
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginaUa present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/| 



NVPt nOCAflCM uertARIES 



'I I 



3 3433 06275621 2 



THE 



VIL ENGINEER AND ARCHITECT'S 



JOURNAL 



VOLUME TWENTY-FIETH. — 1862. 



LONDON: 
W. KENT AND CO., 23, PATERNOSTER ROW. 



PBISTED BY W. KNOTT, 
OREVIIJiB STREET, HATTON &ABOEN, £.& 



INDEX TO VOLUME XXV. 




ifcmcihjron the works at Bwuma, SUIoth, ajid Bljtli, 

ir 

icdtenta, nBinj, Oalton oc, 140 

Bnnilouoo. 189 

Acddcnt, BarUe; colUerjr, 301 

Attott memorial, 91. US, ISO, 351, 33S 

AUhi'i compound buffer, 16g 

ifiea on econumlaiii^ fuel in iron plated slilpa of war, iSi 

Ulna, Scotland, flnuUuf dock cahi for, 01 

Ahar of 8t. John, Oiareh of 8. Jnuda, AuUI, 319 

iVi""*-*!, patent Uwa of, 8 

k Architaotoral moDammts and remaina, il 
.DoTofcaatk, 315 
I woric. IM 
I of Weill, Parker on, <05 
f , cbemlstrr an aid to, 210 
U aaMxlonoo, 31 
il, dril enslDeeiine, and building oontrlr- 

I in the iotematumal einibitiuo, SOT 
Aichltectnral drawuig* in tho rvr&t librarr, Windaor, 129 
^— tec at the iotpniatioQal erUibitioo, 160 
ARhttectmal examioatibiu, A8h|jitel on, STS 
Aidiii«cttinl«ilubltion, 91, lil. 171 

department of boilOiog ma(eriabi, 1S9 

Architectural metal work, SS5 

— woodwork, 345 

jLidiitectaral moacam, on the (brmatlon of a national, 

Soilt, MT, 334 
AHUtcdBral objects at the inleruailonaJ nxhibltloa, S$( 
Jb^ttectiinl troatment of engineering works, 118 
ARhitectim, dictlaonrjr of. 111 
•^— Bucydop^e d*, ^ror.; 99 

lectoraa oa, S4, It, 111, 188, 19T 

ouidara. 131 

PalgraTeon, 168 

BtTua de r, 99 

at the royal academr. 167, 190 

^^ ■pwiaima of early French (rer.J 58 

▲BCBiTKTra^L Emctio!is, (nw)— 

Altar. St. John, XoUinxhiU* Boatler, 148 

Chap^ Woolwich, tMidlar and fiwMU, SS 

Choreh, Orer Darwen. Lancaahira, M 

CbBTch, KaAoliDu, M an clwlor , Pojiin, 91 

CoQm. Barloiw. Smex, Withan, di 

BxhlEltloa boildioc, interaalioaal, Fowke, T, 98 

IfoMirn, OsfonL 189, iSi 

Hnseumi, South KeoBlDgtao, Fowke, 91 

Opera houe, Paris, SIS 

Palais d« jnatioe, Brun'Ild. 2£1 

KailWBjr station, !>< ' I 

School traildiiiEs. >: lodyer, 90 

Schools, Xjuog AthiuL, ^ usw, 9'J 

Bcfeooia, Mjiryletmike-iiiuo, Luudon, Willson and 

KU^oU.(r 
neatre of the Prince Imparlal, Paris, 325 
Town hall, Prerton. Soott, 301 
Tola, WeMwuud, Lt»ds, UUi, 98 

AiekiTM des nMOOments publiquea (rev.) (S3 

JiADQW plates, De Bathe sud I'boaiaa, S3 

An dsalgB at the international exhibition IMl, <S 

AilaaiBa wvUa, 191 

MBan, andem, SS8 

AApltel on ToloDtarr architectotal ozamlnations, 873 

Albs on tnllouu uavi^tiiJD, 8<8 

0, British, fur the adTancenumt of science, 845. 



loa rifle guns and projectiles, 894 
lalwa, Bsiw lunatic, for tbti City of ioodon, 9S1 
llWtuil OP misinkable aliips. Hi 
liiMiiflitiito banwvrkD, too #r. Uitiig, &eT 
AMJtfs bOaUtnl scales, 155 
AMiRritMtiiBbor, 348 



BakeweUonUMflmreofUMearth, 138 

Dallooa asosnt, tdentillc, 835 

BaUoon, safety eoneeiitrio, 154 

Balloou nafisttlDo, Dr. Ashe oo, 858 

Bariow 00 poddled steel, homogenous iron, and steel Iron, 

89 
Barometer, long tnhe, Howsoo on, 30 
Bmdmnr)! on hydrology, 189 
{l,.|..;^.. ,~ . -, sodsty, 151 
!!■ uw, 152, 215 

K.I. dCQ.,3uO 

Bcumm 9 lij^ii (iretnufe steam boQer, Boasell on, 87, 130 
BllAleraJ double oflket plotttng scales, by Anitin, 155 
BillxM and TudeU railway, S9T 
BLaclrfriani bridge, proposed new, 81 

cast iron. Harrison's, 888 

Boiler, Benson's high- pressure steam, 87, 130 
Boiler, double bell, Oerrais. 889 

double chamber, Taylor, 888 

Boiler, marine. Orimkldi on, 857 

Boilers, marine, improTemenia in, 888 

Boiler, slow combustion. Biddeli, 389 

Bombay, Barod*, and Central India railway, 08 

Bootmaking macbiuo, 319 

Borings and deep wells, Bumell on, 77 

Bow on photographic diatortiOD, U, 57, 89 

Bowstring giraors, stresses oo, 85 

Bray on measuring diitauoes by telescope, 80 

Bread and lead, 230 

Brealc, railway, Dunn's, Wl 

Breakwaters and piem, Webb oa (rev.) SiS 

Breakwater. Cberbonn, 113 

Brefvtao on 5lallash bridg* aeroM the Tamar, 115 

Bmt, swing bridge, 39S 

Bricks, patent, 398 

BaiPOB— 

Blacktriats, proposed new, 81 

Garouae. 248 

Nortbondon, Cheshire, 81 

Saltash, 115 

Lnidal. York, 185 

Over the nbine, lattic* girder, S4S 

Vistuia, S55 

WostU)lAst«r, new, 91 

Biid^ over the Vistula, cement naed in the oogoalmctioii 

aLtst5 
Bridges, ataUcsof, 47, 70, 171, 230 
Bridges awing, at Prut, 393 
Bridges, iroo piers for railway, 870, 814 
British ai«hiteoU, loyal institute of, 133 
British aaioeiatkn fur the adrancement of ideDOo, iU, 

889 
British nary. Iron cased ships, Seed on, 18 
Brodio on railway corres, 351 
Bnnleeeon railway aociaenta, 189 
Brussels, palais de justice, 351 
BuffBTs, Sponoer and Oerlett's, 308 

oomponnd, 308 

Building ibr the internstiooal exhibition, 7, »i 

Building oontrivancas in the intenuilional exhibition, 397 

Bumell un deep wells and borings, 77 

Bynic on laying out a rmilway cvrre, 91 

ou the elevatiou of tbe «i8«rior raU oo nttwsy 

correa, 71, 107 



Call and Go's. locomotiTe, 303 

Calorifere, oaat iroo, Ptail^s, 88T 

Canal dn Hidi, passage of a Unregt aaoM the, 314 

Cspe Canaveral, Iron lighthouse at, 131 



CaigiU on the laying out of railway currei. 111 

— oa WTODght-lnia girders, SOS, 877 

aebaartwaodiBalse|i«n, lee 68 

Oanett and Marahalfs, SKam pumps, IM 
—— steam hammer, 184 

oondeusiag engine, 185 

CarrlDgs from new museum, Oxford, 189 
Cast iron boiler Harrison's, 888 

Cathedrals of United Kijudom, Waloott oo (ie?.l M, 88 
Cathedral— St. Stephen, Vieiuia, 81; Wonns, 81; «t. 

Darid's, restoration of, 837 
C&toptricUghts for lighthouses, 398 
CcinoDt used in bridge over tbe Tlttola, 835 
Cbair, railway coabloDed, Truss, KM 

stilfarting. Ramie's, 395 

Chapel, Wnolwich, 88 

Cbs,pU<r boose, Wostminster abbey, 187 

Cbsj^es, araUleots', lit 

CUemiBCry, as npraasDted in the int«natlaaal oihibi- 

tion. 184 
Obemlstrr an aidUi archanlogy, SM 
CtMlolB-ae-fer du oeutre, SSI 
Chertxmrg breakwater, 343 

CBcacnifl— 

Ancient chnroh, Dorer costle, 8U 

Orer Darwen, unoaahirs, 98 

Kanan catholic, Boabolme, Sf aatb aiter. 81 

8t. Etieone du Mont, Paris, 814 

St. John, Roman cathoUc. Islington, S4S 

St. Uary's, Youghal, Cork, 91 

CiTa engiiMMrinf, manonl of, Bankine(reT.) 90 

Ciril enginsers/IiiBtilutiuo ol, 114, 187, 175, 349 

CiTil engineering, arcbitectmrs, and building contriraneM 
in liit«rDational exhibition, 397 

Cochrane on coking in orena as applied to StaAMdAlfB 
stack. 84 

Coke oTvns, Pnuwul and Datrocbef i, 228 

Coking in oTcns, new atode applied to Staffordshire slaek. 
84j01 

College, St. Mary's. Harlow, Essex. 65 

Ct>lli«7 aoddent. Hartley, £01 

Colour and ooloursd decoratioa, Lswia on, IM 

Coloured architectural deconttooa, 186 

Collii'ri>4. !<iiiL'li: abaft, 187 

O^^i I ->'j of parliament, Sydnay, SI, 48 

Cm Inillootj, 154 

Coui: :. . L 1. London docks, Boberlsoa on, 10 

CouddUAtng ongino, Harrey's, 169 

Cairett and Marshall's, 385 

Constnictiaii of eirders, 193, 331 

ConRtmciioD of inm bridges, Humber on, (rev.) St 

Ooiutruotiou, uochanios of, Fenwick on rrsT.) 89 

Coui'trui.iioti of iron plated shins, Samooa on. 114 

Coaslniction, riampli-s of builoiug rev.) 90 

Coniiruclicxii <>f lightiug ^pitaratuii fo^lighthoQSOa,]fi»- 
eetia OD, 20«, 341 

CoDvcniiuuallsm in ornament, Seddoti on. 331, 375 

Couway bridge tubes, strcMea on, 191 

Capper gas piiMS, eiplosiou* of; 8u3 

C{>i'telt's surface supportcnl raUway, 265 

Cottage improvement nocietles, Oreeuliill on, 381 

Curve, laying oat nilvkv. Byrne ou. 9 

Cushioned railway chair, 'Jtii 

Creosoted Umber, nrflgesaf linmori* terebrans, 308 



D. 



Dt Baths and Thomar am 



DetpwuUanndborfiiga. Bam 



irnlnUn,!! 
iea«^T7.m 

IVlperdsnges, joining water pipes, 189 
Uiffereotial planetary gearing. 214 
Delhi, inn railway bridge, 238 



|Ti=^ 



IV. 



INDEX. 



2>«lta oftke ItaBDbe. Hartlajr on. 116 

Daoloo oa diiicluirfe {ran iimldrdnliiare. tl 

DmIch far oitMDmtal eutMiutrjr rev., i>9 

DioHninryofijcbitectan (rer.; Wl 

IM« kmoK dea miuelolttn in Scttvabes (kt.) W 

Dioptric U)dita for U^thonaM, MM 

DlidiMie Iram andardruliiafg, Denton oo, H 

DMtmoai, aiauariiiK, b; th« Mneope. K 

Dtina k CUyUw, niltrar wheaU, atiil cire futuaan, I6T 

Dock gmt«, taaUug, for AUoa, SooUud, M 

Doek (tmU* M SheerndU, 2M 

Double b«ll boUer, Garraia, Sit 

Dovnr outJn, aadimt cliurch In, aiS 

Doror ftoUoiL Londcn. caiatham, sod Dovw nOmy, 11 

Ondiuga awl pkvUg of OdflM*. 18T 

Dralaaga of tbe f«n-, iM 

DnviD(s, lullan KrchitMtunl, Windier, S19 

DriUlDg UKchine. Muii'*, 31B 

DHnX'* apring dip flab juiuU, 866 

OuDo't milvar brwUc, 2t>T 

Dunhilit; of iroa in «m water, its 



Xuth, figure of th«,Bnk« veil nn, 123 

Em( Indun nUlway, northwest dirUion, Ul 

Boauoalc angle* of fnuned ooiutracttonii, 1 

in tiido™. «T, »:. I*T 

Eegoonic cnutrwUon of girdon, $T VT. lit. lAl, 10^ 

SSI. ITS, tO» 
Sdlngloii'* Itou aarfkee liMpMv, S5£ 
Scctridty, Webb on, )U4 
XUtatiott of (b« ostariar rail on r>lln»d corvei, OUTrr 

ByriM oa, Tl 
KabanloBut of tbe Thtmia, t^urrejr side, 290 
EBCTolopMle d'arclili«ctur« rev.) M 
EagineerInK, hfdranltc, 2TI, IIS, US. U4 
Soflnearing modeia, foreign, M the iTilmrMtlnnal exhibl- 

Uub. 143, 2M 

SMQistM%i»a drtDCTDua— 

Breakirfttw, Cherbourg, !4f 

Bridge. Loud&l, Yorlc, 1S» 

Bridge orer the Oarouuo, 2-13 

Bridge over tbo Kblnc at KM, 213 

Bridg*, Wea'niiaalcr, new, 111 

Bridge, Mtaah, 116 

Bridge, rallwftjr, Delhi. 228 

Ooclt gntee, SlieonieH, 148 

Harbour worka, Bwuiaes, SiHat]} ud SDjIii, 1S7 

J«t*7 at Maigate, S4T 

UghUMUM appknttiia, 394, Ut 

lifhthogae, Cape Canaveral. (7.8,, ISl, 1ST 

I««wtaft hartaoor, S4T 

Tkt, Hanw Bar. **i 

Bmk djkaa ofSloawig and HoleUia, 175 

SoalhniMl pier, S4T 

Swine bridge. Breet, IM 

Mamph cable, Malta and Aleiatidria, ITS 

Tlidsct, F'riboiug, 844 

Loch Ken U4 

Walla and boringa, T7, 107 

Worka, SoUua muath of Daanbe, 116 

BviaaorinK worfca, architectnral Irealmentof, Ul 
Bofina, new ma, IM 
IfcglBM, trial of ateam fire. US 
laMX, St. Marj'a t«]l«Ke. lUrlow, 66 
BlOB ooUis*, new mImioI baQdlun at. 90 
Kxamiiutmnit nfthf lii'Mtiiteor BritlHh architocta, S34 

v-i ^1, SIT. S7J 

EiUil» I. 161, ITS 

■ — ..: . nt al building materlala. In- 



73,104 
lilhltion, iuterniitiijiinl, ISS 
■ gjH engineering at tbe, Hi 

, gvaurj, at Sboabutfaeaa, ITl 
tploalona of oopjw gaa pipe*. MS 



Ikirbaim on medianinal adence, S4S 
I'— 00 tbe propertiee cf inn, 118 
fBOM, drainage a<^ S5S 
Bwick, on meehaaici uf ooaatraollaa (nrv.) SS 
pre cf (be earth, Bakevell on, lit 
■• artt in Ilal;, preaani aapcct oC M. Digby WjratI, 
«T, 78, :04 
t arte, aodetv lor Ih^aiieowagnneal tt, ISl 
I engloea, trial of atean, IH 
Jolnta. apring clip, Dtring'a, fK 
I dook nt« far Alloa, SeotUnd, S8 
a, eihlDltion in, 3T, It 
Ion the Malta and iJeuuidha auboarlu laltgnph 
eabU, m 

jtoaaringacdeia at the iateniatiooal exhiU- 
ttoB,S4tSH 
_ Jlereign poUleaUflna, 61, IM, S6T 

Klboorg riadaot, 244 
iraign railway plant and appUanoea in the InteraaUonal 
~ exlubition. >U>1 

. DCHUtnictloua, economic augica of, 1 
French oantribatiniu to the lat«maliunal exbibitloD, 241 
Vnal, aoooomlaation <it, in iron plated ahlpa of war, t8» 



OoltoB OB laflwar aeddenta, 140 

Oaoot on phnlca i,reT,) ei 

Oaroone, Drldfe orer the. 3U 

Oaa apparatna, Portet'a, 128 

Oaa engine, new, ltd 

Oaa engineering at the eihlbltlon, IH 

Oaa pipe*, eiploaiona of, 802 

Oeanug. Maocord'a, n4 

Oeometrical drawing, manaalof, Warren on '^rev. i 821 

Oaometr;, orthographic proJecUoot of descriptive. VTor- 

rea on (rev.) Ill 
Oennanjr, railwa; lyattm nf, 876 
Oervais' doable bell boiler, 389 
Olaaa, atained. In the int«mati(inai exhlbitioa, SU 

atalned and paintad, rcUatt on, 88S 

Ooddard oa king Bichard'ahooae, Leioeeter, 160 

Oothic archllecfnre of France, 111 

Gothic menwrtala, Bmngwjn on (rer.) ISl 

Girdem, on spiring theoomoioii fonatila forthe itrrug*b 

of; 288 
Catgill oo tba eMutraatian of wTvagbt-lroo, 808, 

8TT 
eaoooatie aaglea in parallel openwork, ST, 91, 14T, 

ISI, 192, ni, 08, 8T6, a09 
— - economic coastnicUaB of, 147, ISl, IM, Ul, ST6, 

800 

orgr«atfpanf.«eaooittiaeoosttveiioBof, 1131, S77 

atreaae* oa bowttrtog. It 

Qreenhlll on oottage improTenMnk aodatiaa, 281 
Orovc on phjfficat Ibree* (rer.) 8M 
GnildhaU, Lrioaatar, UlUa on, 810 
Ounoer? experiuMinte at Bboebarrnaaa, 171 
Oitj'* hoapital. ventlUtka oC UT 



Ealicaraaaeiia, maofoleoin at, reatored (rer.j 818 

rcaainamiip, 91 

Hammer, ataani, Garrett and Marshall, 184 
Handbook of aliae role, Baile/ on <rev.) lU 
Harbour, Lowaetofl, S4T 
Hart im marJilwiiy for oonpodag and diatrlbBtiog tjpe, 

3.S0 
Ilnrilrj coUlor; accident, 101 

colliery accident. C2 

Haftli-y on the Delu of tbo Daanbe, Ac 116 

Kaive7'acoiKl*Miiigeo|dne, 169 

Heart-wood in aleepen, Uocka, beaina, ftc. 6S 

Heat, Ul lie relation to wnLur and ateaffl, WHUaB* on, 

344,818 
Heating alovc, pneomatic, Zknam'i, 888 
Efgnr'a ventilator, 889 
Heme Baj pier, 14T 

Hiidi-prvaeiire (team boQer, B«Bion'a, 8T, IW 
Hiluaathe Leioaatar gnildball, 810 
Hoogly and Motla, Loogridge oo, 19 
Hoapital uf 8t. loula. enUtgemeni of, MS 
Hoaptula, vwitilatiao at 6, 88. 09 
Ho<naa i» taag tnbe hanineter, IN 
Hoi water appSratna, FerUna, 1S8 
Hot water plpea, Koaaar'a, 888 
Howurth'i Arcblmedian screw ventilator, 8liS 
Hnnberoo iron bridge conatmction ^rev.) 16 
HrdraBlle engiaeeriDf, 371, 812, 886, 884 
HjrdnilaKf, maooal of, Beardinore ;rcv.) 289 



Improvomenta In Faria, 388. 834 

India, rail way bridge. Delhi, 338 

InitUule of Britlah arcfaiteeta, annoal report oC 818 

Inatltule of BritlaharcUteeta. ezaatlnaBOBa d^ 834 

InaUtntion of drU engineen, 114, 187, 178, 149, 876 

Ihtuhatiobaz. ExBtaiTio*, 1843, 135 

Ardiiteetnral drawiuga Jtc. in the, 160 

object* in, 3»6 

Art dnOgn at, 68 

Bonding, 7, 98 

CivU engioeeilng, •reUtectore, and bvilding oootriv- 

anoM at the, Sj 
Ohemialxy ia the, 184 
Foreign «^ineeri«g nodda, 189, 14S, 181 
Oaa engliiMTiiig at, lis 

Oeoeral amngeaent of Frendi contribatloua, 143 
Kh43ha ranoM la the, 398, 137 
Lectern at, rll 

Machinerr at the. 168, 219, 138, 388, 838 
Uarirn cogiMa. 838 
MedlBval ooart at tbe, 866 
Oniainental keibowa in Uio, 396 
Ballwar looonotioa, 396 
Bailwajr plant and apiiBanrf, 964, SOI 
B«po(t of tbe Jarle*. m, 839. 879 
.Sanltanr IniprDvaiaaita at the, 840 
Statned glaaa b the, 831 
WannlBg and ventilttiMi tlbutnted at. UC 

laveBtioM, patenta, and bollding maloriala at archl- 

lectitral auiUtlon, 139 
Invt^tloaa, pmtnnlinn of. In the intamatloDaJ exhibition 

187 
Irtxi braakwaten aad pien, Webb on (rev. ) 240 
Iran bridge ooulnictkin, Humber on (tev.) 36 



Irao bridge ovor the Oaronne, at Bordeaux, 241 

VortlMUdta, Cbeahira, 81 

Iroa eiaed ahip* of firttiab narv, Bioad oo, IS 

Iron and coocrele pavemeut, 166 

Iron lighthonae at Cape Canaveral, V.^., 181, 147 

Iron laanufactnrs ofOreat Britain, Tmran (rev.) Sit, 89 

Iron (orboe aleepers, Kdiogtoo'a, M6 

Iron irien (or radwa; bridgea to aUavliU diatricta, 27> { 

Iron plated ahip*. on the ooaatructiou of, 114 
Iron, propertiea of and reeUtanoe t« proioetila*, 

balTD on, 388 
Iran railwajp bridge. Delhi, 338 
Iran in *ea water. dorabilitT of, 14S 
Iron, ated, aad puddled ateel, 89 
Iroawnrit, aocieiit, 167 

Islington, At. John'a Roman catholic church, 141 
Italian architectural dmwtnga at Windaor, 339 
lUljT, fine arte in, 37, 78, IU4 



J. 

Ja/i organ blower, 384 

Jetty, Manat' , 347 

Johuan'a doep-aea gatue, 288 

Johnaaa en eariy fttnA ardiitectore {rer, ) 68 

Jduaon, Frederick, on MUcbeira icrew pilea aad moacwJ 

log* (rev. I 31S 
Johnaoo't volator, 387 
Joining water pipe*, Dejpetdaage, 389 



Keoalngtoo mnaoora, loan coUeotlon of objecta of art at 

the, 217 

tooth, 91 

Kent oountj priaaa, ventilation of, 387 

Koybowa, ornamental, in the intematiooal oxhibilioUt 

396, 837 
King Riehard'a honae, Leiceater, Ooddard oa, 369 
Kitchen rangoa In the UiCeinatioua] exhibition, 288 



Lattico girder bridge over Rhine, S48 

Layttig oat nf railway cunroa, CargUt on. 111 

Lead and bread, SW 

Leotem at the latematiaoal exhibition, 331 

Laetnre* on arohlteeture at thf raral acadamT, Svdiiey 

Bmlrke, R.A., 64, 74, 79, IIJ, 1 J3, 107 
Leioeator guildhall, 0. Hill>, 310 
LdoMter, King Rlcfaard'a home, Ooddard, 269 
Leadal bridge, York, 186 
Lewia on coloar and coloarad daooratioa, 899 
Lighting appanUta, cooitnietian d, 896. 843 
Ughthouae, bell rock, 163, 316 
Llgbthoaaea, lighting apparatna for, A. M^TwIln, 29d, 

Lighthoaaii, new iron at Cape Canaveral. VS., 131, 167 
LilleahAtl oompany'a tank engine, 317 
Umocria terebram. ravuea of, oo ereoaoted timber. KM 
Link iDotioo, improved, J. Naamyth, 849 

B0b*rlaai ou, 400 

Iioan eoUecUoa of objeota of art at Kenalnetoo mnaeun. 
317, 869 ^^ ^^ 

Loch Ken rUdoct. Portpatrick rallwajr, Blyth oa, U4 
Locomotive, J. Call and Ob'*, 803 

oogine. Raoiabottom, 216 

londoo dock*, oooerete oaed at, 10 

Xrong Aahton. near Briatol, new schooli at, 93 

Loagrldge oo the Hoogly and the Mutla, 19 

Lough oo veatilatioo mgv.) 183 

LowoMoft harbour, 347 

Lonatlo aaylum for tlie City of London, 161 



Uaoeonfa differential planetary 8«ariug, 314 
Machinery for oompoaing and dUtHrmttug typo, 860 

in the (>xbibU)OD, report of the jury on, 839,379 

In the iatenalfonalexhibiliun, ]&>i, 219, SST. 164. 

288,818 
McElroy oa hydraulic enginoering, 271, 813, 886, S84 
Maddlne, the, Fana, 3S3 
Malta and Alexandria iobmarine cable. Ford, 178 
Mannlog and Wanlte'a miDeral tank cttgine, 217 
Maiiaoleom at Halicaniaaana, reatored (rev.) 818 
Maaoal of dvil engiaeering, W. J. M. Baaktne (nt.) 9p, 

Uaaoal of hydrology, Beardmon (rev.) 389 

Manate Jetty, 347 

Hanin boUert, Mcrilon'a improvement* in, (SB 

boiUr, Otimaldl, 361 

wagfot, Maudalay aad nold'a, 988 

— e^|lae,B*vanhmBadSaIkdd'*,SM 
— . englaei, Fean'a, 169 

eofbiaa. 169, 828 

Maaaalm so the ooostraction of lighting appantn* tar 

lighUxmae*, 196, S4S 
Mandalay and FieldT a Bariae tt^ut, 981 
Maw** moaaioh 388 

Maaanring diatanoea by the tabaeape, Bny go, 90 
Mcduuiical adence, Fairfaalis on, 844 






maM 




_ } tht JBtCTMl iOMl MhlWUM, »M 

rtCULS.tlMFriMiOn«arl, T 
I AJiMrt, it, lis. 180. lit. iisa 
, QoUiic, W. C. Bnngwrn, VU 
MrMrUl. IhaSlcpbentoD, «4 

' ■'■ liii|iroTeia«Dia In msrliie boUen, %»i 
»l>TelklMloi. tiie,lM 
1 tank enciM, UT 
, Mtotj lukTBD for, 91 
!» Krw fdlM oad moaringi, JohnioD on {nr,} 

InnaMwtltmri* dei Oart«n«iakiMhMi 
frsT.) 61 



I, MJM «ngiMrin(, S4>, S»S_ 



_ I aod BabM failws;. ST 

■itmanMteetwv. J.Mamr. Ul 

Maqpaphle deU eatbMnile de Cfaartrat (ror.^ 81 
Wmt OmK tunnel Uiraugli, 324 
llMWfMH. kodral kfvkit<ctonU 41 
MiMln. Maw't, 3J8 

■«M«. notorial, *■ aa areblt«etnnl amticUUhuiunt, 
«. D. WfAU, llT, 144 

m ommoMDUlea xlmmerwcrkni, Looi* Dcgcr 
.)99 

idrilUu OMCbloe, SIS 
■1 rKUtaln^ land fiwn Miu tad MtQariei, 177 
I of Mvhitwture, on Uia furmaliuu uf a liatluual, 
. 8«oU, 307, U4 
iatOxAinl,lS», ns 
• Suulli giMliniim, 91 



N. 

l4SSltlipi«T«d linkraotioa, S40 
1 Mawu of aiuhitccture, on tba fonnatioD of a, 
,S0?,S4 

rMvdrVtlien«,S46 
^kiO. St. Jobn'a altar at, S49 
I aiioalea de la (nustructloii [nr. ) 99 



0. 

«f *rt *t(b* KeaalDKton ma»eaia, Ibe loM ooUee- 
oClIT 

OiImm, dniuag* and poring of. 187 
<XdlMD on recuiuiiu land fn>in was and aatnarUa, ITii 
OnamenlalkrYbow* In lniern.uional exblMtlon, Tit, UT 
Ob aapJj^tc ""> coaaauo fonnula for tbo streugtli uT 
llrirr*. S3S 

■BE bauw, proEranaw tor denim Ol, Puria, U, M, lOV, 
140 

Km I.. S25 

<2«4 
Onanr 'iiaUillllu,J. P. Hoddon, !31, 37E 

Ona«,' > Lod DnpnxihdV, ]ts 

Qltitd, KAtiniia iroia tba oieir uiuwnni at, \»ii, S3S 



ehalraux, bol«ta, «t tMbona. pu Clnndg 9aa- 

,SiT 

I jtulire. Bnueflaa, 2fil 

lou arcbilectOTB, 1*0 




Parte, ImpmramenU bi, 199. St4 
Madalbie, ~ 




r--. 



11IM.U1 

- — opanbooat. I3S 

pra)«(tad •^mna In tb« «obarbi of, SS£ 

pncniUM for deaisD uf opera bioait, IS, <6, IM, 

144J 

miioreround nllwar, 3I!I. 293 
u U>r «ntl<|iiuic»'uf WolJi, iOS 
Uwt Dukme uiacbiov, •/li 
on the tml gf a toment acroat tb« Ooftl dn 

irt of pateaU aealed, 89, 64, U3, lt4, 
.'94. 3X5, ISIt, 400 
--d Dcir buildinj ftir, S93 

It^wig aad Hcdrtela. I7fi 
• e oretu, 'SiZ 

■ III' It'lH, ISfi 

<k and |»iut«d |Usa, Hl« 

■-.iron, 84, 67 
Htian'»,388 

■ -• "ii. 3ilo 

• an architectural obbrfUlhaMBt, 
, 144 

m 

vr, "iSS 

...IBIyt'., •niksai Iht. 1»7 
i.'tltiitH ii( civil Mijniiner', 249 
it«»iiIUI)r, M. Digl.y Wyatt, 

inber, I>. Slcpbramn oa, 3<X 



S2£ 
>i ituprm-boiue, IS, ttS, 109, 140 



mDEX. 



Projoctnea, mlttaiKe of inn to, Fairbairn on. SS8 

Pniporliona of ihuned ooDdractifint, 1 

Pmtectbo of biTanttooa ia Ibe iotcmatiututl eihlMUnn, 

187 
PnbUealioni, fiirdcB, OS. 90 
Pnm^ alcM, Camtt Mrf Xuahaai, SM 



Eailraad atrm, eleTation of ibe axterior rail, B]rra« on, 

71 
BaUwajr accident*, Branleet on, tS9 

Oalknon, 140 

Bailwar, Bombay, Baroda, aad Central lodia, «S 

widsea, Uxm pienfor, in allnriaj diidricU, 270, 314 

brwJr, D 



Dann, M7 



■ bridge, iron, India, 118 

- chair, Tniai'i.lM 

- cnrra, to Uroat, Bthw on, T 

- oarT«i, 00 tbe lajrtng oirt o^ A, Bndiai, Ul 

- citr<r««, on tbe Ujlng oat of, T. CarflU, HI 
cnttlnn and anbaokmoBla, oo •oUiag 



Ibo 



slope* of, T. Cargill. 99 

■ East lodlao, Dorth-vett diviaioii, 3£1 
plant and appllanooi at tba iDtcmational «xbi- 

bitimi, 164. 301 

tignai, Stafford's, 169 

J^tcTena aod Son>, 149 

station, DoTcr, SI 

sratam of Oermanr. Crawford on, 875 

„,„(„ — ^,.,„.i I ,, ■•n, 4u» 

Rwnaf!^ ^189 

Eaoiic'- 'j 

Ram«bvU"i>' - •I'l"*' -"i" '■■•^ uki«x tip water. 117 

loconioUTe engine, US 

Rankiae on tbn fonn at waraa, 651 

00 re«if taooe of tquare bar* to tonlon, H 

on civil eogiaeeriDg (re?.) 90 

maaoal of dvfl engtDeoriBg, 181 

Satenbill and Salkeld** marino engine, SS4 

Recently «zocnlcd deep wulU and borlagi, on fome, 

G. a. Buraell, 77, 107 
Kedalmincland fhomaeaa andettuariea, Oldham oo, 176 

Mailer oa, 177 

Reed on iron ca>ed iliiptcfBritiabnaTy, IS 

Bemaini from naticamaiMaiL, 91 

Bepoct of the ro}al Institatoof Britisb arcfaitorta, 31 3 

Bcporta of lUo juruu of the lnt«raatioDalexblbltlou, 293, 

339 
BeiiiiaBoe of aqaare bart to tonton, Baakine oo, 85 

KaaroaaTiosi— 

Chapter-biKMv. Wei tninrter abbey, 1S7 

Cborrb of St. Etleooe do Uonl, Pari*, 324 

Cbnnb of St. John, Ulbigton, 14A 

Piilais dM 'l'1lile^ic^ 835 

St. Imvld'e oithcdral, 327 

SL klarr'a cbiinh, Yungbal, Cork. 91 

St. Vavld't ontliedniU, propoied, 3iT 

BOrne de Karcbitocture (rer.) 99 

Ri»iiw»— 

ArohiTes des monatnenta pobliqnoi. 61 
Aatbi'>fimpblC' pr«i|ectIon of ducriptira BMaetry, 

S. K. Watn-ii. SJ 
Auwetuhrte UauwirrkR, Hildg, S57 
Brillub alBiAiiAck ISiiS, :t!i 
I'albniral* of United Kingdom, W&l(ott,19, SB 
Correlation ofpfeyaindforreK, W. R. tirure. ¥■'■< 
DictiooarjTfif arrhifiv^'in', ISl 



Die knn«t i- 
EleuK'niarv 

Enrrrlnpf*!. 



11. 



iu Xcbwaben. H«U«k< M7 
>!», Pnrt. Oaaat, M 

,,9y 

■ ruction, PO 
l>rangwy{i, 123 

water and ateam, C. W. Wil- 



nint <ii,.Ioho r.xingfa, 13.1 

Iron brnakwalon. nod piera, E. II. Webb, 346 

Iruu bridgo oonatraetion, HuniUir, 2t: 

Iit>n manufitclare of Oreat Britain, W. 'rroran, S21, S97 

Mnnua] uf civil engioauriog, Kankiuv, iJO, \%i 

of elementary goometrlcai drawing, S. E. 

Wamni, 331 

nf bydroloKy, Beantmore, 389 

MaiiKilouui at Halicamaasiw. reatored in eooilDrBiUy 

witli tbe recently diocoreced muaitu, i. lttrg»ma>t, 

SIS 
Mecbanlcaof GOfwtrsction.Feowidt, &9 
IfltdieU'a (civw piles and mooring*. «l(b Jnbn«an'» 

patoated iniprovemcnti, Freduhik i'lhiiMii, <.'. E. 31'< 
HiUdallarUcbe kunatdeakoiala des Oestemeicliiaulwa 

kaiaentaalca, 61 
Hoderaarchittfctara, Marray, 111 
Honograpble dela catbMralc do QwrtrBa, 61 
Motive IU ornaaientaleD aaunerwerken, 1i9 
Koaveliet auaale* d« la conatTvetluD, Hi, 99 
Oa the taire of tbe earth, Bakswell, llS 
faUii, caat^Aiiv, 'b-AA*. i>t mataona, SaaTageot, SST 
iLtraa de Ytn' :• 

irrhltectnre, Jobnioli, tS 
u.uaraJ and arliflclAl, ftotaort 



Bpectmenaiif 
iTMtbir .". 

Bit. M . 



[loii'les nf riecti (cal aecauki 

f . C. Wabl>, 154 



Rlddoir»«lowc3ii,» ' - '^ •■ r, 3S9 

BillegauBuid pi i uo, SSfl 

RloJADriru, itii)'i< . .u 

Bitcbie on reotil^ktiun. si j 

Robertaon on concrete oied at Loadoa dock», 10 

on Uok mutioo, 400 

Roman catholic church, new, Boahdme, Uaacheater, 91 

BoMer'ibot-waterpipaa, 888 

Eoyal academy, arehiteotare at tiUbttiaa of, U7, lud 

'eihibitioa.Sil 

lectqr««oo»rrhit«ctnreat,64,79, 113. 1SS,19T 

Boyal isatitatc of Ilritlah anJiitcota, 1 tS, 899 

aaoaal report at, SIS 

Biiabolne. Miamnltr. b«« KoiBaa catkollo obnreb, 81 
KumU oo Banaau'a hi^-praMoraetaaia boUer, 87. ISO 



Safety coo centric ballooe, 154 

Safety bavim for mioonk, 91 

Saltaab bridge, 115 

Sanitary improvement* at inleraatioaal exhibition, S40 

Scaloa, ADBtia'a bllatena, 155 

Bobool baildings at Eton ooUege, new, 90 

Schools at IxingAabton, new, US 

Sdeotiflc ballooa aacunt, 125 

Soott on coDaerratioo of anoiattt arcbit«ctnra1 rooantnenti 

and remaioa, 41 
on the Ibnaationof a natioikal uio.ieuii) of Br<>ht- 

toctore, 307, 384 
Screw rentilatar, Howorth'a, ttttf 
Sea dykes of Sleawtg and Hobtela, J. Patun. ITS 
Saaaaadestoarisa, ledalmingtand Ihm, J. EL 3Intl<ar, in 

Oldbam, 178 

8eatoa'< railiray sleepna, 265 

fleddoo ou ooDventlooaliaoi iu omameat, 321, ITS 

Signal, railway, Davidson's, 348 

Staflcird's. ItM 

Stevens and Soa'a, 168 

Sbaenieaedock gatos, 144 
Hbipa, iron caied, Koed o'l, IS 
Sblp*, oiirlnkAb c, C. Athxrton on, 348 
Sk<rper>, railway, Scatvo's, Vii 

iron larface, Etliogutn, Ki 

blocks, heatt-waoffin. M 

Slide rol'% bandlvnk of, Bailey od (nv.) lit 

Slow com •■■•'- '••' 

81ni«, (!i 

Smirke i>; 

Siiuiudn, J. I', n. Mu 

114 



•M's, S'O 

113,183. 197 
inu uotioa ofliuii platad slilps. 



BoCliTIH — 

ArcbltcrlnnO aowtlation, 31 

ciLhiliiltim. «4, 1?», 151, 173 

Btliiah anblt^ovl*. vtauiiuallDns of, 3S4 

Ilrillab aAMM'Jaliini fur tbo iulvanu:|ii<ru( of aolt'iitT. 

CJotlago InnrovoniOTit. 181 

BatfairaBiilflaa.Ul 

Baoaaiafonent of Bne art*, 121 

~ ■ er», bjiMtute of clvU. 19. JI. 114,137,178,249 

_ seent, Mcollaod, Lotrodnctory addreaa, 17: geo«ai 

IBeettn$, Si 
Royal acadetcy. architcctutc at exhiliitinu ef, 157, 190 

leOtUriM. 54, Tl/. 112, 188, 19T 

Boyal iastitatoofBiitiili architeda, li.1, SIS, S99 

Boiling tbo dopes of railway ctitiiag* and eabanknaata, 

T OnrclH, «•!» 
B.M ■ : -.'47 

S- Ti mtuentn, 91 

— i;tion'<t, 31T 

8|vii>. . I jiriii > v.rlptt'n baflsr, 168 
Stiiironl't railway «tt,'DaI, 3^9 
HtJiiTonLabirc ilack, new laoda «f eoUng la ovens appll««l 

to 84, 101 
StaIVs caatiroo caJoriterc, i»l 
St!t!ii'-d ^'Iv^ in international exbibitloa. 111 
.^l . i ' 'i.tnlgiiuu, A. I'vllallon, SS6 

Si •. 47, TO. 171, 13ti 

ti-ui I uf London, Cbatbam, and Dover rail* 

w.ij, lU 
St. David's otthedral, propoaed rrsloration of, 827 
fit. Jaaie*'ii caUii'lIc «chr>o!", Marvlebooe-lane, Londoo. SJ 
Ht, Jcilm's alur. ' :4 Aatlal, 349 

St. John's hotn.t lingtoo, 248 

St. Louia. eular. . i'.^ 

St. MaryscoDi^ -■n. 66 

St. Stepbeu'i r.-i' k, 81 

8tre>*e» on linn ..i 

Slaam bi. ■<[. 1»5 

Steam U.< 

SteaMti. it nndenbnrfh'a, SSS) 

Stccl.pii'i iiaDdstedimii, .tv 

SteeritiK .' 

Sleoien* ' ' .^I'^xandria tclegraiib, i7y 

8tepheu>' 
Blevaa*!!' 
Sl(>vpn«(>i i»raMe«(lBlMr,Ml 

fill mbee. 193 

Sill': ■ ''landrla, 178 

Bobtvrr'i A\-:n 

Subttrbiii IT I<«ds. 98 

Surl.ii'1' ■ ' ' iletl's, MS 

Siiii M.jukmeat, <SI 

S" -iftS 

Syi: :i:iincnt,eainp«Ulioa, SI, <a 






THE 



CIVIL ENGINEER AND ARCHITECT'S 



JOURNAL. 



ON THE "ECONOMIC ANGLES" OR PBOPOETIONS OF FRAMED CONSTRUCTIONS. 



Art 1. — To ascertain the moat ecooomical or beat arrangement 
of the p&rta lu any coustruction, we mast, in the first place, de- 
termine what are the qualities chiefly desired in the particular 
arcumstances. It may be that we have to attend to the couside- 
ratinn of cost alone, or weifjht of atructare, or its bulk, or some 
partienlar combination of these qualities, and which is to be ren- 
wred a minimum. 

Let, then, a represent the cost or weight, or bulk of such a 
quantity of any material as will be caiKible of conveying a unit 
(R stress through a unit of distance; thus for example, a, may re- 
pment in some of these forms the quantity of material contained 
m a tie-rod measuring one foot long and capable of safely witb- 
•Unding a working stress of one ton. In the subjoined table we 
ofier some approximate values of a for \'Tirious materials used for 
ties and struts, but these are given more for the sake of aObrding 
■ clearer idea of the meaning of the symbol a than for any merit 
Ihey m^ otherwise possess. These values are given under the 
heada oicott, teeight, and bulk — those under the first head must be 
VMied to suit the prices in ditfereot localities. When regtird is 
had to more than one of these qualities, the value of a must be 
modified accordingly; thus, for instance, in the case of an elevated 
ftru«tare to be erected abroad, and where it will be exposed to 
o&iefl, we must not alone consider the simple cnit of the fabric in 
oeterminiTig upon its proportions, but must also have regard to 
l/uOt on account of the greater resistance to the wind, and the 
greater expense for freight and painting. 

TabU of the valutt of "a" for Tki and StraU one foot long utbjected to 
a iporking stre** of otu ton. 



1 ^ . . 


when eoit 


a when UKight 


a When bulk 


1 Material, fcc. 


U aloae 


ia nloae 


it alODD 


P 


ooisidored. 


oonsidetwl. 


oaQiidnred, 


Ttas. 


£ Sterling. 


Tom. 


Cubic Feet. 


yronght Iron 

JTireRope 


0-0060 


0-00030 


0-0014 


0'0075 


o-oooia 


0-0009 


■sel ... . . 


O'OOfiO 


0-0001 2 


0-0006 


Kaps ... 


0-0O90 


0-00030 


0-0104 


[^limber 


0-0013 


0-00017 


0-0104 


»«I«« 


o-oioo 


o-ooioo 


0-0046 


Stbcth. 








Cast Iron, flxort 


0'0014 


0-00014 


0-0007 


l^Do. 20 diAiuetere in length ... 


0-0035 


0-00035 


O-0018 


ITtougbt Iron, short 


0-0076 


0-0(i03il 


O'OOIS 


Do. 20 diaiutiters in length ...i 


O-OlOO 


<]• 00050 


0-0023 


HrTimber .. 


0-002(J 


0-00035 


0-0210 


Dw. 20 diiuueters ia length ... 


O'OOIO 


0-00053 


0316 


brickwork of moderate height . . . 


O'OOSO 


0-00700 


0-1400 


Onuiite ditto 

b. _ , . 


0-0042 


0-00105 


0-0140 



Again, the values of a given in the table are for the simple tie 
or strut without any addition for those joints and extra stiffening 
framings which t)ari/ with the length and stress of the piece. The 
correct value a, to be used in the formulae must be made to in- 
clude an allowance for all such added parts. Those parts which, 
do not so vary, but are of a fixed amount, do not affect the ques- 
tion of economic proportions, and are therefore excluded from 
the calculations. 

2. — ^The standard of merit, in an economic eenae, of any mate- 
rial when it has to resist longitudinal stress, or in other words, 
its relative value in framed constructions when it has to act as a 



And if in a strat or 



strut or a tie, wiU be represented by — 

tie the total stress be represented by P, and the length by L, then 
the total cost or weight or bulk (whichever may be denoted by a), 
of the one strut or tie, in so &r as that affects the eoonomic angles, .^ 
will be=A=PLo. 

Now, the object sought in the following investigations is to re- 
duce the sum, which we may put ^A, of all the vjJuea of a for 
the several parts of a structure, to a minimum. 

A^Aj-UAj-hAj &c=PjLiO,-(-PjLjOj-HPjL,a, &c 

3. — ^To show more clearly the use of the table and symbols, let 
us take the example, Fig. 1, where to is a weight of 10 tons, sup- 

t)orted by the mutual action of the wroiight-iron tie we 10 feet 
ong, and the timber (fir) strut wb. The comI alone to be considered, 
ami all parts beyond the points to, i;, and 6, to be constant, and 
therefore not taken into account in the calculation of the economic 
value of the angle fi. 

By the table we find the value of a^ for the iron tie=j£0'000, 
also, Oj for the strut = .£0.004. Now (in Art 9 following) we have 
this formula for the value of angle 



taQ/3 






substituting the above values of a, and a, we get angle ff=S7° 41'. 

and a=32° W :. 
Stress on strut v6=:w sec a=ll.S8 tons, length of to6=10, aeo /9=18'71 
Sti«e8 on tie wc=totAna= 6 33 tons. Ilierefore, 



_ ( A,=P,Lia,= 6-33x10 x0-006= 
) 4-A,= 



SlSh^'-"" 



;P2l4a,=ll-63x 18-71 xO-004; 

Of course the total cost would require an addition to be made to 
this to cover the expense of fixing in the wall, the ends, and the 
connection at w; but this is not the subject of calculation here. 

Should some other value than 67° 41' be intixtcd on for the 
angle $, a more or lest augmented value of A would result, aa < 
shown in this table : — 

1 
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66' 0' 
67* 41' 
46° 0' 

80° 0' 



Cott, or A. 
1-324 
1-265 
1-400 
1-963 



tan^: 



v; 



««+«« 



4, — ^Let abed, Kg. 2, be the whole, or the half of a framing, and 
let its duty be to support the weight ». oA is a horizontal strot, 
dc a horizontal tie, be a strat inclined at an angle = ^ to the tie 
(fe, and &to is a vertical tie or suspension rod. 
Let the values of a for dc, ab, bw and be be respectively ^ a^AjA,, a^ 



And when Ot^Of, this becomes 



tan^: 



««+08 




(5) 



(6) 



Let the values of a for the same 
Then we have : 

Ai=tt cot 



be 



= «i'V»«* 






—w cot 



<f>X(m-{-n) .Oi 

^X m .a, 

Xntan<^.a, 

+A|=to cosect^Xn sec <|>.a^ 

Dividing by w, differentiating, dividing by d<j), patting the result 
^0 for a minimum, and transposing, we get 

8in*0 coeFtj} 



And if tn=^n, and 0^=0^, (^=40° 54' as in i^g. 8. 
„ tn= 0, and a^=a^ 0=35° 16" as in Fig. 9. 
When the framing is deprived of both the ties de and bw, for- 
mula (1) becomes 



V n a. ^ 



whence 



And if m=2n, and 0,= 204, 0=66° 
„ fn=hn, and Oj^O'Soj, 0=49° 
And when «|=a^ the rormola becomes 



*5' 

48', 



taa ^ -/\/^ (ai+02)+ai+«4 



tan0 



(1) 



=V: 



+1 



... (7) 



(8) 



Os+a* 



When for both ties is the same, we may substitate o^ for a,; and 
when a for the two struts is the same, we may substitute a, for 04. 




which is identical with (2). 

And when m=^n, 0=60° 46* as in Jig. 10, 
„ ra= 0, 0=45° 0' as in Fig. 11. 

5. — If upon the same base line, having a length = 2 (m+n), we 
draw a series of frames given by the formula (2) of Art 4, with 
a variety of values of m and n, we get such a combination as is 
shown in Fig. 12. 

■Now it is evident that the curves Fbfijb^, &&, and Qb^b^, &e., 
forming the locus of the point ft, are such that if n be bJcen to 



/\A 



m 




Fig.l. 

When such is the case, we have 



tan 0: 



VI 



+1 



(2) 



And if m= n, 0=54° 44' as in Fig. 3 
„ »i=ii», 0=50° 46' as in Fig. 4 
„ ro= 0, 0=45° 0' as in Fig. 6 
When the framing is deprived of the tie bw, the weight 10 being 



6. 7. 8. e. 10. u. 

represent the absdssa Pw, then the ordinate bjto will be=n tan0, 

but by formula (2) this = »^ /^i?, squaring this and di- 
viding by the abscissa n, we get m-^-n, or ^PQ. The curves are 
therefore parabolas having parameters =: m-^n, and their apicea 
at P and Q. From formula (1) we get the parameter for th& 
more general case 




then imposed at the point b, formula (1) becomes 
tan = A/^(ai+«a)+«i+«» 

And if Of be takenrro^, this becomes : 



(1) 



tan0=^(^+l).(:-+l) 



(3) 



(4) 



_ m(ai-fag)-t-n(ai4- a4) 

«4+<»3 

And the parameter for any particular case ia obtained by squar- 
ing the expression for tan and multiplying by n. Thus in the 



case 



And if m= n, and 0^= Sj, 0=63° 26' 
m=in, „ ai=2aj, 0=64" 46' 
tn=ln, „ ai= a^ 0=60° 0' as in Fig. 6. 
m=|n, „ ai=iap 0=S6° 19' 
m= 0, „ 0,= Oj, 0=54" 44'"a8 in Fig. 7. 
ra= 0, „ ai=|aj, 0=50° 46' 



having formula (4), the parameter =(m-f n).( — + lit and 
. a, / 

when 01=02, this becomes = PQ, according to which Hg. 13 is 
drawn. 



The equation (6) gives parabolas having parameters = 11^ 

— .* 

and when 03=04, this becomes = iPQ, according to which Fig. 

14 is drawn. Tlie equation (8) has the corresponding parameter 
When the framing ia deprived of the tie dc, formula (1) =»»+»= iPQ, as in Fig, 15. 
becomes 6. — When the structure shown by Fig. 2 is inverted, it becomes 



AW.1.U6I1 
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that shown by ilg. 16; and Uia ties and Bfarato ara respectively 
cbanged into atrats and ties. 

All the formnln already pren might stand as they are, and be 
applicable to this new arrangemeat, if we changed the applica- 
tion of the symbols OjO^^ and a^, for instance, making a^ not the 
valae of a for the tie de in Fig. 2, bat its valoe for the strat de in 
Hg. 18. It will, however, be better to retain the symbols OiOfi^ 
Ac. for the values of a for ties, and a/^^a. &c. for struts. Ana 
all the change required in the formuln will be the substitution of 



(«i-KpM-<1i+«i9^ dE+2aiBpdp-\-2a^qdg = 0. 
I«t q be constant, and we have (p+q)dR-\-lBdp = 0, 
, rfH H 

whence -^= -^ and iai+ajJ»+af^a^B.-\-ia^iapdf=0, 

whence !?=_ ^^^ 

dp <h+«lP*+«2+08«** 

H ioipH 



therefore — ;— = 

p+q 







whence 




5 



for Oi, a^ for a„ and vice vend. We now then have the values 
a for ab, dc, be, and bw respectively, equal to a^, 



2aiP (p+q) = Oi+o,o»+aj+o^, 



oi a lor ao, ac, oc, aaa ou> respectively, equal to a,, o», Og, . ., , « 7 , x , , ■ ■ . 

and a„ for tbese parte the values of a will also be respectively as """^l^ly ^^ (3+P) = Oi+aiP^+«s+«!ir 

for fig. 



A3, and A^. And the general formula (1) of Art 4 becomes 
g. 18 



' = £'' 






(1) 



Oll' = 029. 

Substituting this value for q in formula (3), we get 

P = A / -*> and similarly q= ^ / ^ 
V Oi ^ a. 



...(3 
... (4) 

... (6) 




18. 



19. 



30. 



And when oi^^Oj, and Ofr^Of, this becomes 

**°*=a/?+^ 

And if m= n, ^=64° 44' as in Fig. 19. 
„ Tn=^, <f>=50° 46' as in Fig. 20. 
„ m= 0, ^=46" 0' as in Fig. 21. 
The more general formula for fig. 21 is 



(2) 



ss. ss. 

We further have a+j3=90''. 

If Oi= 



34. 



86. 



"1=1 S*** 



j3=35'' 16' 
/8=39<' 14' 
/3=60<' 46' 
)3=54'» 44' 



tan^ 






(3) 

Making similar changes in the other formulie, we obtain the 
particulars for such framings as Ficfs. 22 to 28. In Fig. 26, a^ 
tor the upright pieces is assumed three times greater than a for 
each of the other parts. 



8. — When the strut is made horizontal, q becomes =: 0; making 
this change in (3) of Art 7, we get 

P= a/£i±1« for Pig. 30. 

If Oi=Joj, angle a=60° 0' 
» Oi= oj, ,, «=64» 44' 
„ o,=2o3, „ a=50' 46* 

S.—When the tie of Fig. 29 is made horizontal, p becomes=0, 




7. — Given the bracket arrangement, Fig. 29, consisting of a 
tie aw, and a strut toft, to support a weight suspended from the 
point w at a pven distance cw from the wall ab ; required the 
values of the angles a and /3 which will render A a minimum. 

The horizontal component of the strain in aw will be equal to 
the horizontal component of the strain in wb: let this = H. The 
vertical components of the strains in aw and wb will be respectively 
=H tan a, and H tan ^. Let p = tan a, and 9 = tan ^, then 

The weight w = H (tan a + tan^) = H (p+q) (1) 

A( A,=:H seca.eioseca.a,) rr — / > 1 «m 

J , TT r» — at =H ew (a, sec* a 4- a. sec* 5) 
t +A,=H sec ^ . cw sec 3 . a, 5 ^^ ^ ^ ' 

Sec» a = 1 + tan* a= l+p«, and sec» /3 = l-|-5«. 

Substituting these values, and omitting ew as not affecting the 
question, we have 

AoH (eh+'hP'-K+arf^ (2) 

Differratiating (1), and putting it=0, as not being variably 

(p+q) dR+Kdp+Hdq=0, 
DifBwentiatiog (2^ and putting it = for a minimum, 



ST. J8. 

and equation (4) of Art 7 becomes 

9=y/Sir for Kg. 31. 

10. — When p or j has a given fixed value=pj or q^, the value 
of the other, obtained from equations (4) or (3) of Art 7, will be 
as follows: 



■Vc+s) 



(l+9'i)-ft 



'=a/('+^) 



(i+p'i)-;'! 



11. — Given a weight w (Fig. 32) to be suspended by the two ties 
Cw and Dw from the parallel walls CA and DR Required the 
angles a and /3 which will render a^+a, for C»+Dw a minimum. 

The following is an amplification of an unpuUished solution of 
this problem by Mr. Sang of Edinburgh: — 

LetAtc=t», Bw=»i, tan a=p, tan^=9, H= horizontal com- 



ponent of stress in Cw or Dw, 
and Dw. 



a. and a,=the values of a for Cw 
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. __ ( AjssHseca .fiiseoa.ai=HajmMO^ ) =3H(«jffl+aiff»' 
Differentiating the valoee of A and «, we set 




When fn=^ and o^^,, potting m-f n=l, ve have AC=0^8y 
and BD=0-306 (see Fig. 33). When we make one of the partly 
aay Cw, h(HiBontal, p Moomes=0, and the fonnola (2) of Art. 11 
beoomee, after redootion, and making the neoeeaaty chai^;ea in 

the valaes of a, 0|iij» = o^-fa^n; .*. }= * /" . ^- + 1, ai 

previoTuIy obtained, aee (7) of Art. 4. And when any fixed valoe 





Making q constant, we get 
From the first ^ =- 



JHaitap 



H 

dp ~~ p-[-q 



From the second -r- ^— 



(1) 



is assigned to p or 9, the economic valae of the other will be ob- 
tained by sabBtitating the assigned valae in formula (2) or (1) of 
Art 11 respectively. 

13. — We will finish with this subject for the present by taking 
the example of a rigid suspension bridge, Fig. 36 . 

Let it be wholly of wronght-iron, and of soch moderate span 
that the whole strain-producing load may be considered as con- 




nmilarly, 



M. S6. 

.. «i'np=asnj, and?=^p 



(2) 
(3) 



(4) 



Substituting this value for q in equation (I), and redudng, we get 

P= A / —5— , and similarly «= a / — — 
V fliWi ^ ' 'V a,» 

AC=mp= . /^^ BD=no=^ /^l 

When 01=05, then AC=V»»»=BD, p=j^l. , g= W^^ 

and as m : AC or BD=AC : n, the angle CtcD is a right angle, 
so that i the points C and D be fixed, the locus of the point w 
will be a semicircle, as in Fig. 34. 



AC=BD^ (6) 



oentrated at the level of the roadway ; let cott be the form in 
which the value of a is to be considered (the material being 
already determined upon). 

Now this structure is simply a combination of framings such 
as shown by Fig. 21. It could indeed be constructed with fram- 
ings of this form made to act independently of one another, ex- 
cept where the extremity of one frame transfers half the load to 
the centre of another of larger size. To obtain the general 
economic angle therefore, we mast take the general formuu (3) of 
Art 6 for the Fig. 21, but in assigning the values of a, we must 
duly regard the circumstances of the complete stractoie 

tan <j)s 

a, for all the ties may be taken from the table with only a slight 
addition to cover the expense of forgings, joints, &&, say 0,= 




And if the positions of to be confined to the same horizontal 
line, the parts will be arranged as in Fig. 35, the height of the 

Joints C and D being determined by the line to£ drawn to the 
otted semicircle. 

12. — When the character of the arrangement in Fig. 32 is re- 
versed, as shown by Fig. 33, the ties being converted into struts, 
the same conclusions are arrived at with the substitution of a, and 
a^ for Oj and 03. There will however here be greater probability of 
a difiierence in the two values of a. When 02=0^ we have the 
structure regulated by the semicircle, as in Fig. 36. 



£0-0066: a, for the horizontal top piece we will set down at 
^'0080; it mav be remarked that we exclude from this any con- 
sideration of the horizontal bracing, and the additional material 
to be added to the top to bear the transverse action of the road- 
way, as these are constant, and do not effect the value of 1^. But 
a^ for the upright struts must be liberally dealt witii, and most 
be taken to include the transverse bracing to stiffen tiiem; let Om 
therefore =£0*0160. We now then have 



tan if> 



Wi 



■0066+-01fi0^®*^ 



0=39*' 26', 



UIKt] 
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If the above values of a, and a, be retained and 

a, be made =<>0200, the angle <^=36'' 33' 
a^ „ =00240, „ 0=34° 38' 
tf, „ =0.0320, „ <^rr31* 36' 

a^ „ =00372, „ ^=30" O' 

The last value, 0-0372, jriven above for a^ is 4-65 titaea that 
•Migned to a, for the top piece; there cau be little doubt, there* 
fcre that such a value of a^ is in excess, yet with this value the 
oeoDOiuic angle ia still so great as 30°. Fig. 36, which Ib drawn 
with 0=30°, would be very generally pronounced as having far 
loo great a depth iu proportion to the span; the eye in thia being 
misled by the commonness of the error committed by engioeera 
when dealing with bridges of openwork coustruction, of makiug 
the depth too smaLL On this subject see vol. for 1856 of thia 
Journal, p. 23G. 

To exhibit the increase of material in the structure, Fig. 38, 
(exclusive of the tranaverae girvlers, &c. of the roadway platform, 
and the horizontal bracing) which aceompanies a wruug value of 
0, let US take a4^)024=3aj,; the corresponding economic value 
of 0=34° 38', then by assuming other values for 0, and calcn- 
latiDg the corredpondiug value of A by the formula in Art. 4 
properly moilitie^l, 

A-^cot 0aj -f- oosec 0. sec 0a, 4" t&D ^v 
we get the proportionate results given in this table : 



Value of 


BtMui ditrldod 
by D«ptli. 


ProportiookU 
V«lae of A. 


9' 


U' 88' 


S-895 


100-00 


»)• 0' 


3-464 


101-61 


2fi" 0' 


4-289 


107 -82 


20» 0' 


5-495 


121-24 


15* 0' 


7'4«4 


148-29 


10' 0' 


11- 342 


208-03 



lie liicreaae shown in the table gives a very inadeqnate idea 
of the extremely rapid increase on the value of A in the case of 
abridge of great span, when the weight of the stmcture itself is 
taken into consideration, and becomes the chief part of the load. 

E. H. B. 



VENTILATION OF DWELLINGS AND HOSPITAI^. 
(Continwd from jnge 826, vcl. xxiv.) 

Thus far all the examplen we have given are of what is termed 
'natural " ventilation, that is to say, ventilation so arranged aa to 
depend for its motive power solely on the expansion and oonse- 
qoent increase in lightneaaof the atmosphere when taised in tern- 
peratare. The atmosphere around us is always, save under cir- 
comstaDces of unbearable heat, at a temperature mnch below 
that of the human body; consequently, air which has been taken 
into the lungs leaves the mouth, nnder ordinary circumstances, 
at a much higher temperature than that of the atmosphere into 
which it is discharged; the time during which it remains iu the 
»ir pasaagee and lungs being aalficient to allow of its being raised 
to a heat approaching blood-heaL 

The expired air, commonly known as " the producta of reapi- 
x»tion/' is iu a very dilfereut condition in other renpecta, as well 
aa in tempenaure, from that in which it entered the body, It is 
■aturateil with water, has lost a portion of its oxygen, is charged 
with carbonic acid, and is unfit if re-inhaled to support health, 
while if respired a few times it would become unfit even to sup- 
port life. These chaogoa In quality furnish the reasons why it is 
il^.lmlil« the expireil air should rapidly be removed from the 
• hood of the person who has breathed it. The change 
rituie is the circumstance which nature has so arranged 
ma to utford, uuder ordinary conditions of atmosphere, a safe and 
Oertaiu lueaua of effecting this removal, 

In the open air, then, the breath (or the heated products of 
reapiration) on leaving the mouth, rapidly ascends to a considerable 
height, and only parts with its excess of caloric at such a distance 
frwin the earth thiit it ia quite out of the reach of human respi- 
ralloo. In a room perfectly closed the expired air, gases, and 
motaliire ascend to the ceiling, where, finding no outlet, Ihoy 
'lally cool — the %iliatedair by degrees sinking down into and 
ling with the surroujiding atmosphere, the sn]>er-abuudHUt 

' ' condensed iu the form of a dense dew upon all the 

co<'l the apartment. 

Ill . ..... . ,.; ui*hed with any of the appliances described iu our 



former article, the vitiated air ascends to tbe ceiling, and there 
finds an outletcbannel,ap which its own rarity causes ittoascen<L 
while in many cases (sucu aa that of openings into chimney fluM; 
an already existing upward current stimulates tbe epoatsoeoiis 
action of the heated air; a second opening being in all cases provided 
which will afford an adequate supply of air to replace the amount 
drawn out 

Th is then is a brief account of tbe nature of natural ventilation, 
and it will be perceived that two things are eaaential to it. The 
first being an exit at the upper part of the room — the second being 
an indefiendeut source for the supply of air. 

That ordinary rooms in ordinary English dwelling-houses are 
not constantly overloaded with vitiated air is, we believe, due to 
the circumstance that a "natural ventilation" of a rough sort 
exists iu them. The interstices between the lloor boards, the 
joints of our windows, and the openings round our doors, supply 
the inlet channels — the upper part of the space over the fire 
opening forms the outlet. It is true that thia outlet is not near 
the ceiling, and the pnxlucts of respiration, after ascending to tbe 
ceiling, have to cool, and to descend towards the floor, mixing as 
they go with the unvjtiated air in the room, and passing the level 
of the mouths of the inmates, before they can posHibly rea<.-b 
the tire-place, but still a fair proportion of these products of 
reapimtion do perform thia circuitous journey, and do actually 
escape up the chimney; and thus it ia that a common open fire 

Eromotes so much the purity of the air of a room- It seems clear, 
owever, that an opening at the level of tbe ceiling, especially if 
the channel into which it leads be in some way excited by the 
improved current in the chimney flue, or be itself that flue, will 
discharge the vitiated air more completely, and do the office of 
a ventilating outlet more perfectly, than any chimney opening. 
Upon thia then all good practice in ventilating ordinary rooms 
ujKin natural principles agrees — namely, the propriety of an outlet 
at the upper [>art of the room. 

On the question of inlets both opinions and practice differ. There 
can be no doubt that tbe place where the fresh air might most 
naturally beiutroduced is nearihe floor.and here acconlingly it has 
often beenatterapted to bring it in, but there are practical difbcul- 
tiesin the way of any introduction of fresh air at or near the floor, 
which seem formidable. We are all aware bow much annoyance is 
occasioned by the currents entering at the self-constituted inlet- 
channels to which we have referred — the crevices at and about 
tbe windows and doors of an ordinary room; how in cold 
weather the occupants complain of draughts, and how sedulously 
they stop up to the best of their ability every ixdet for fresh air. 
Now it ia hardly possible to devise any inlet at or near the ground 
level from which a current of air will not be perceptible, and from 
which, con.sequently, inconvenience will not be felt. The inlets 
recommended by the Barrack and Hospital C'ommiasioners, whose 
report we have referred to, are accordingly placed near tbe upper 
part of the rooms, and at a considerable diat&noe from the outlets, 
so that the entering current may have time and opportunity to 
mingle with the air in the room, may almost imjaerceptibly de- 
scend into the general aimuspbcre, and may gently mix with it, 

To secure that the iufiuxof air shall be imperceptible ia to secure 
that it shall remain unchecked — and aa evena Sheringham valve, 
orsuch aventilator as we figured at page 324, is sometimes found to 
produce a sensible draught, we think the beat plan yet proposed for 
inlets is that of Mr. Varley, already described, by which the in- 
coming current is filtered through a large aurface of perforations. 
It is also worth notice that a larger area given to the inlet will 
dimiidsh draught, that is, will diminish the sensible rapidity with 
which air enters an apartment. Under no circumstances will the 
inlet admit more air than the ontlet can carry off. If, therefore, 
tbe size of tbe latter be properly regulatsd, the former may safely 
be made pretty large. 

It has been proposed to ufarm the air atlmitted into rwjma 
before its admission, and several very ingenious methods of doing 
this exist; perhaps the best, as well aa one of the most recently iu- 
troducetl, is a new stove, the invention of Mr. Taylor, in which 
air for the supply of the room enters through chambers of fire- 
clay which surround the grate. 

Plans for introducing warmed air generally fail in avoiding the 
inconvenience of draught, for the air is not introduced, or at least 
ought not to be 80, at a temperature at all approaching blood- 
heat, and consequently if thrown in a jet or current against any 
part of a human body, it, warm though it be, abstracts heat, and 
causes a sensation of cold, which ia increased if it be at the Sfiiiie 
time abstracting moistuie. Cousec^ueutly it aeema clciQ.t <.\\«>\. 
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even an inlet for warmed ^r otight to be carefully placed, so that 
the cuiTent admitted bj it aball not be directed against any occu- 
pant of the room ; and this being secured, an inlet for moderately 
warmed air seems in everyway more desirable than one admitting 
air at a temperature much below the general warmth of a com- 
fortable room. 

Before leaving the subject of outlets and inlets, it may be right 
to revert to a simple method of introducing external air, which 
has been employed with good results in large rooms, such aa 
aobools, &C. 

The air has been allowed to paaa in through channels or aper- 
tarea at the level of the floor, but in pluce of being allowed at 
that level to mingle with the air of the room, it enters vertical 
trunks of planed deal, some five or six feet high, and fixed 
against the wall. In these trunks it acquires an ascending direc- 
tion, and leaving them at a level with, or rather above the heads 
of the occupants of the apartment, it mingles with the air of the 
room, and desoenda to the breathing level so fai- dispersed as not 
to be perceptible in the form of draught 
{To he continued.) 



THE PATENT LAWS OF AMERICA. 

Thb publication of the Annual Report of the Commissioner of 
Patents of the United Stales affords an opportunity of com- 
paring the operation of the patent LiWs in America with those of 
England. 

The form of the report presents a striking difference from the 
brief statement annually laid before parliament by the Com- 
miflsionera of Patents in this country. It cansists of two thick 
octavo volumes, one of them being entirely filled with engravings, 
and the other containing nearly 900 pages of closely -printed 
matter. The importance attached to this yearly report of the 
progress of invention in the United States is shown by the order 
of Oongi-ess for printing 10,000 copies of it for the use of the 
patent office, and 40,0<1<J for the use of the members of the house 
of representatives. The preparation of a work of this kind 
requires no small labour, and it is not usually published until 
upwards of twelve months after the date of the' year to which it 
refers. The report which has recently reached us is for the year 
18j9, before the breaking out of the internal convulsion that has 
now put a stop to improvements in manufacturing art«, but up to 
that period it exhibits an astonishing increase in the number of 
patented inventions compared with the years preceding. 

So far as the activity of inventive genius may bo considered a 
criterion of the activity of trade and manufactures, the commer- 
cial industry of the United Stjites had progressed in a prodigious 
ratio, for whilst the number of patents issued in 1853 was only 
956, in 1858 it had increased to 3710; and in the year to which 
the report refers no leas than 4538 patents were issued. Nor do 
these numbers indicate by any means all the ckims for new 
inventions, for it is the practice in the United Sutes to submit 
all such claims to a preliminary examination, and in some yeai's 
the number of applications for patents doubled, and even trebled, 
the number of patents gninted. The practice in England is to 
grant patents to all applicants who pay the fees, the exceptions 
to the rule being so few as to be insignificant, and had the same 
practice prevailed in the United States the number of patents 
;ssued in 1859 would have been, at the least, 6CH)0, or nearly 
double the number granted in this country. The greater num- 
ber of patents applied for in the United States is, no doubt, 
principally owing to the comparatively small sum for which they 
can be obtained, whicli does not amount to one-twelfth part the 
sum that a monopty for fourteen years can be procured in Eng- 
land. Nevertheless, though the work in the American patent 
office must greatly exceed that of the pitent office in Eng- 
land, in consequence of the preliminary examination of the 
inventors' claims, the receipts considerably exceed the expendi- 
ture, and in lti5'J there waa a balance of 35,(J64 doUara paid into 
the treasory. 

The Commiasioner'a report specifies separately the number of 
patents issued to the subjects of the various states which, in 
1839, constituted the Union, from which sojqo idea may be formed 
of their relative manufacturing enterprise. New York is far 
above the rest, the number granted to the citi7.en9 in that state 
being 1237; Pennsylvania ranks next, with 53J ; then comes 
Maasacbuaetts, with 492 ; Ohio, 390 ; and ConneiHicut, with 256. 
In the Soathern States tlie numbers aie companitively few, those 



issued to the citizens of Virginia amounting to 65 ; to South 
Carolina, 15 ; whilst in Florida and Oregon there was only one 
patent issued in each state. An account is also rendered of tha 
subjects of foreign states to whom patents have been granted, 
from which it appears that British subjects obLiined 23; those of 
France, 16; and the subjects of all other foreign govemmeDts 
only 8. 

Of the 4538 patented inventions in 1859, one-tenth part was 
for improvements in apparatus connected with agriculture ; 
among which were 93 "harvesters," 61 "corn planters," 66 
ploughs, 47 " cultivators," 22 " corn shellers," and 36 " seeding 
machines." Articles of domestic economy wei'e abundant ; ana 
though it might be supposed there waa previously a sufficient 
number of American churns, sewing-machines, stoves, and 
washing-machines in the market, a great number of each waa 
considered by the examiners of inventions to possess suffi- 
cient novelty to warrant the grant of separate monopolies. 
Thus, in that one year there were added to the stock of patented 
inventions 57 new kinds of washing machines, 80 sewing machines, 
and 37 churns. Among the warlike inventions, 42 varieties of 
tire-arms were patented, including 12 new kinds of revolvers, and 
there were added to the number of destructive weapons two 
"centrifugal guns." Some of the inventions are for objects 
peculiarly American or tropical, such as " stump extractors," 
cotton-^ns, four kinds of " automatic fans," and tobacco presses ; 
and, to judge from the fact that there were nine kiuda of " burglar^ 
alarms' patented in 1859, it must be presumed that burglary is 
very prevalent iu the United States. 

The want of a preliminary examination of the claims of in- 
ventors is the crying evil of the patent laws of Eoglaad, and it 
may be assumed, from the great number of patents issued in 
America for inventions having the same title, that the examina- 
tiou is not conducted there very rigidly. Indeed, the Com- 
missioner admits that, in consc<iuence of the great pressure of 
claims to be examined, and of the deficiency in the number of 
examiners, sufficient care was not given to the exjuuination. 

Another evil of our patent laws is the precarious nature of the 
protection which letters patent affonl, If an invention prove 
profitable, the patent is generally infringed citlier directly or in- 
directly; and among the great number ot protected inventions for 
effecting the same, or nearly the same objects, it ia often very diffi- 
cult to deteriniue whether there is sufficient novelty iu any one 
that may be disputed to give it a claim to be protected. Tha 
difficulty and the cost of establishing a claim in England tempt 
the invasion of patent rights, and an invention may be pirated 
because the true inventor cannot afford to be at the expense of 
defending it This is a great grievance, of which English paten- 
tees have good reason to complain; but in America patent pro* 
perty is still more insecure, because it is exposed to fraudulent 
attacks that may deprive an inventor of his rights by the ad- 
mission of prior claims to the "idea" of an invention. The 
original inveutor, within the meaning of the patent law ia 
America, is the person who first conceived the idea of the inven- 
tion, and the admission of claims so vague opens the door wide to 
perjury and frauds. Even in ordinary coui-se of the law, without 
assuming the adoption of such practices, great injustice ia fre- 
quently practised. One man may conceive an invention, and 
years may elapse before he renders it practicable, and iu the 
meantime another, conceiving the same invention, may reduce it 
to practice, and obtain letters patent for it before the first 
inveutor has ever made a drawing or given any description of it. 
The first but tardy inventor, observes the Commissioner, by tha 
aid of the very working machine of his more diligent rival, may 
finally succeed in reducing his invention to practice, and then 
obtain a patent for the sume device, and thus render the well- 
earned property of the other perfectly worthless. The injury 
tlius done to the true inventor by the preference of prior claims 
to the idea of an invention is often augmented by the absence of 
any provision to secure the testimony of witnesses in contested 
cases. Many persons whose evidence is of importance in such 
cases, knowing that they cannot be compelled to testify, either 
decline to appear as witnesses at all, or govern their conduct by 
the money offered by the contesting parties. " The result of this 
is, that iu such cases the poor ai*e completely in the power of the 
rich, the weak iu the hands of the strong." Defective as are the 
present patent laws of England, they will bear favourable com- 
parison with such a perversion of justice as may be thus per- 
petrated tmder the patent laws of the United Stales of America. 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



HIS LATE ROYAL HIGETNESS THE PRINCE CONSORT. 

Skldom if ever in the history of this or of iiny conntry has any 
eaUmity of a public character seemed to each iudividual to boar 
to mQob the nature of a peraoual sorrow, as that sad and sudden 
•rent which it it is here our p.auifnl doty to recurd. TJie surprise 
and bewilderment of so unexpected a blow aa the removal of the 
Prinoe Ci.>ysort by sudden death has been fell by us all much us 
it woald have beien had death entered our own family cirule; and 
w© have hardly yet had time to take account of the loss to the 
ooanttT from a public |niint of view. That this has been the case 
is the highest leatimouy that could be borne to the personal worth 
of the Prince, to thet-vet with which he comprehended and dia- 
ebarged the requiremeuta of a most difficult social position, and 
lo the admirable way in which he has headed that domestic circle, 
till DOW onbrokeu, upon which every Englishnian and Euglish- 
vom&u has learned to look with mingled feelings of interest, 
affection, and pride. 

The Prince possessed in an eminent degree the qualities of a 
true English gentleman, and as such, we, the most jealous nation 
of Europe, learned to respect him, forgetting — and this we ordi- 
ftanly never forget — his birth beyond our own shores, and 
remembering only his unobtrusive conrteay, his unaffected 
interest in everything English which it was his duly to under- 
tftke or to support, and his loyal abstinence from all which circum- 
it&aces rendered it undesirable he should engage in. The career 
of the Prince was singularly uuoatentatioua; be abstained uni- 
formly from any public share in political matters; and he avoidwl, 
vitb a sagacity and a constancy due to a rare prudence and a good 
heart, all the numberless risks which seem to beset one so 
ntoated. It is only now that we have been led to consider for 
oarselves the real nature and difticultiea of his position, — fact-s 
of which hitherto no account has beeu taken, simply because the 
whole life of the Prince h»is been at once so natural and so unvaried 
that no one seemed able to suspect that it could have been — might 
easDy have been different. To this personal eioellence, and this un- 
swerving discharse of a difficult duty, the present universal 
•orrow ia a nation's tribute. 

The loss which the arts and sciences of this conntry have suf- 
fered by the death of the Prince will not be at once comprehended; 
fte benefit which they have derived from the exertions of his 
life will not be soon appreciated; it is, however, peculiarly 
appropriate for a journal devoted to those subjects whicli are 
pre-eminently cognate with the arts of peace to draw attention to 
the share which His Royal Hi;^hues3 baa taken in stimulating the 
manufacturing, artistic, and in<iu8trial progress of this country. 

Personally accomplished and practically familiar with literature, 
science, and art, the Prince was well prepxu-ed on coming to this 
country to take an exact account of our internal position, and to 
Me in what directions aid could be given with advantage, and in 
what quarters it was needless. Well acquainted as he was with 
mechanical science, he must have early convinced himself that 
many of the staple branches of our industry were loo perfectly 
understood and too thoroughly carried out to call for interference. 
Accordingly, the fii-st, or almost the first subjects to which lie 
devoted hia time and the support of his influence were precisely 
those whore we were most deticient, and where the influence of 
high position and the sanction of royalty might be expected to 
be of valne — we allude to farming and cottage improvement. 
The model farm established by the Prince gave an impulse to that 
movement in favour of improved agriculture which is one of the 
iDOflt valuable of the present day; and the cottages built for the 
Prince near Windsor, and those subsequently designed for him, 
•od exhibited in 18S1, ware equally valuable, as aiding, and that 
too at an early day, the important movement, only yet in its in- 
fiuicy, for the improvement of the dwellings of the poor. 

How heartily the Prince concurred in the idea of the Great 
Exhibition of 1851, if indeed that idea was not actually origi- 
nated by him, is well known. He acted as President of the Royal 
Commission which had the charge of that undertaking, and it 
was admitted by those who had tlie best opportunities of judging 
that, much as the Exhibition was indebted to the position and 
iaflucnoe of the Prince, ho was even more valimble aa a thoroughly 
efficient working head, well informed upon every subject that had 
to be considered, and busineas-iike to an extraordinary degree in 
his conduct of aifaira. 

It is probable that one of the objects which the Prince bad in 
Tiew in promoting the Exhibition was to bring before English 
maoufketarers objects of a similar nature to those they produced, 
bn( raperior in artistic merit. At any rate, from the year 18fil 



dates a vastly increased desire in this country for the introduction 
of genuine art into articles of ordinar)' manufacture. To f<.>8ter 
this desire and to promote its fulfilment was the constant aim of 
the Prince during the last ten years of hia life, and although his 
work in this respect is left unfinished, it has not on that account 
been barren of results. In a recent number of this Journal we had 
occasion to quote from on official docnineiit passages showing how 
reniiirkable a progreas, in the opinion of French manufacturers, 
the arts of design have made in this country; and how eNcellcut 
tliey considered that machinery for artistic education which has 
been here established; and we then took occasion to show how 
much of all this is due to the efforts of the late Prince. The forth- 
coming International Exhibition will no doubt exhibit the nature 
and extent of this progress most strikingly, and will give a new 
impulse to the work. It is a matter of heartfelt regret that he 
will be absent from this Exhibition who of all others would have 
taken the greatest intei'est in this undertaking, and to whom it 
would have afforded something of a public triumph, as it no deubt 
will bring with it that recognition of the vsdue and the success 
of unobtrusive but strenuous and persevering eflxirta to advance 
British art.s, nA connected with British manufactures, which the 
English public has hitherto been more slow to award than have 
continental nations. 

While, however, we deplore our loss, we do so with a regret not 
altogether unmixe<l. The death of a godly man, and such the 
Prince undoubtedly waa, is never a subject for unmixed sorrow; 
the completion of a happy, useful, prosperous career, safely closed 
before it had been overshadowed by disease, bereavement, or any 
of the hundred forms of tribulation which might have embittered 
declining years, or enfeebled prolonged life, is almost a subject of 
congratulation; and while deploring that the summer which rob- 
bed Europe of her greatest statesman has hardly chilled into winter 
ere England has been called to part with her greatest citizen, we 
cannot but feel gratefiU that, like Cavour, Prince Albert, if he left 
his work incomplete, was able to labour till the l.ast; that he fell at 
his post; that the image we shall ever retain of him will bens he 
was in his prime — and that the feeling which liis death aroused 
waa one of universal, unqualified regret. 



THE BUILDING FOR THE INTERNATIONAL 
EXHIBITION OF 1862. 
The rapid progress of thia building has been such that it is now 
possible on visiting the works to judge pretty clearly of the actual 
effect of arrangements which, when we first noticed the work, 
were entirely perspective. VVe gave in April of last year the 
plan and an elevation, and in November last two sections and a 
perspective view of the west and south front; the illustrations 
which accompany this notice exhibit the soath front and the in- 
terior of the nave or central passage. The greatest merit of the 
building is the remarkable cleamefla and simplicity of its plan. 
It rarely, if ever, occurs that a building of such vast size leaves 
HO siuipleand intelligible an impression upon the mind of a visitor 
aa the great structure now in progress at South Kensington. The 
main building occupies a space of ground forming a parallelo- 
gram, of which the sides have almost exactly twice the length of 
the ends — the greatest dimension being from east to west. The 

[licture gallery — a structure of brick — runs along the entire 
ength of the south side of this block, and parallel to it runs a 
great central passage or nave, having two transepts of similar 
width and height crossing it at the two ends; these main passages 
consequently Uikiug the fonn of an elongated I— I, as will be seen 
by reference to the plan in this Journal for April last. 

At the two points of intersection of the transepts and nave stand 
the two great domes of which so much has been said, these being 
roofed with glass, while the nave and transepts will have opaque 
roofs, but will receive light from a lofty glazed clerestory as sliowu 
in the accompanying interior view. The spacer north and south 
of the central passage or nave are roofed with glass in a very 
efiBcient manner; the roofs being at a level considerably lower than 
even the springing of the nave and transept roofs; and the dis- 
tance apart of the supports is such that an almost uninterrupted 
space will be obtained for exhibition purposes. To complete the 
description of the building as it now api^ears it Is only necessary 
to add — that to tlio north lies the great garden of the Horticul- 
tural Society, a quadrangle surrounded by arcades, and that, as 
this quadrangle is not of the full width of the plot of ground, two 
additions to the building, called "annexes," and forming sheds 
of great length in proporUon Ui VViftVt ■w\A\,Vv,«»NXsx«i'«Ti <j\x\i"ttsstf^- 
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wards, one from each tranoept, the gnnieus lying between them. 
In some reapecta the carryiug out is fully equal t<» the splendid 
Biniplicity of thia fine and comprehensive design, but in other 
re8|»ecls it falls very far short. Nothing can be more successfiil 
than the design of the light 
TToodea rfKif covering the an- 
nexes, or that of the more aolid 
roofiuguf the nave. The^'ene- 
niJ arrangetnent of the glass 
roofs Id the courts nortb and 
aouth of the navefi ib alao very 
good, and the diminishoJ 
immber of the points of sup- 
port is very much iu favour 
of this part of the pew build- 
ing as compared with the ori- 
giDalone; tliese courts i-e«em- 
ble a good deal the new and 
excellent roof of the Victoria 
Riiilw.ty Terminus. 

Tlje most uufevoumble con- 
trast, however, between the 
new buildiog and the original 
one, a contrast which the 
SydenhaojPalaceiDarksmore 
■trikingly, lies bctwiH?u the 
opaque covering of the nave 
roof at Kensington and the 
jflnas roofs of the two other 
buildings. There can be no 
f|ue8tiou that, well propor- 
tioue<l and well built as is the 
South Kensington nave, it 
looks at present depressed and 
dark to a degree which ia emi- 
neu t)y unsatisfactory ;.ind the 
idea atrggeslsi itself that a 
broad skyligh t along the ridge 
of the niwe (such as exists in 
the sniallur roofs of the an- 
nexes) would ntford a wonder- 
ful help to the artistic effect 
of this piirt of the building. 
The great flood of light which 
will |x»ur down through the 
domes, wlien they are fixed 
and the scalfolda struck, may 
redeem the central feature of 
the builditg from gloom, and ' 

will, without doubt, produce a magnificent and novel contnist of 
light aud shade on a bright day; but we think this will not atone 
f>u' the absence of that appajeutly boundless height to which we 
h.ive becojne accu.stumed iu the semicircular roof at Sydenham. 

The ironwork, though generally well designed, does not display 
the ^^>u.sllmnlate mechanical skill which marked Sir Charles Fox's 
w<irk at the Uyde-park building. The mode adopted of sup- 
porting the gilders by letting them rest on short brackets, or 
slubbs, cast on to tbc coluniuit, is one wLich seems at all times 




dangerons, but appears doubly so in a building where rapidity of 
erection is of such importance^ and the extent of which is so 
great, for it is hardly possible to secure a thorough inspection of 
every casting under such circumstances, and yet a single flaw in 

one of the little brackets we 
have referred to would be 
BufEcient to produce the 
most disastrous results. 

The exterior, too, does not 
show Biich a mastery over 
the best forms into which 
ctmimon brickwork and or- 
dinary roofing can be thrown 
as would have been desirable. 
We hear of a propostd for 
decorating portions of the 
outer walls with mosaics, 
aud an attempt has been 
made to introduce fresco. 
We trust neither of these 
pl.ans will be carrie<l out. 
One-tenth part of the cost 
of either of them expended 
on the brickwork as it was 
being carried up would have 
given nobility to whatisnow 
l>oor and meagre. Still, the 
exterior has the meritof sim- 
p>licily, and its east and west 
fronts seem to promise some- 
thing of dignity. Should 
either colouring or mosaic 
be introduced, the result will 
not be to add either beauty 
or richness; it will only be to 
destroy the simplicity which 
we admit to exist, and which 
in so gre«t a structure be- 
comes iu itself, throngh fre- 
quent repetition, something 
akin to nobleness. 

It is to be regretted that 
the building is placeil ao 
near the roa<i3 which sur- 
round it, aud that the ap- 
proaches are not more nu- 
merous and wider. The 
position of the building can- 
■' Nati. not (if coui^se now he altered, 

but the thoroughfares leadiug to it admit of improvement at 
coni|wirativBly small cost and little trouble. There is some 
grouud to hope, we believe, that the ro.adway in front of 
Biximpton-row will be widened ; and should the suggested 
thoroughfare across the jvirk be carried out, a gr-eat iMlditioa 
would be gained to the means of access to the Exhibition, and 
some portion of the inconvenience which must always attend the 
oollectiug together of large numbers of visitors to one spot wotild 
be obviated. 
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TO LAY OUT A RAILWAY CURVE 

By mearu of Ordinatet or Offsets in Rational Numbers from 
the Chord or Chords, without Calculatien or TtMes. 

By Olivkr Btrkk, Civil Engineer. 

LsT AC=100 links, each a foot in length; a 50-foot chain of , 
50 linka may be employed; then AB=BC=50 feet (see Fig. 1). 
AG=EI=lL=GJ=JM=LO=OR=MP=^c.=10 feet. Now, 
if aqoariog 5 be termeJ calculation, the heading of this article is 

TlQ. 1. 



a*-^- 




not ooirect; however, before any very extensive calcalation can 
be undertaken, the common multiplication table has to be com- 
mitted to memoiy, then it is known that 6 times 5=25; 

.-. 60X60=2500. 
The half of 2500 equals 1250, and the half of this is 625. These are 

Fic. J. 





E 


D 




y^f 




^^-^^ 


«^ 
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all the calculations to be made before setting down all the ordi- 
nates both inside and outside the circular arc ADC. 



BD=AE = CF= -^^ of a foot. 



R9 = /U= 



On=wXs= 



Lfc=«H = 



*I = Ko = 



6793 

60 
6793 

200 
6793 

460 
6793 

800 
6793 



Pj = S< = 



Mn=V« = 



1200 
6793 
1060 
6793 



Ti. V 800 

JAf = Y« = --— 

6793 



OA=Za: 



460 



6793 



The nomerators 60, 200, 460, 800, are set down without cal- 
cttktioa, u 60 is half the square of 10, 800 is half the square of 



SO, 460 half the square of 30, and 800 is half the square of 40; 
which requires little more mental exertion than to recollect 
once 1, twice 2, three times 3, and four times 4. The results 
may be ordered thus: — 

460 
G*= ^^^ - part of a foot 



AGs 10 feet, 

AJ = 20 „ 

AM=30 „ 

AP=40 „ 

AB=:60 „ 

AS =60 „ 
&e. 



J*= 



Mn= 



6793 
80b 
6793 
1060 



6793 

P9=-l??^ 
' 6793 



BD= 



1260 
6793 



6793 
&c. 



626 
6793 



6793 feet is the length of the radius QA,. QD, or QC,*when 

part of a foot is added to it; this addition is not more than an 
inch and a tenth, while 6793 feet is more than a mile. Hence, 
6793 feet may be taken for the radius of the circle. 

The radius AQ (Fig. 2) of a circle is two miles and a half— 
13200 feet — and a litUe over half an inch more; AC is a chain of 
100 links, of a foot each; AG=18 feet. Required, without calcu- 
lation, the ordinate BD in the centre of the arc ADC, the ordi- 
nate FG on the chord, and the ordinate EF from the tangent 
ED. 

1250 
Ordinate BD = ^~ - part of a foot, 



626 



13200 
The exact length of radius = 13200 , ooqa 
GB=ED=60— 18=32 feet, 

612 
"^*'=T3200P*'^°^*^^*' 



GP- 



1250 



13200 



612 
13200 



738 
= -13200 P*'^**^*^'"**' 



To prove this rule, assume QC = r-{ — ; BC = 2n; anil 

n* 
QB=r . Now, if this assumption be true, 

('+7)"=('-r')'+(*>'. 

which when developed shows that \r-\ — V and If I'+CZn)* 

are identically equal; consequently QBO is a rational right- 
angled plane triangle. 

QD-QB = BD; .'. BD = ^^ 

Let r=625, and n=26; that is, AC=100. 



eS5--j- = 626; 



,-!.*=QB=6»-5|=6J4, 
r 626 



If QC (Fig. 2) equals 3763 



1260 
3763 



fleet, the number 3763 is 



taken at random; and if at the same time AC=100 feet, or 
BC=60, =2n, then the ordinate BD in the centre may be set 

down without calculation = in this ease - ^„ feet. The truth 

3763 

of the rule for finding the intermediate ordinates may be esta- 
blished as follows:-^ 
Referring to Kg. 1, put «=Qis, »i=«N=DH; 

.'. QN=V«»-m»; ND=eH=JC— V«»— m». 
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Now if m? be snccesBively taken 1^ S', 3*, &c. cbuns, the 
values of tJJ, loX, «H, oK, &c. will be respectively 

^_V^=F= «-(*-£) = £ "early- 

(3^ \ 3' 

&C. = &c. 

Let the radius of the curve be 40 chains, each of 50 links, the 
link = 1 foot. Chain employed = 600 inches long. 
.„ 1 _, . . 



*%J — 


2X40 


y\ 




— «z ' 


»x= 


H 


X 


4 


= 30 


«H = 


7i 


X 


9 


= 67i 


aK = 


&c. 


X 


16 


=120 
&c. 



When the length of the cui-ve exceeds i of the radius, only five 
or six of the approximate offsets ought to be taken in this manner. 
Because 



■X ~ V *»/ 



Hence, if an arc to radius 1 be found, or angle, from a table of 

g2 

natural sines whose sine = -^ , the cosine of the same augle 

/ 8M* 
taken from the table, without calculation, equals ( ^ ~ ^ / > 

hence the versine ^"(l—Tj) ^ found by subtraction, which, 

when multiplied by x, the radius, dves the de, the eighth ordi- 
nate; and so of other ordinates. The centre ordinate BD (Fig. 1) 
is always correctly determined by the foregoing rule, whether 
the chord AC be long on short compared with the radius QD. 

Example. — For a radius between 6973 and 6975 feet, and a 
long chord of 300 feet or 3 chains, what is the ordinate in the 
miculle at the concave side of the curve ? 



6625 - J. 
Take the radius = 6973 -g^^ *eet 



J22)^=?2092 =22600. 

2 / 4 



22600 . . J J- ^ 11260 - ^ ^, 

— — - = 11250; .-. the required ordinate = — — ■ feet exactly. 

Take another example. Let the chord be 400 feet, and radius 

1<^^^ feet. ( — ) =10000. The length of the required 

20000 



68976 



68976 
ordinate will be 



feet. 



68975 

It is clear that this rule may be applied to all circular curves, 

without mental labour. Any number, as 130, may be reduced 

625 
to the required form, x + — = 130, by solving the quadratic 



equation, 



jf2_i30j?=-625; 
.625 



125, 



and 125 -^- = 130 = QD (Fig. 2). 

.'. BQ = 120. Proof: CQ«=BC2+BQ». 130»=50H120». 
In a one degree curve (1°), that is, a curve in which a chord of 
100 feet subtends 1° at the centre, radius =5729-65 feet; 
2° curve, radius = 286493 feet, 
5° curve, radius = 1 14627 „ 
10° curve, radius = 573-66 „ 
Without solving a quadratic equation, these or other radii may 

be reduced to the foi-m x + , by taking the nearest whole 

number to x and dividing it into 625 (supposing the chord of the 
arc = 100 feet). Take a 10° curve, radius=673-66. 

From 673-66 
= 1-09. toke 1-09 



625 

672 



Then 572-57 ^^ =673'66. The middle ordinate= g=^ feet 

ExAJfPLK— In a 2° curve, radius = 286493 feet, what is the 
length of the middle ordinate, and the length of an ordinate 
14 feet from the middle on both the convex and concave sides of 
the curve ? as usual, measuring from the tangent to the middle 
point and from the chord = 100 feet 
625 



From 2864-94 
take -22 



2864 



= -22 



2864-71 



Badius = 2864*71 



625 



2864-71 



Middle ordinate = 



1250 



2864-71 
14' = 196, .'. ordinate on the convex side, 14 feet from the 



middle, = 



98 



feet; 1260 — 98=1152, 



1152 



'- feet. 



2864-71 ■""' ' ' ' ■■ 2864-71 

which is readily reduced to inches, gives the ordinate on the 
concave side of the curve. 



672-57 



ON THE CONCRETE USED IN THE LATE EXTEN- 
SION OF THE LONDON DOCKS.* 
By George Robertson, C.E., F.R.S.K 

In the late extension of the London Docks at Shadwell, the 
point which appeared to me to be most worthy of and to afford 
the greatest scope for enlargement, was that of hydraulic lime. 
Firstly, because there were (in my mind at least) many unex- 
plained difficulties and contradictory statements conuected with 
its theory and practice; secondly, because the manufacture of the 
lias lime used on these works being in the bands of the Com- 
pany's engineers, afforded advantages for investigation which 
might never occur to me again on such an extensive scale. An 
investigation into the theory of hydraulic lime, and its manufac- 
ture into mortar formed the subject of a paper read before the 
Institution of Civil Engineers in April 1858, to which the present 
one on Conci-ete is a sequel, completing the monograph on the 
lime used in this one work. 

I also read a paper lately before the Royal Society here upon 
the " Solidification of Limes and Cements," which was founded 
partly on the London Dock experiments and partly on a continu- 
ation of them at Leith Docks. 

The new works made by the London Dock Company consist of 
a new basin thrown into one with the old Shadwell basin, and two 
large locks 350 feet long and 60 broad, parallel with the former 
small ones; one to locK vessels up if necessary from the river 
Thames to the basin, and the other for vessels proceeding to the 
eastern dock, the water level of which is usually kept above 
Trinity high-water mark by a pumping engine. 

Borings of the ground occupied by the new works showed how 
advantageously concrete could be used in their construction. 
Below the first eight feet of made gi-ound and brick rubbish is a 
bed of brown clay some 6 or 7 feet thick; then a bed of peat 
averaging 6 feet, out often much thicker, full of remains of Ix^h, 
oak, hazel, and other trees. The lower part of this peat was full 
of veins and lumps of sesquiphosphate of iron, native Prussian 
blue. This made an excellent pigment when ground up with 
gum water, of a delicate smalt colour, which I used in tinting 
working drawings. Below the peat is a thin bed of clay, the 
bright blue colour of which was very likely due to this colour- 
ing matter in the overlying peat. Under the peat and clay is a 
thick bed of flint gravel, Thames ballast, which extended nearly 
over the whole area of the new works. In some places it was fine 
enough to form sharp clean sand for mortar, in other places 
coarse gravel well adapted for concrete. The chief material for 
concrete waa therefore on the very site of the works ready for use, 
and the whole expense was saved likewise of barging it up to 
Battersea Park, where we were permitted to shoot out the exca- 
vations. Under the gravel, at an average depth of 30 feet below 
Trinity high-water, Res the solid London clay, into which, of 
course, most of the foundation had to be carried. The bed of 
sand and gravel was more than 12 feet thick at the two locks, but 
thinned out completely at the north wall of the basin. The bel- 

* Bead belon the Boyal Soottirii Societr of Arts. 
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\zai was in sufficient abundance to supply all the concrete re- 
qoirsd for foaudatibua and counterforts, and to leave enough over 
to make it worth while using it for the dock walls themselves. 

The iubject naturally Jiviiles itself into two diviaioDS— the 
uanufHcture ami the apnlication of the concrete. 

The Manufacture. — The great mosa of the concrete was made 
with uaturally hyilrauHc linie, blue lias from Lyrno Regis in 
Dorsetshire, which requires no artificial mixture with pozzuolana 
or mioion to rentier it capable of settiug permanently uuder water. 
The word "concretft" in this paper implies, therefore, that made 
with blue lias lime, unless otherwise specified. The Dorsetshire 
lias was the only lime burued on the works; all lias from War- 
wickshire or Leicestershire waa bought ready burned from the 
merchants. Lias requires much greater care iu buruiug than 
richer limes, because auy sudden or extra heat, which would do 
little harm to Dorking ltme,greatlj injures lias, by formiug agl&ss 
between the silica and the lirae in the stone, insteail of only 
drivinj? off the water and carbonic acid. The combination be- 
tween ihe silica and lime, to which lias owes its hydraulic pro- 
perties, ought only to take place in the humid way — Le., witli 
the assistjiuoti of w.iter, after the application of the lime as mor- 
tar or concrete. Lias comes from Lyme liegis in two diScront 
forms — the one with a clean coachtiidiil fracture, and the other of 
. ahaly nature, approachiug in appearance even to clay slate, but 
IQtte soft. The shaly liaa, which contains so much clay as to 
the properties of a cement, is not so desiitible as the hard 
stone, because it carries leas sand, and in therefore more cx- 
BDSlve. The stone cost 4f. '6d. a ton when ship[R'>l at Lyme, but 
(. 9<t. before it was stacked round the kiln at London, which is as 
Ki the Mrae stone costs delivered nt the works of the new 
^ Bg dock at Lt?i lb. Freight to London is always heavy, for there 
inoateady return freight Tike coal to be had. Nocwitiisfandiug 
high price of the stone delivered at Shmlwell, and having to 
)fny freight on thousands of toua of water and carbonic acid to be 
laiVerwanls driven olT by the heat of the kiln, the engineer-in-chief 
|«f the Dock Company, the late Mr. Rendel, determined to burn 
tthe limeat<:)ne iu Ix>Ddon, as the extra coat would be a compara- 
jtively smalt it*m iu such extensive works. It waa very desirable 
Lto have tho best possible lime where concrete was to play so 
'important a part. 

Two egg-Bha[>ed draw killis of bricks were therefore erected, 
of a total height of 43 feet from the floor to the top of tho dome, 
and &u extreme internal diameter of 14 feet, coiitraoling to 5 feet 
, the lire bars, and 11 ft. 6 in. at 32 feet above the floor. The 
icti'ial objectioa to having a less diameter than this at the top 
"le dilficiilty tliat would arise in chargiug the kiln with evenly 
'•'■•'■1 layers of coal and stone tipped in from barrows at 
rough the windows in the dome. It has likewise been 
iiat a coDtracteii Lop to a kiln preveuts the escape of 
irbrmi • acid, :»lthough it has a counterbalancing ndvantage in 
leonfiuing the heat, aud throwing it down witlt a reverberatory 
" :t on the chiirge. This theoretical objection appears to l)e 
BoifuL It was found neccasarj', after these kilns had been 
rorkiug for a short lime, to dome Ihe mouth over with a brick 
to yireveut stones from flying into the neighbouring streets. 
The chiiuiiey at the top of this w.os only 3 feet in diameter, and 
jct no ililference was afterwards perceptible either in tho time 
nqoired for burning, or iu tho percenUtge of imperfectly burned 
[•toae. On the other hand, there is little doubt that the dome 
^■cte<l economically on the coal required, for the average of TOdO 
lojs of limestone was little more than one ton of ooul to 11^ of 
vtoue. the limits being 1 to 10 aud I to 13. Carbonic acid came 
away t'tcAy after the kihi had been lighted for three houi-s, and 
it Appeared t<j have ample room for escape. An average of Hi 
ftoDfl of stone burned by one ton of coal is very high; but the coal 
Welsh, and cost £l l». a ton. Newcastle coal, or bituminous 
[coal in general, was iuadmi.<tsable ; for it was essential to have 
KtUii or no smoke from kilns in the heart of London. .\t Leith, 
one ti>u of the coal of the neighbourhood appears to burn only 
Of 7 tons of lias; but the coal is only one-thin.l of the price of 
Welsh Coal. The barrows of coal and properly broken stone 
were liAed to the top of the kiln by a hoist worked by the mor- 
tar-mill engine, and were tipped in through three o|>tinings in 
' I dome, &a evenly as possible. After the kiln was lighteil, 
I windows were kept closed with boiler-plate shutters. The 
I of charging, ineludlDg breaking up the stone aud coal, was 
"■' -r toa of the two when mixed in the kilu. ITuless the 
r quicklime was very irregular, the kiln.s were always 
L-y. ..^.ited; but whenever they were allowed to go out, the 



charge of quicklime wa.^ left in the kiln, as the place moat free 
from moisture. Whenever the fire is let out in draw kilns, the 
next charge is nearly sure to burn irregularly, and there is a con- 
siderable loas of heat in rew.irming the kiln. Draw kilns are 
liable to irregularity from apparently slight causes, such as the 
direction of the wind, &c.; aud in the Shadwell kilns there waa 
also a permanent tendency to burn quickest down the side warmed 
by the adjacent kiln, for they wore both in one block of buiidiug. 
But draw kilns are better suited for burning lias than flare kilns, 
as tho heat is more uniformly distributed throuoh the charge; 
there is therefore less danger of overburnlng the lower hall' and 
uuderburuing the upper. 

Each kiln held 100 tons of stone, and burnt 21 tons per diem. 
The two together produced 25 tons of quick-lime every day, a 
quantity sufficient for about 97 cubic yards of mortar, or 170 
cubic yards of coucvete; 9 tons of coal will burn 100 tons of 
stone, which produce JO'37 tons of quick-lime, or 1583 bushels of 
ground-lime, enough for 400 cubic yards of concrete, when the 
ballast Ls moderately dry. Drawing the lime from the kiln cost 
lid. per ton of quick-lime. The total cost of the burnt lime 
amouuted to ±l3, per ton. When quite hot from the kiln, 26^ 
biuhels of ground- lirae went to the ton; but after keeping some 
time a ton swelled to 30 bushels, which is what bought lias usually 
Weighs, A bushel of lime, ground when fresh burnt, contains 
therefore one-seveulh more lime than a bushel of stale lime; aud 
a cubic yard of concrete, of specifled proportions, is so much the 
better when made with fresh lime. 

Coke was used iu the kiln for a abort time, but it was found to 
be 8 per cent dearer than Welsh coal ; and, moreover, tlie heat 
given out by it was too quick and strong, casing many of the 
stones over with a vitrified siUcate, which hindered the free 
escape of carbonic acid. When coke was burnt, therefore, the 
percentage of unburut atone was raised much above the usual 
average of li or ^ per cent. 

The equally burnt and softest lumps, usually of a buff colour, 
were picked out for grinding; and the remainder, more of a liver 
colour, slaked for mortar in the manner described iu my paper 
before alluded to. The lumps were first broken tolerably small 
by hand, aud then crushed still smaller between iron rollers re- 
volving in the hopper of the grindstones, These rollers were at 
first made fluted, bub it was found that strong projecting cogs did 
the work more erf'ectually. The hopper was fed with lumps of 
lime by an endless chain of small wrought-tron buckets worked 
by the engine. It was intended that these should be self-acting, 
and dre<lge the lime up from a well; hut it was found necessary to 
have a man constantly feeding them with a spade, or the supply 
was not regular. 

I may mentiou that a similar endless chain of cast-iron buckets 
was used vei7 successfully for dredging a hole through the gnivel, 
into which the piles of the cofferdam were dropped, and then 
driven into the clay. By means of these dredgers, tir piles were 
got down through conglomerated gravel like '• Blackwoll rook," 
in which it was found almost impossible Ui drive elm. The sides of 
a hole 20 feet deep stood quite perpendicular when there was a 
head of water on the hole, the hole being made large enough to 
take in about four piles in a row. 

The lime was groimd to a tine powder between two pairs of 
horizontal French burr millstones; the upi>er one revolving nt u 
speed of DO revolutions per minute. Each pair of stones was 
able to grind three tons of quick-lime per hour, at a total coat for 
grinding of Id. per bushel when the consumption was 360 bushels 
per diem; less, if more lime was used. This is made up as fol- 
lows: — Feeding and attending to the hopper and lifl, id.; engine 
power, ^rf.; meaauring the lime into bags for the contractor, aud 
recutting the stones as the furrows became worn, the remaining 
^d. A bushel of lime ground fresh from the kiln weighed 84 lb.; 
and at this weight the total cost was Hid. In buying ground- 
lime from a merchant, if the purchaser buys by weight, he pays 
for the water absorbed from the atmosphere; if he buys i>y 
measure, he pays for the expansion caused by that moistm-e; the 
fairest way for both parlies would bo to specify the bushel to bo 
of a cerUim average weight — say for lias from Lyme Regis 80 lb. 
This would allow for tho lime uot being quite fresh, but woold 
prevent it from being too stale. 

The griuilstones were composed of hurra from the fresh-water 
beds of the Paris basin, set in two radiated rings in cement, and 
backed up with plaster of Paris aud mortar. The "skirts" or 
outside burrs were S inches thick; the central or "high burrs" 
somewhat thicker, to allow for the " swallow ," "wKvcU va is. "s.U^J.s.^. 
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•lepitssiou iu llie centre of tlie upp*r stoue, about 2 feet in din- 
meter, aoil at most 3 inches dtfep. TLis wets aa a kiuJ of dis- 
Iributiujf reservoir for tlie lime iia it falls from thehop|>erbelweeu 
the stones. 

The face of the stones was divnded into ten " qnart^rings" by 
"master furrows," each of theiu ht-iug tjin":entijvl to au imngi- 
Dnry circle coucentric with the stone, and called its "draft." The 
•ize of this regulated the qu.-intity of lime passing through the 
■tuDcs in a given time. A i-adius of 5 inches was found to grind 
90 buahel.ii per hour of a sufficiently fine qu.ility. The pnrticlea 
of lime, whirling round near the centre of the alone, by their 
•enlrifugal velocity pass towards the ontside along the master 
furr<^ws, being ground finer aa they recede from the centnd de- 
pres.sinn. Each master furrow had two other distributing furrows 
lenrling out of it, paniUel to the former master furrow. The 
furrows are ahalhiw grooves, or rather nicks about 1^ iuch wide, 
with the cutting ed^e sharp, and the other bevelled. 

The gravel found on the works was not always so fi-eti from clay 
conld t>e wished. It bad often to be screened, to reduce the 
qu.intily of sand to the proportions necessary to form a pood 
uiorUir with the lime Ubed. Concrete is really minute rntble 
work of jjobbles set iu mortar, more or less perfect acooi'ding to 
the cai-e taken in mixing the ingredients. In theoretically \>er- 
fect concrete, the morUr should be made, first, to insure a per- 
fect matrix for the pebbles to be embedded iu; but this is not the 
usual practice in this country. The great tna-ss of the concrete 
was couifxvsed of one measure of lias lime to six measures of 
gravel; both being measured by bt>.xes, and not by guess-work, 
bomeliniea, however, a hiyer uf gravel was spread out a foot 
thick, and then lime laid over it for a depth of two inches. This 
is not 80 good a way of measuring as by boxes, because the lime 
fitUa between the pebbles, and the concrete is richer iu limo than 
the engineer intends, which is no advantage to the work, and is, 
of coarse, a loss to the contractor. When the ballaat was mode- 
rately dry, 12 cubic yards of gravel and 2 cubic yards of lime 
made 11 cubic yards of concrete, mixed and deposited. The 
slirinkage from the dry materials was then 22 per cent; bat if 
the ballaat happened to be very dry, the shrinkage was more, and 
the same quantities made only lu cubic yards. 

A cubic yard of concrete requires about 38 gallons of water to 
bring the dry materials to the requisite state of fluidity. Of this 
quantity nearly 8 g:illi)U8 enter into chemical combioatioa with 
the oxide of calcium iu the lias, and 30 gallons are either ab- 
sorbed mechanically by the pores of the lime, retained by capil- 
lary attraction between the grains of sand, or lost by evaporation. 
After the concrete has been mixed and deposited, a gradu.nl ex- 
j»au8ion takea place from the chemical action of the lime slaking; 
the less of this swelling, however, the better, as it disturbs the 
netting of the mortar round the pebbles, and causes friability in 
conei-ete. Whenever concrete is made with quick-lime (as it 
usually is) there must be a certain amount of friability from this 
cause; and, therefore, when it is imjwrtiint to have no swelling, aa 
in blocks of concrete which have to be lifted, recourse must be 
b*d Uj slaked lime, or else to cement, which contracts rather than 
expands in setting. In the one case the concrete is long in hard- 
ening, having more moisture in it than the lime can absorb; and 
iu the use of cement more expense is incurred. Portlaud cement 
is, however, not so expensive as might at first appear from the 
cement being double the jjrice of lime, because the propoilion 

the ballast may be considerably reduced. 

Some experiments on the exfiauaiou of concrete proved to me 
hat it varies a little with the seiisouof the year. In hot summer 
weather the exjKiiisiou of a cubic foot iu twenty-four hours after 
luixing wa^iismueh as yV.th of its bulk, usually /jd: but iu frosty 
weather it rarely cxceedeil ^^th. The force exerted in the ex- 
pansion w.as lUways sufficient to burst the box in which the con- 
crete had been deposited; the .smnuut might even 1« measured by 
the distance the nails were drawn out. Whenever the expansion 
exceeded j'^th of the bulk, I considered the concrete too rich in 
lime; and that there was more than would, when slaked, fill up 
the interstices of the sand and flints, and coat each grain with a 
thin pellicle of lime. More than this is not required, for too 
thick a coating of lime causes weakness, and not strength. 

The gravel and lime were mixed together on a platform of 
planks, and were turned over twice in tne dry state, and twice 
with water gradually added. The concrete was then wheeled iu 
Lari-ows, and shot into the re<iuired place from planks a few feet 
above. The idea that concrete should be thrown in from a great 
Lcijj'lit is erroneous, for it then falls with too great force, and dis- 



turbs the setting of the mass below, causing anneceasary friability. 
This was particularly noticeable in the deep pits for the counter- 
forts of the north wall of the basin, where the concrete had un- 
avoidably to be thrown from a height of 30 feet. The force of 
the blow set the whole mass in motion for some feet down, evea 
after setting had fairly commenced. Lias concrete sets slowly, 
and in this case it was impossible to wait long enough for each 
layer to become perfectly bard before depositing another, as the 
wall had to built with the utmost expedition, as will be seen here- 
after. Anything gained iu density by a fall of more than 6 feet 
is more than couuterbidauced by the disturbances V} the mass 
below. The gratjd rule in concrete is, not to disturb it after set- 
ting has once commenced. Wherever it is necessary to shovel it 
into corners, or pack it between stones, it should l>e done at once, 
and the concrete not touched again. Tlie swelling of the lime 
during slaking causes enough natural Inability, without increasing 
it by after-disturbance. 

By arrangement in the contract with Messrs. W. Cubitt and 
Co,, the contractors for the greater portion of the permanent 
work, ground lias lime was sold to them for lOd. per bushel; and 
at this price the coat of making a cubic yard of ixincrete was as 
follows: — 



2 j bushels of lime, at lOd. . 
Luawling, waste, aa<l haga for ditto. 
Getting gra /d. .... 
Wheeling lin. (say 5 runs). 
Bcreening aud selocting ditto. 
Mixing and depositing. 
I'latfomis. .... 
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s 
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3 
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3 
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Total cost per cubic yard = 58 

As the ouantity <>? gravel fit for concrete was uncertain before 
the grouna was oj)en€d up, for the sake of simplicity the whole 
excavation had been estimated as barged away ; aud for each cubic 
yard of gravel used as concrete, a certain deduction was made in 
the monthly payments. 

The supply of water for mixing the concrete was obtained from 
pipes laid down to the various jwrta of the works, either from 
the street tnaius or frtim the lauuder of the }iumping engine. la 
mixing large qu/intilies the expense of laying |>ii)es is soon saved. 

The Ajiplication. — ('onci-ete was applied on the works of the 
London Dock extension in several ways: — 1st, In foundations for 
masonry or brickwork, as a means of spreading the weight over a 
large surface; 2rid, As the cheapest method of reaching a good 
founilatinn iu the clay or gravel, whether for walla or piers of 
warehouses, &c. ; 3rd, In the dock walla themselves, wherever the 
concrete would not be exposed to tlie alternate action of wind and 
water; 4lh, As counterforts or buttresses, on which nothing was 
to he afterwards built, but where vv*ight was wanted. 

In all these cases it is to be noticed that it was applied as a 
mass, in the monolithic form, which is the true use ana value of 
concrete. Whenever it is moulded into separate blocks, to be 
aftei-wards set in proximity to each other, concrete becomes 
an inferior substitute for stone, although often an economioil and 
useful one. 

The whole of the side waits of the two locks rested upon a bed 
of concrete, of a thickness varying very much with the level of 
the clay, from 3 feet to B inches. The invert of the lock chambers 
was laid oil concrete, aud thespaudrils of thearch filled up with it. 
The high chimney of the pumping-engiue house stood on a square 
of concrete of considerable thickness, the puuipiug engine itself 
resting on beech piling. As this cbimiiey was very close both to 
the pumping well (18 feet in diameter) and to the excavation for 
the lower dock, ihei-e was some risk of unequal settlement. A 
plumb-lwb was therefore left suspended iu the chimney, which at 
once would give warning of any iuclin.Ttiou either way. Some 
time after the chimney was built the plumb-bob showe<i that the 
shaft had tUL-lined several inches towards the excavation. A 
quantity of limestone was at once stacked round the base of the 
chimnuy on the opposite side, which brought the shaft back to the 
peq>eiidicular. 

Concrete was used as the cheapest means of reaching the clay, 
in the fouudatiuua for the lattice swing-bridges over the locks; 
the bridge pits resting on arches, the piers of which were of con- 
crete up to a certain lieight. Columns of concrete were built up 
likewise in the proper places, u]xm which carnes and capstans 
might be placed when require<l. The whole of the walls and iron 
columns of the new warehouse rested on trenches of coucret* 
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*botlt 6 feet wide, and averaging perhaps 8 ft^t in tbicknesa, 
from tlie top of the natarul gravel to the level of 17 feet below 
high water. As the concrete here was not to be exposed to the 
du«ct action of w;iter, it was mn*\a of Dorking or grey atoue lime, 
in the proportion of 1 of ground lime to 8 of balliist. This lime 
ourieii more Baud than lias; is but feebly hydraulic, and, indeed, 
sot (vriijauenlly so at all. It ia the lime useil in London for 
bniliiiug purposed, and by some engineers ereu in dock work 
when luixed with [Hjzzuolana. 

By far the largest qaaatity of the gravel found in the excava- 
tion was uaed up in the ^instruction of the walls of the baain, in 
which everything below tlie level of 17 feet from high water was of 
concrete, faced with two feel of Kentish rag-atoue, to protect the 
surface from the disiutegniting effects of water. At thia low 
level there was no fear of vesaels rubbing against the rough 
Euea of the rag-etone. The general type nf the basin walls was 
■DQch the same as that of the West India Junction Dock walls, 
where Mr. lieudel used ooucrete of 1 part of Portland cement to 
B parts of gravel. 

The concrete portion of the baiiiu walls was 17 ft. 6 in. broad at 
iht bottom, and 11 ft G in. at the top, the face being curved at 
fint to a radius of 11 feet, and then carried tip with a batter to 
the bottom of the brickwork, which waa perpendicular. When- 
ever concrete is faced with rag-stone, it F>hould be built with a 
batter, and the layers slightly inclining away from the face. All 
danger of the wall bulging out, or of the face-work peeling off, is 
tlieu avoided. The Kentish I'ag-etona facing was hammer-dresaed 
on the joinU for a npecified dintance in, and care was taken to 
have at intervals long wedged-ahaped stones, with the broad end 
inwardii, tailing well into the ooncrete, which was carefully packed 
between the joints when first doy>o.tited. About two feet high of 
fece work wa« first set, and then the concrete deposited in two 
Uyeraof about one foot thick each. The first layer was allowed 
to hanlen for at least twenty-four hours before the second was 
depiiHtled, niid they were always arranged so as to bre^ik joint 
A layer of concrete does not tlioroughly incorporate with a pre- 
vious rme unless the meeting surfaces be kept rough, and free 
from aand. But, by sweeping off all sand, and, if necessary, 
picking the face in furrows, and by breaking joint with the layera, 
all danger is avoided of either a vertical or horizontal run of water 
through a mass of concrete. The hrickwork of the'npperhalf of 
tlie w.hII, with its counterforts, was not laid on landings, as ia 
the lock walls, but was for three feet set in superior mortar, with 
hooff-iron bond every three or four courses. 

The al)ove description applies to the east, west, and south walla 
of the basiu; but the north wall varied materially from the 

Seiiend section, and was altogether verj' instructive, from the 
itnciihies encountered in building it. The east end of the wall 
had been cortimenceii in the usual way, by taking out the ex- 
cavation of the l>aain in fnint ivikI of the wall to the natuiiil 
slope of the earth, when alarming cracks apjwaretl in the church- 
ya.rd of SL Paul's, Shadwell, :tu(l the whole ground on which the 
Iligh-atreet and this church, with its handsome steeple, were 
built, app«ired to be slipping into the works, for a length of 800 
fetft. Any one who wituesjsed the fall of the terrace at liamsay 
Gnnlens some mouths ago, will understand, on a small scale, the 
rvault of such a cataatrophe. The excavations were at once 
stopped, and borings made in the churchyard and adjoining 
streets, outside of the parliamentAry bouu<larie3 of the dock corn- 
pour. The surface of the Loudon clay was found to rise sud- 
denly in a slofie of 1 in 10 from tlie biiain to the Uigh-etreet, so 
that the whole prism of earth, resliug on an incline, was only 
k«pt nfi by the weight of the earth in front. It w:is iieceasai?, 
Uterefore, to alter the cliai-acter of the wall, and to stop the 
excavation of the basin till the wall was completely built, and 
nody to take the thrust of the ground behind. For the better 
brt>t4iCtion of the church, which was in uion3 danger than the 
oonaes, a perfect forest of piles was driven into tlio clay in front 
of the churchyard. These were in four or tive rows deep, several 
feet apart, and uoiinect«<l by waliugs at right angles to the basin 
waiL The ground was next takeu out in pits, in the line of the 
irall, .'H.I feet centre to centre, 20 feet wide, and 40 feet back from 
tU" coping. These were carried well down into the clay, and the 
bottoms cut in steps, sloping away from the basin. The pit« were 
fille<i in solid with concrete, up to the level of 17 feet below high 
w»i<.r, the face being protected by two feet thick of Kentish rag 
a« uiiual. Brick arclies were then turned from pier to pier, to 
■upjiort the upper half of the wall, which wo* of the onlinary 
dmakctet. 



To prevent the ground between the piers from falling through 
into the luisin, verUcal brick arclies, 3 feet thick, were tnmed 
from counterfort to counterfort, and backed w^ilh puddle or 
concrete. These arches were foundwl in the clay, on the top 
of a strong slope of concrete, faced with a foot of puddle, to 
protect the surface from water. The wall carried at the back of 
It a culvert four feet in diameter, for keeping up the water level 
in the eastern dock or the new basin if reauired. 

After the counterforts were finished, and the arches turned, the 
ground in front of the coping line was excavated, and the toes of 
the alofjes and piers put in with Portland cement concrete, in the 
nro|)ortioti of I of cement to 9 of gravel. Thia seta faster than 
lias concrete, and is heavier, a cubic foot of each weighing 139 lb. 
and 129 lb. respectively. 

Before the water was let into the basin, the north wall resem- 
bled a massive viaduct more than a quay wall for shijw to lie 
against; but after the water was admitted the arches were not 
seen, as their crowns were eight feat below high-water level. 

The use of concrete by Mr. Rendel in the Ivondoii Dock Exten- 
sion is an excellent example of what good engineering ought 
always to be; viz., the application, in the best and most economical 
form, of the material closest at band, so long m that is consistent 
with strength and durability. 



THE raON-CASED SHIPS OF THE BRITISH 

NAVY.* 

By E, J. Reed, Sec. lust. Naval Architects. 

TuE construction of iron-cased ships of war is engrossing so 
much of the attention of scientific men at the presentniomeut,an<l is 
manifestly fraught with such important conse^iuences in financial 
respects, that this Association could not well lie expected to 
assemble, even iu Mouchester, without taking the subject into 
coDsi<leration. 

With the view of best fnlftlling the intentions with which the 
gentlemen of the Mechanical Section made tliis the chief topic of 
to-day's delibenitions, 1 propose — 

Ist. To glance briefly at the circumstances under which the 
British Admiralty resorted to the construction of iron-cased sea- 
going ahi|js of war. 

2nd. To state aa compactly as possible the principal features of 
the ships which the admiralty are building and propose to 
build. 

And 3rdly. To bring to the notice of thia Association the great 
increase of dock accommodation which iron-caaed ships nave 
rendered necessary. 

Early iu 1869, the secretary to the admirnlty, the aooountont- 
general of the navy, and the secretary and chief clerk to the trea- 
sury, together reporte^l to the government of the day (LonI 
Derby's) that France w.as building "four iron-sided ships, of which 
two were more than half coiupletecl," and that these ships were 
to take the place of line-of-batlle ships for the future. "So con- 
vinced do naval men seem to be in France of the irresistible 
qualities of these ships," said those gentlemen, " that they are of 
opiniou that no more ships of the line will be laid down." In 
another part of their report they said, " The present seems a 
state (if transition, as regards navid architecture, imiuciug the 
French government to suspend the laying down of new ships of 
the line altogether." At the instance of Sir John Pakington, 
then first lord of the admindty, this report was immediately 
presented to parlianent, and thus obtaineti univei^al publicity. 

From that time forward, then, we have all known perfectly 
well what the plans of the French government in this matter 
were, and we have known equally well that the only motle of 
keeping p.ice even with France iu the production of iron-cased 
fi!ii|)8 was to lay tlown four of them to match the four which shf 
at that time [>ossesaed, and to build as many more annually as 
she saw fit to »idd to her navy. In pursuance of this veiy simplo 
policy, Sir John PakingU^u at once had designs of a formidnblr 
class of iron-cased shijjs prepared, and ordered the construction of 
one of these vessels, the Warrior. 

The present board of admiralty sliortly afterwards succeeded 
to power, and ordered a second of these vessels, the Black Princt.-, 
and after some del:»y also issued contracts for the Defence and 
Beslstance. No other vessel of the kind was actually commenced 
until the present year; so that in the beginning of 18(11 we had 

* Bmptr rcMt at » ]iIe«Uii( irt XW: \Vr\Uk\v k«a(i^\.\u& , t.\ anenrtun .'titf^^M^ias \>KV. 
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only ju3t attained the position which France held in the beginning 
of 1959, haviug "four iron-sided ahipa, of which two were more 
than half completal." Meantime France had been devoting the 
bulk of her naval expeuditure for two whole years to the prodnc- 
tionof similar vessels, and is consequently now in possession of 
an iron-cased fleet far more considerable and more foi-ward than 
ours. 

At length, however, oar sluggishness has been overcome, and 
we have set ourselves earnestly to work to repair our past 
deficiencies. The Hector and Valiant have been laid down, and 
are being urged rapidly forward; the Achilles, after a year's pre- 
pArn,tioti, hiis been fairly commenced; the Royal Alfred, the 
Royal 0;ik, the C.-iledoma, the Ocean, and the Triumph are in 
progress; and contracts have just been issued for the construction 
of three out of six other iron-cast-d ships, the building of which 
has for some time been decided upon. The peculiar fc-itni-es and 
proportions of these ve«!iels I ahall presently describe; but I will 
tirat state some of the causes which have led to delay in Ibis 
mattei, and set forth the circumstances under which we have nt 
lajst been compelled to advance. 

\Vc have heard much in various quarters about the invention 
of iron-case<l ships, the credit of which is usually accorded to his 
Imperial Majesty Napoleon III., althou;?h there are score* of 

Eirsona, both here and in America, who claim it for themselves. 
nt the truth is, very little invention has been displayed iu the 
French iron-cased ships. Theirdesignershavealraostexchisively 
confined themselves to the very simple process of reducing a 
wooden line-of-battle shiii to the height of a frigate, and replacing 
the weight thus removen by an iron casing 4^ inches thick |)laced 
upon the dwarfed vessel. It was not possible to produce a very 
eiUcieut ship by these means; so they have contented them.selves, 
in most cases, with vesseU like La Cloire, which carry their |)ort8 
very near to the water when fully equipped for se:i, and are 
cbaracttirisetl by other iuiperfections tbnt it would he easy to 
point out, The reports of her eflicieuey which have appeared in 
the French newspapers prove uolhiug in opx)08ition to what I 
here state. The writers in those papers Lave syateinjitioally 
exaggerated the qu.-dities of the French ships for years past, 
repre»eiitini( that they could steam at impossible speeds, and carry 
OS much fuel as .tny two of our ships. But tliewj are statements 
which can be disposed of by scientific calculations of the most 
elementaty kind, and the untruth of the French accouula has 
been so demonstrated over and over again. With the drawings 
and other particulars of La Gloire before us wa could tell with the 
greatest precision what fuel she can stow, how fast she can 
ateaui, and at what height her porta are above the water. We 
have not, it is true, all the details of the ship before us yet; but 
we have enough to demonstrate her real qualllios with sufficient 
aocnracy for my present purpose, and I confidently assert that 
she is seriously defective as a war-ship in many rcsjiects, 

Now, from the vury first our atlmiralty has been averse to the 
<»D8truction of such vessels as La Gloire, and to the rough-and- 
ready solution of the iron-cased ship problem which she embodies. 
Whether their aversion was wise or not, under the peculiar circum- 
stances of the case, I shall not presume to say; but that they 
<»uld speedily have produced a fleet of ships in every way equal 
to lii Gloire, had they pleaaetl, there is not the slightest doubt. 
Innt^^ad of doing thi.s, however, they have aske<l " Uow do we 
know whether a plated wooden .ship, or a plated iron ship iu the 
belter/ How do we know whether the plating should extend 
from stem to stern, or not? How do we know whether the side 
ahould be upright or inclined? or whether tlje plating should be 
bfvoked with woo»l or not! or whether it should form part of the 
hull or not? or whether it should be made of rolled iron or of 
hammered? or what its thickness should be? or how it should be 
fastened?" aud so forth. And while all these questions have 
been asked, we have pretty nearly atooii still. 

It is only fair to Sir Juhn Pakington's board of admiralty to 
say however, that, without waiting for answers to them he 
ordered, as we have seen, the Warrior, which is now afloat on 
the Thames. Those of you who, like myself, proceeded to Green- 
hithe in this vessel on the 8lh of August, or have visited her there 
since, will doubtless concur in the praise almost universally 
accorded to her. In all the yacht squadrons of the country there 
is not a handsomer vessel than the Warrior; yet there are few 
iron-cased ahipa iu the French navy that will bear comparison 
with her as a vessel of war. She hjis been so often described in 
the public journals, aud particularly in the 'Cornhill Magazine' 
jOy/^Arr/arr list, that I veed not stay to describe her here. 



It is also to the credit of the present board of admiralty, that 
on their accession to office they hastened to order the Warrior's 
sister ship, the Black Prince, which I donbt not is in every respect 
her equal. But why they soon afterwanls built the Defence and 
Kesifltauce, ships of 280 feet in length, 34 feel broad, nnd 3700 
tons burden, of only 6lH) horse-power, aud ])lnted over less than 
half their length, I cannot conceive. I am aware that these 
vessels are primarily designed for coast defence, aud that their 
draught of water is more favourable than IjaGLoirc's for this pur- 
pose — theirs being 25 feet, and hers 27 ft. 6 in. But with engines 
of only (K)0 horse-power their speed must neceM.ariiy be lnw, and 
with so small a portion of their sides coated with thick plates 
they will be unfitted to stand that continued "pounding" to 
which a low-speed coast-defence vessel would be more exposed than 
a fiist sea-going ship. The .<».ime objections hold toacertain extent 
against the Hector and Valiant class, whicli are of the same 
length and very nearly the 8.ime draught of water a« the Defence 
ana Resistance; but their incrcasted I'omne-power of hoo horses 
(which has \e<\ to an increased breadth of 2 ft. 3 in., and an 
increased tonnage of 360 tons) will secure for theiu a higlK»r speed, 
and their thick plating has been continued entirely round the 
main deck, so as to protect the gunners throughout the length of 
the ship; and these, therefore, though defective, are certainly 
better vessels thau the others. 

It is important to observe th.<it, notwithstanding the long delay 
of the admiralty, and despite all we have hears! respecting 
experimental targets, the irresistible determination of par- 
liament to hRv« a largo iron-cased fleet has overtnken the 
admiralty before they have obtaine<l answers to any one 
even of the questions which we have before mentione<i, ami upon 
which they h.-we been so long deliberating. The cause of this 
is undoubtedly to be found in the indisjjositiou of the admiralty 
to perform experiments upon a autficiently large scale. 8mall 
targets, a few feet square, liave been constructed and testeil iu 
abundance; but the results thus obtained correspond to n<ithing 
that would take pUce in pmctice against a full-size ship afloat. 
Not a single target of sufficient size, aud of good mannfaciure, has 
yet l>een tested. The admiralty are at length, however, having 
Buitible structures prepared; and before long some of onr i)rincip«i 
doubts upon this subject will be resolve*!, Perhiips the slackness 
of the board in undertaking these colossal experiment.*} will be 
understood whcu I say that a committee of emiiipnt private ship- 
builders, including Mr. Scott Ru.'isell, Mr. Laird, Mr. Samuda, and 
Mr. R. Napier, have estimated th.^t a target large enough to try 
half-a-dozen modes of construction would cost no less a sum than 
£4.V>00, and that another £45,000 would have to be expended 
upon an irou hull rapwihle of floating this target, if the use of sueh 
a hull were considered inrlisptnisable. 

But, howtn'er unprep.ireit the admiralty may still be, they have 
been compelled by the public sentiment, and by the fHjwer of par- 
liament, to make large additions to our iron-cased fleet during 
the last few mouths. When the House of Commons devotes 
immense sums of money to a national object with acidnmations, 
nnd the single opponent of the measure acknowledges himself in 
error, the time tV)r questioning and parleying upon jxiints of 
detail is passed. And this is what has happened in this iron- 
cased ship business. The government has declareil a number of 
new ships necessary; parliament has voted the requisite funds 
with unanimity .and cheers; Mr. Lindiwy h.os coufe-ssed himself in 
error; aud the board of admiralty have been instrocted to build 
the ships with all possible despatch. Let us now see wh.at kind 
of ships they are to be. 

The first of them, the Achilles, which baa recently been begun in 
Chatham Dockyard, so nearly resemWes the Warrior and Black 
Prince, that a very few wonls will sullice for her. The 
chief tliflference between her ami those vessels lies, I believe, in 
the fact that her beam is slightly broader, and her floor somewhat 
flatter, than her predecessors, whereby her tonn.ige is increased 
from eoao to 6089 tons, and her displacement from 8('.2.t to J030 
tons. All her other dimensions, and all her essential featur^of 
construction, are exactly Jike those of the Warrior, — from wh)^ 
it m.iy be inferred that the method of plating the central pi%t 
only of the ship, which was intr<)duce<l by your distinguishJ " 
vice-president, Mr. Scott Russell, is stilt viewed with favour 
the adrairaltv designei-s. Mr. Scott Russell <lid not patent tH 
invention, I believe; perhaps he will kindly tell us whether 
has found his rejection of llie Patent Law to t»ay him well in tlj 
instnnce. 

In the class of ships which come next, however, the admii 
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iMve consented to foregn the plan of plating atnidahipfl only, and 
porpoM plating the ship from end to end with thick iron. But 
U order to do this it has been necessary to resort to larger 
dimeDsions than the Warrior's; and hence these six new ships, 
three of which have just been contracted for, are to be 20 feet 
longer than her, 15 inches broader, of 582 tons additional burden, 
and l£45 tons additional displacement. As the displacement is 
the true roeajaure of the ship's actual size below the water, or of 
her weight, it is evident that the now ships are to be considerably 
more than UKX) tons larger than the Warrior class. As their 
engines are to be only of the same power, their speed will pro- 
bably be less .♦ This diminishe^l speed is one of the penalties 
which have to be paid for protecting the extremities of the ship 
with thick platea Another will probably be a great tendency to 
plunge and chop in a sea-way. The construction of such vessels 
ia a series of compromises, and no one can fairly blame the 
admiralty for building ves-els on various plans, so that their 
relative merits may be practically tested. 

The cost of this new class of ships will exceed that of the 
Warrior class by many thousands of pounds, owing to the 
increased size. But it will certainly be a noble specimen of a 
wardship. A vessel built throughout of iron, iW feet long and 
nearly 60 broad, invulnerable from end to end to .-xll shell and to 
nearly all shot, armed with an abundance of the most powerful 
ordn&ooe, with porta 9 ft. ti in. abovu the water, and steaming at 
K speed of, lay 13 knoLs per hour, will indeed l>o a formidable 
en^ne of war. And, if the present iuteatiuns of the admiralty 
are carried out, wc shall add six such vessels to mir navy during 
the next year or two. We must be prepareil, however, to dis- 
pense with all beautifying devices in these ships. Their stems 
are to be upright, or very nearly so, and without the forwartl- 
reaching " knee of the head" wliich adds so much to the beauty 
of our present veaseU. Their sterns will also be upright, and left 
u devoid of adornment as the bows. It should also be 8tate<l, as 
a characteristic feature of these six new ships, tliat their thick 
plating will not extend quite to the bow at the upper part, but 
will stop at its junction with a transverse plated bulkhead some 
little diflUnce from the stem, and this bulkhead will rise to a 
aafficient height to protect the spar deck from being raked by 
ahot 

IlhaB not yet been decided whether these new iron shipks are 
to have their plating backed up with teak timlier, as in the 
previous ships; or whether plating 6^ inches in tbickuesa, without 
a woo<i backing, is to be applied t-o them. The determination of 
this point is to be dependent, I believe, upon the results of the 
forthcoming experiments with the large targets to which I have 
previously adverted, and partly upon the recommendations of the 
iron plate committee, to which our president iMjIougs, and 
which is nreside<l over by that disiiugiiished officer, Captain 
Sir John Dalrymple Hay, R.N. All that ba.i Iweu decided ia, 
that whether the armour be of iron alone, or of iron and woo<i 
eombined, its weight ia to be equivalent to that of iron (\h inches 
thick. The desisrus of the ship have been prepared subject to 
this arrangement, and provision has been made in the coutrocta 
for the adoption of whichever form of armour may be deeraeil best 
when the time comes for applying it. 

All the iron-cased ships which I have thus far described are 
built, or to be built, of iron throughout, except in so far as the 
timber backing of the plates, the planking of tlio decks, and cer- 
tain internal 6ttings may be concerned. I now come to notire 
a ver)' ililferent class of vessel, in which tlie hull is to be formed 
mainly of timber, the armour plating being brought upon the 
ordinary outside i)lanking. The Itoyal Alfred, Royal Oak, 
Caledonia, Ocean, and Triumph are to be of this cla-sH. Their 
dimensions are to be — len)3fth 273 feet, breadth 58 ft. 5 in., depth 
in hold l!l ft. 10 in., mean draught of water ■25 ft. 9 in., and height 
of port 7 feet. They are to be of 4045 tons burden, and to have 
adisplacementof 6S.3J) tons. They are to be fitted with engines 
of IfJOO horse-power. They are being framed with timbers 
originally designed for wooden line-of-battle ships, but are to be 
18 feet longer than those ships were to be. They will form a class 
of vessels intermediate between the Hector and the Warrior 
claji*e«. but, unlike both of them, will bo plated with armour from 
end to en<l. They will be without knees of the head, and with 
upright stems; and will therefore look very nearly as ugly as La 
Glolrr, although in other respects much superior vesseTs, being 

• .^Imr ihu {taper vu nui at HMch(!«t«r, I haw It-arnt that Ihe coDtifillrr nt 
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21 ft. 6 in. longer, 3fl. 5 in. broader, and of leasdraughtof water. 
They will also be quite equal to her in speed. 

It will occur to some now present, that in adopting this class of 
ship we have, after three years' delav, approximated somewhat to 
the Gloire model at la.sL And undoubtedly we have done so, in 
the present emergency, in order to compote with the movements 
which France is now making. At the same time, we have not 
gone to work quite so clumsily as our neighbours. Instead of re- 
fining the old lirie-of-baltle ship proportions, we have gone some- 
what l>eyondthem; and have lifted all the decks, in order to raistt 
our guns higher above the water. We have conseoueutly secured 
a height of port or battery nearly 1 8 inches greater than Lh Gloire's 
■ — an advantage which will prove valuable uuilerall ordinary cir- 
cumstances, and incalculably beneticial in rouj^h weather. 

The wholeof the new iron-cased ships, including the live plated 
timber ships and the six 400-feet iron ships, will, there is every 
rea.ion to believe, match La Gloire in speed, supposing the engines 
put in them to be of the respective powers already mentioned — a 
condition which it is necess-ary to state, since there is, I regret to 
say, a probability of smaller engines being placed in some ot them. 
But not one of all these new ships, the Achillea only excepted, 
will have a speed equal to the Warrinr'a. Perhaps we ought not 
to complain if our fleets are as fast as the Frtiich; but I, for one, 
certainly do regret that there should beany falling off in this prime 
quality of our iron-cased vessels. Iron and coai will give us fast 
vessel.^ and we have these in abundance. The truly a^lmirable 
engines which Messrs. Penn have placed in the \Varrior show 
that we can command any amount of engine-power that we re- 
quire, without incurring risk of any kind; and it would indeetl be 
a blind policy to deprive ourselves of that speed which ia pro- 
nounced invaluable by every naval officer and man of science who 
writes or speaks upon this subject 

I have thus fir said nothing concerning the armaments of the 
new cla-saea of vessels which I have been describing, because no- 
thing hiis yet l>een finally deciiled respecting them. Nor would 
it be wise to decide this matter in the present state of our artillery, 
until to do 80 becomes alMolutely necessary. We are, it is siiid, 
producing ltH)-pouuder, and even larger, Armstrong guns with 
great success now, and may therefore hope for supplies of onlnance 
of at least that class for these vessels; but the modificatious ami 
improvements which even Sir William Armstrong himself has 
iatro<luce<l since he became our engineer in-chief for ride<l ord- 
nance have been so great that we have lost all confidence in the 
continuance of existing systems, and hold ourselves prejiared 
daily for further changes. Before these new ships are tit to re- 
ceive their armaments, or even before they have so far progressed 
as to make it necessary to fix the positions and dimensions of their 
porta, we may be put in possession of a far more effective naval 
gun than we can yet manufacture; and the best gun, wherever it 
may come from, must unquestionably be adopted for them. Who- 
ever may produce it, we shall have, let us hope, the great benefit 
of Sir Willi.am Armstroug's splendid mechanical genius, and birge 
exp rience, in manufacturing it in quantity at Woolwich. This 
is an atlvantage which should not be thought lightly of; tor, wh.at- 
ever other views some may entertain, either through jealousy, or 
rivalry, or conscientious conviction, we must all agree in believing 
it a great piece of goo<i fortune to have one of our very ablest 
mechanicians plac^ at the head of this great mechaoicid depart- 
ment. 

I am able, however, to afford some information respecting the 
number of gima which the various classes of our new ships will 
be able to carry, and probably will carry. Of the Defence, Re- 
sistance, Hector, and Valiant I shall «iy nothing, Ijecause they 
cannot be considered fit for the liue-of-battle, or auit^ible for any 
other service than coast defence. Nor need I say more of the 
Achillea than that she will in all probability be armed with such 
ordnance as may be found to answer best in the Warrior and 
Black Prince. We come, then, to the plated timber ships; and 
these 1 may u.sefully compare with the model French vessel. We 
know that La Gloire, which is 252 ft. 6 in. long, has an armament 
of .'}4 guns upon her main deck, and two heavy shell-guns besides 
— 36 guns in all. Now our ships ai-e to be more than iO feet 
longer than her, and will therefore take two additional guns on 
either side; so that they will carry not less than 40 guns, if tha 
ports are placed as close together as in La Gloire. 1 nee«l claim 
no greater advant^refor them in respect of their armaments; buk 
they are manifestly entitled to this. As a matter «i fact, how- 
ever, they will probably have a much more pow(.'iful armament. 
It is proposed, I believe, to arm them with abovit aa ma.u.-^ 'e^>!* 
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oa Ija Oloire on tLe main deck, nil lOO-pounder ArmslroD^, and 
16 or 18 other puus, priocipally Aruiatrongs, on the iijuifr deck, 
Drnking about 50 i;uus in all. Iftliia intcntioD be mrried •■ut, 
they will manifestly be much more powerful vessels thua the 
original French ship. The newest nud largest vessels, those of 
4<X^ feet ju length, will each carry at leiiat 40 Arnisti-ong loO- 

r)undera ou the raain deck, which will be cosed with armour, as 
Iwfoi-e stated, from end to end. In addition to these they will 
doiibttesa have powerful onlnauce on their upper decks, for use 
under favourable circumstauces. But all these arrangements are, 
1 repeat, liable to change.^ 

Unfortunately, I atn unable t« compare the power of these ves- 
aels with that of the largest of the French iron-cased ships, owing 
to the absence of all detailed iuformatiou cuncerniug them. I trust, 
however, that the admiralty are in posses-sion of the necessary 
particulars, so that the delay which has taken place may be turned 
to the b«8t jjossible account by securing superiority for our fleet. 
If this be so, then we shall, after all, profit by the apparent slug- 
gishness of our naviil authorities. In fact, if England had France 
only to consider, nud if the government of England were em- 
bodied in a single sagacious ruler as absolutely as is that of Fmnce, 
an that we could insure prompt action in an emergency, the very 
best course for us to pursue in this great naval competition would 
be to leave the lea<l in tlie hands of the French Emperor, talking 
care to add a ship to our navy for every one added to his, and to 
luuke f.urs much more powerful than his. In the event of a war, 
onr manufacturing resources would be abundantly sufficient to 
secure for us a further and almost instant preponderance. The 
gixme which we should thus play would be both [wlilical and eco- 
nomical. B\it with other naval nations to compete with, and 
with the inertia which inevitsibly, and often happily, attends a 
constitutional and parliamentary system of government, we can- 
not affonl to play games of skill with omnipotent emperors, but 
are bound to oe ever ready to aasert our pre-emiueuce. 

I Ji.ave a little information concerning the Solferino and her 
sister French ships, which it may be useful to give you. Her 
length is 282 feet, breadth 54 feet, mean draught of water 26 feet, 
displacement G820 tons, thickness of armour plating 4| inches, 
nominal horse-power of engines 1000. Her plating e.xteads from 
stem to stern over the lower gun-deck, and rises up amidships 
Hiifficienily high to cover two decks. She is furnished with an 
angular projection or prow below the wutor, for forcing in the 
aide of an enemy, when employed as a ram. I regret my inability 
to add materially to these details of the largest French ships. 

Let me now consider briefly the pecuniary phase of this iron- 
cased ship question. We may fairly assume that the average cost 
of »uch vessels will not be less tlian £')0 per ton, and that their 
engines will cost at least i,'GO per honte-power. Supposing these 
figures to be correct, then the hulls of the eighteen ships which 
we have been considering will cost £4,631,600, and their engines 
i!l, 143,000 — together nearly »».r millioiut pounds sterling. When 
masted, rigged, armed, and fully equip|»ed for sea, they will, of 
C(>ur«e. represent a much larger sum — ynobivbly nearly eiglU niU- 
I'totiM. These estimates will atford some f;*int conception of the 
nature of that " reconstruction'' of the navy upon which we may 
now be said to have fairly entered, in so far as the ships them- 
selves are considered. 

Bat I must not conceal the fact that the introduction of these 
enormous iron-cased ships has entailed u[)on us tlie construction 
of other colossal and most costly works. We have now to pro- 
vide immense docks for their i-eceptiou; for we at present possess 
none suit^ible to receive them. Nor niunt these docks be of large 
proportions only; for in onlijr to sustain ships bnivl»'uetl with thou- 
sands of tons of armour, they must be furnished with more sub- 
stantial foundations and walls than any hitherto constructed, and 
bo built of the best materials and with the soundest and firmest 
workmanship. 

Many considerations combine to exalt the importance of this 
part of my subject. In the first place, the temleucy which iron 
ships h.ive to get foul below water will render it neceaaary to dock 
our new shitxs frequently under ordinary circumstances, and whe- 
ther we go to war or not. In the second place, for aught we yet 
know, these ships may be found to give signs of local weakness 
as soon as they are taken on an oc^an cruise, and to require such 
repairs and strengthenings as can only be performed in dock. 
Again, being steamships, they will be continually liable to acci- 
dents in connection with the engines or the propelling apparatu-i; 
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and with many such accidents docking will become indispensable. 
Anil so I migiit proceed U^ multiply examples of this kind. But 
there is one consideration which is paramount, and which may 
therefore be stated at once: we dare not send these ships against 
a French fleet unless we have docks for them to run to in the 
event of a disaster. We know not what may happen to these 
altogether novel structures, until they have been exposed to snc- 
ce.ss)ve broadsides fr>im a heavy navaJ battery; and it would be 
madness to send them out to encounter a powerful tleet of vessels 
as strong as themselves unle.-;s we are prepared to open docks to 
receive them in case of necessity. 

1 have said that we are at present without dock accommodation 
for these ships; and it may be desirable to illustrate the correctness 
of this statement in detail. What we require for them in each 
case is, first, deep water up to the entrance of the dock; secondly, 
a depth of not less than 27 or 28 feet of water over the sill of the 
dock; and thirdly, a length on the door of the dock of 400 feet 
Now, the.se three conditions are not combined, I believe, in any 
dock in Great Britain — certainly not in any of Her Majesty's dock- 
yards. At Portsmouth we have just completed a pair of docka 
which can be thrown into one, 612 feet long. But over the bar 
of Portsmouth harbour there is a depth of 17 feet only at low 
water, 27 feet at high-water neupt, and 30 at high-water springt. 
Consequently, these large iron-cfwerl ships, if they went to Ports- 
mouth in aduugerons state, oriu hot hasteto get to soaagain, would 
nevertheless have t<i wait for the very top of the tide before they 
could get either in or out But oven if there were no bar, the 
Portsmouth dock would still be unavailable in such an emer- 
gency: for the depth of water over the sill of one portion of it is 
but £5 feet at hi^di-water springs. It ia into this dock that the 
Warrior is shortly to be taken for the piirpfise of having her 
launching cleats removed, and her bottom cleaned. As she can 
at present afford to wait upon the tide without iueonvenienoe, 
there will Ixj no ditTiculty in this c-ise, But ia war time it would 
never do to keep such an im;>ortant member of your squadron 
fretting for the tide at Spithead, or to have tt> lighten her before 
she could cross the docks sill. At Devonport, again, the longest 
dock ia only 29!) feet long over all; but I am happy to stale that 
one is in progress of construction 437 feet long, 73 hniad, and 32 
deep at llii» sill. At Keyham, the longest dock (the South), 
which is 356 feet in length, has but 23 feet depth at the sill, while 
the North, which has 27 feet, is but 308 feel Irtng. At Pembroke 
there ia n dock 404 feet, but it has a sill of 24 feet C inches only. 
The longest dock at Sheeruess is 280 feet; at Woolwich, 2:Kt; and. 
at Chatham, 3S7, but the hist has but 23 feet 6 inches at the sill. 
At Deptford thei-e are but two docks, opening into one, and they 
are veiy shallow. There are a few large private dnc'as in the 
country which come very uenr to our requirements. There is the 
Canada Dock at Liverpool, for example, 501 feet long, 100 broad, 
and with 23 feet 9 inches over the sill. There are also No 1 
Dock at Southampton, and the Millbay Dock near Plymouth, of 
which the former is 400 feet long with 25 feet over the sill, and 
the latter 367, with 27 feet 6 inches over sill. But none of these 
answer all our requirements, nor could we avail ourselves of more 
than one or two of them in time of war if they did. 

If we turn to the French coast, we shall find that in this 
matter also we are far behind our neighbours. At Cherburg 
there are two docks 4D0 feet long and SO broad; two 380 by 70; 
two 350 by 65; nud two smaller ones besides. At Bi'est, again, 
there {^ buildiui; u double ilock 720 feet by 90; and there are also 
two 4!)2 feet by 60, and two smaller. At L'Orient there is one 
350 feet long, and another (building) 507 feet At Toulon there 
are two in progress, one 40'J feel l<mg, and the other 588, beside 
several smaller docks which have e.xisted for some time. I cannot 
give the depth of the sills of any of these French docks, for I 
have been unable In obtain that element in any single case even, 
and I am assured uo account of it is anywhere recorded in tbia 
country. But there is no good reason to doubt that a proper 
depth h.'vs l>een given in most iusUtnoes, 

You will u"w be able to a>mprehend the advantage which 
France hjis secured in this matter of dock accommodjiiiou for her 
iron-casetl fieels, and will readily discern that danger to which wa 
shonld be exposed in the event of an cirly war with that country, 
A single action might so seriously cripple both fleets as to render 
large repairs uectssai-y; but Fmnce alone would be capable of 
renewing her strength, — it would be our lot to lie crippled in our 
harbours, while she captured our commercial vessels and menaced 
our coasts. 

I am perfectly well aware that a lar£;e increase of docic accom- 
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tncdAtioa ia to be supplied at CJhatbam forthwith. But our Cban- 
oel anil Mediterraaean Qeeta must not depend upon docks at 
Chatbani, which cannot be reached from the south until a long 
pMiage has been made, the Nore eanda threaded, and an intri- 
Qkte and shallow river navigated. We must give to our ships the 
adraotage which Cherburg secures for the French, and which 
ihey propoae to augment by establishing at Lezanlriem* an 
itninense steam arseaal, protected by &u impregnable seiiea of 
(Je{«ooes. 

It will now be seen that, in order to place ourselves upon an 
•qoality with the French unvy, no less than to meet the certain 
emergencies which must arise with our recoD8tructe<l fleet, we 
ooght without delay to found n colossal dock establishment on 
maae favourable point of our southern shores, furnished with the 
nouia of carrying on extensive rejiairs in time ot° war. The most 
■iutabl« of all positious is probably that of Southampton Water, 
the ahore of which, at the entrance to the river Hamble, presents 
conditions and circumstances which finely qualify it for the pur- 
pose. If we are wise enough to build a set of suitable docks 
there before the time of war arrives, we shall have the satisfaction 
of knowing that the largest iron-ciaed ships now in contempla- 
tion will be able to run in and be docked with all their stores on 
botird, and everything standing. And nothing less than this 
•hould satisfy us. 



rS'STTTUTION OF ENGINT.ERS IN SCOTLAKD. 

The first meeting of the sesalon 1861-2 of the above society was 
beld November 13, 1861; the president, Wm. Jounstone, Est]., 
delivering the introductory address on the occasion, as follows: — 

lb appearing before you, I think it right to tender you my best 
thanks for the honourable position you have placed me in, by elect- 
ing me president of this rising and, what I trust it will yet be, great 
aad osefnl institution; and while I do so, I cannot but feel that 
the im^rtant duties attaching to the office would have been 
more efficiently discharged by some other of its members, 
aillioogh by none who has more at heart the interest of the insti- 
IStioii. I crave, therefore, your indulgence for any deficiencies 
and shortcomings. 

I have not the same cause as my worthy friend who preceded 
m« to regret, as he did at the opening of his last address, that 
tew papers hod been rea<l and discussed before the institution; as 
during last session there was not only a good number of ihem, 
but thsy were all of a highly interesting character, and at once 
eaJcnl&ted to advance science and throw much light on the various 
subjects treated. 

It must indeed be generally admitted that the volume of our 
tnuuaetions for last session, just issued to the members, exhibits 
a d^ided advance upon the previous reports of our earlier pro- 
ceedings; and this whether we consider the amount of matter, 
the importance of the subjects disicussed, the value of the informa- 
tion elicited, or the increased willingness of our members to take 
p&rt in the discussions. As showing the great interest taken in 
the subjects brought before us laat session, I may remind you 
that the discuasioa of some of them was renewed on several 
diiferent evenings. 

The important subject of air engines was introduced at the 
first meeting by our late president; who exhibited in actual 
operation a small engine of this kind made by Ericsson, and 
brought over from New York. The chief merit of this little 
engine appeared to be its convenience in applictxtion where a very 
•mall power was re<]uired; but it did not seem to be economical 
in the use of fuel. The subject was resumed at the third meeting 
by Mr. P. Stirling, who gave us a description of, and the practical 
nsnlts obtainevl by, the earliest air engine ever ia operation for 
•ay length of time, and which was erected by Mr. James Stirling 
at Dandee in 1642 — the economy in fuel of which ha« hardly 
been surpassed during the interval since that date. It ia true 
the particulars given in the paper had been furnished to the 
Institution of Civil Engineers some years ago; but the council, ia 
reqn-ssting Mr. Stirling ro read it, believtSl that the time had 
arrived when it was desirable to re-open the discussion of the 
•object, which could not be done better than by the paper in 
qtisstion. The extremely interesting discussion which followed 
nUIy justified this step. Stirling and Ericsson's engines were 
eoBfpind, and the important differences in their modes of action 
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considered, and the advantages of the former pointed out. It 
appcare<l that Stirling's could be made to work satisfactorily up 
to fifteen or twenty horses power; but that for larger power ' 
great difficulty was experienced in getting heaters to stand. Thd 
Bnbject was again brought up at the last meeting of the session by 
Mr. Lawrie's elabonte theoretical paper on the operation of air 
engines; and in the discussion which followed a prominent part 
was taken by Prof, i^ukine and Mr. Brownlee, who contributed 
valuable materials towards the elucidation of the subject. It is 
not, however by any means exhausted, and there is reason to 
expect that we shall have additional papers during the present 
session. In some respects, if theoretical promises are re.<vlised, 
the air engine should apparently possess advantages superior to 
those of the steam engine; and the prosecution of the subject 
should not bo relinquished until practical difficulties are over- 
come, or the supposed advantages proved to be imaginary. 

At our second meeting we h.-wl useful psipers read by Prof. 
Bankine on engineering field-work, and by ilr. Froude on the 
junction and laying out of railway curves — another branch of the 
same subject. The former supplied rules for ranging and 
measuring the inacct^saiblo parts of straif'ht or curved lines; 
whilst the Latter entered with extTeme minuteness into the imKI 
portant questions of the caut that should be given to the outsidfl 
leg of the curve, and the best modes of uniting two unequal oi 
contrary curves, or a curve with a straight line. The discuasioa^ 
of the subject was again taken up at the fourth meeting, when 
adilitional matter was furnished by Mr. Froude, and the particu- 
lars of a case of sharp reversal of curvature on the South Devon 
Railway were given by Mr. Bell — showing that a careful and 
pnins-tnking correction of the line by those in charge, in accord*^ 
ance with the indications of defects produced by puiiisiug trainiff 
had gradually brought it to closely approximate to Mr, Froude'^ 
curve. A small portion only of our members took an interest ii 
the subject of this paper. In an institution, however, like our 
own, designed to comprise an<I bring together all cla&ses of 
engineers, something of that kind must occasionally happen; but 
it shouhl be remembered that the interest of our transactions is 
considerably enhanced by the variety in the topics of tlie pa|ier8 
they contain; and each of us should bear in mind when listening 
to a paper of little interest to himself, that other papers of more 
interest to him may have been of considerably less to other mem- 
bers. It is due, however, to Mr. Froude to award him special 
praise for the very interesting manner in which he treated! llie 
subject, and for the very great care and labour bestowed by him 
in order to render it as complete as ponsible. It is a paper whic 
well deserves to be referred to as an example by future contributor 
to our proceedings. In it and the discussion which followed 
thereon will be found sufficieat data to guide and educate the 
young engineer in this important branch of civil engineering; 
and there is no other branch that I consider more uecessar) ' 
for an engineer to mtUce himself thoroughly master of than this. 
It will have the effect of economising time in the laying out of 
a railway, and capital in its construction; while it will insure 
mathematical accuracy in the laying down of the permanent 
way ami works, as well as their maintenance on correct 
principles. 

At our fourth meeting we had two papers from Mr. Simpson, 
one describing an improved pump, which was illustrated by a 
working mwiel. The mstitution .w^ill, I am sure, be glad to receive 
from Mr. Simpson an acccount of the practical application of this 
pump to mines; its trial on a large scale having been recommcndeil 
when the paper was read. 

Mr. Simpson's second paper wna on the ventilation of mines. 
It described a very ingenious apparatus for indicating the 
dangerous presence of explosive gas; and with respect to it 
the institution also hope to receive an account of practical 
experiments which were to be undertaken to test the ranga 
and accuracy of the indications. If these experiments znT 
satisfactory, the instrument will be a moat valuable protection 
for the miner. 

We luui during the session another paper relating to mines, by 
Mr. James Ferguson, It treated principally of underground 
mineral transit. It was highly interesting, and will prove to 
a valuable paper for reference, ou account of its numerous and 
carefully narrated statistics, and its elaborate comparisons 
the different modes of underground conveyance hitherto and 
present in use. 

The subject which last sessioa elicited the keenest disciission 
was that of the auriace condenser, intcodoicaii a.t, tJi»i ^&V>. v&sftMxo^ 
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hy Mr. Davison's paper, ami resumed at the sixth aud eiglitb meet- 
ings, h has been reuiurktHi that in this discussion there was a 
little too much irrelevant couteiition between the advocates of 
rival plans; bnt it must not be forgotten that, wlthoit this 
element of rivalry, thoae taking part in the discussion would not 
have felt theroselvea impelled, as they were, to supply us with 
the large aiuouat of informntiou, the numerous facta and practical 
results, and the various considerations both in favour of aud 
against each plan, which were actually elicited; and all of which 
should be known and considered by every one desirous of select- 
ing the best condenser. It is in laboriously endeavouring to 
devise a condenser (or other useful m.-ichinc) that shall surpass all 
others, and thus confer a benefit on the community, that an 
individual beootues the interested advocate of a ytarticular kind. 
It is natural to suppose that such a person has studied the suVj- 
ject more than one not apeciiLlly interested in it, and in conse- 
quence of such study he ahould be more able to supply correct 
information and advice upon it. It is always the best information 
and . advice on any subject brought up which the institution is 
desirous of eliciting and pL'iciug on record; and if we except 
purely theoretical subjects, it is from interested advocates of 
particular views and plans that we should expect to get it. The 
rea<ling of papers before institutions like this, even though it be 
by interested advocjites of the plans such papers describe, cannot 
in any sense be likened to ordinary advertising. In the latter, 
everything that can be said in praise is fully written up, and 
iituch there are no grounds fur; whilst all particulara on which 
the readers can exercise their own judgment are atudioualy 
omitted. In the former the author challenges the criticism of 
his hearers, exposes his plans to comparison with any others that 
may be brought furward, aud submits his advocacy to searching 
examination. His paper is thoroughly discussed, and, as the result 
of discussion, his views may be confirmed and advanced, or, it 
may be, discouraged aud negatived. He risks this from a bond 
fide belief in the merits of his plans; but whatever the result, the 
institution will have elicited the best information on the subject 
that is obtAin.ible from its members. 

At the fifth meeting our attention was also directed to the sub- 
ject of gas engineering by Mr. David Laidlaw. It wns not Mr. 
Laidlaw's design to intro<luce U> our notice any special novelties, 
nor to enter into any very abstruse questions; but he gave ua, in 
an interesting aud concise manner, a brief retrospect of past 
doings, and a general view of modern practice, in that important 
department of engineering. Mr. Bartholomew contributed 
considerably to the interest taken in the subject, bv presenting 
08 with drawings and descriijtiou of the lar^e giisholtler and tank 
recently erected from his designs by the Glasgow City and 
Suburban Gas Coni|>any. 

At our ninth meeting we had Mr. Milne's most valuable paper 
describing the removal of the junction hick at Gmngemouth, aud 
its replacement by an enlarged lock, forming an imporant aildilion 
to his contribution of the previous session, which also related to im- 
provements in the canal works at Grangemouth. These papers are 
of a class that, I think, the institution ought to be desirous of 
encouraging, on account of the valnn thov impart to the tnin-sac- 
tious, from their importance as articles of reference. The simple 
and concise phraseology, and the cpiantity aud minuteness of 
details, both in the description aud diawiugs — upon which the 
practical value of such papei-s mainly depends — entitles them to 
be taken as standard examples for future authors of similar ones; 
but they have also the advantage of describing engineering expe- 
dients, remarkable not only from the nature of the ditliculties to 
be overcome and from their novelty, but also from tlie ingenuity 
displayed in devising ihcm, the skill shown iu carrying them out, 
and, above all, from their small cost compared with the practical 
advantages derived from them. 

We had, finally, Mr. Simpson's paper on canal locks, which was 
illustrated by a working model. Mr. Simjjson remarked on the 
gi-oat waste of water involved in the ordinary lock system, and 
propoawl as a substitute a very ingenious plan, exceedingly sim- 
ple iu its action, and which pmmised to be considerably less 
costly iu oonatruotloii, working, and mitiutenance, than mechanical 
lifta, such as that at Blackhill on the Moukland c.^nal; whilst the 
cxi>euditure of water would be reduced to a minimum, and in 
. tome cases altogether obviiiled. It appears to me this plan merits 
careful oonsiileration. 

Having gone over the various papers brought before the 
imtitiitii>u during the last scsaion, I Hhull only shortly refer to 
^»^?e oi t}iu3e subjects which I think ought to continue to engage 



the attention of the members of the Institution, aod to obtain 
from them valuable papers thereon. 

The subject of mining is one of great importance, and there is 
none more desen-ing the attention of the engineer, with the view 
towards an improvement in the mode of conducting un<lergronnd 
operations — tending not only to improve the condition of the 
miner in every respect, but economising to the proprietor the cost 
of jiroductiou. The produce of our mines, whether considered as 
the great element of industry, or as the mighty agent used for the 
production of mechanical power alone, is well deserving of the 
consideration of the members of this institution. Before the days 
of Walt and the steam engine, the mining of this country was 
meagre and insignificant compared to the important position it 
has since acquired. The 8t«am engine, which gave the miner 
facility for draining the seams of coal aud ironstone, also enabled 
him to make deeper shafts, obtain larger outputs, aud carry them 
to markets never dreamt of until the days of the steam engine 
aud rail. 

The field of labour under this head is wide, and always 
attractive to the mechanical engineer. It is doubtful if the 
genius of Watt, when he first look up the steam engine, could have 
found more congenial employment than in scheming and arrang- 
ing its details to win and uuwaterlhe vast fields of coal which lay 
deep and inaccessible throughout the country. It is well known 
that the extensive fields of the north of England gave rise to the 
first practical development of the idea of locomotives and rails. 

From reliable sources we learn that the annual produce of coal 
throughout Great Britain has now reached the enormous output 
of 80,000,000 tons. It wouhl be difficult to arrive, even approxi- 
mately, at the power of the machinery employed to lift this pon- 
derous weight to the surface, scattered as it isthroughoutall part* 
of the country. It is calculated, however, to be not more than a 
fourth of the total power reciuired to raise it and the drainage; or, 
in other words, for every ton of coal lifted there are three tons of 
water. It has been estimated that nearly one-sixth of the total 
annual produce of our coal mines is used for the production of 
mechanical power alone, from which a power equal to 6f),'000,(X)0 
able-bodied men is obtained; and, upon the same calculation, the 
total annual production of the United Kingdom is equal to the 
strength of 400,000,000 men, or more than double the number of 
adult males now upon the globe. The mechanical appliances 
employed underground are daily increasing; and the engineer who 
could contrive aud arrange a locomotive to suit the peculiarities 
of underground haulage, would receive and well deserve the 
lasting gratitude of the coal owners of this country. Though 
various schemes have been tried to introduce machinery to work 
coal, I am not aware that any of them have been found effective 
or practically useful. However, the many ingenious contrivances 
to be found in our workshops and engineering establishments for 
reducing manual labour, would induce the general observer to 
anticipate that even in coal-hewing the time may not be far dis- 
tant when some mechanical arrnugcment will be introduced to 
aid aud economise the labour. Though no very alarming question 
hiiH yet been put i-eganliug the duration of our coal-fields, it ia 
well known that more attention has of late been paid to the 
economising of them. Modified and improved systems of mining 
are being gradually introduced; and these improvements, while 
they rew-ird the enterprising, keep this country ahead of other 
countries, from the aid and impetus which a cheap supply of fuel 
gives to the manufacturer. 

ijituntfd as we are in the centre of a rich and extensive 
mineral field, enjoying the advantages of cheap coal and iron, we 
canunt forget that tlie hands who produce so much of this 
country's weidth are subject to many painful esisualtios; for we 
have the means of knowing that throughout the mines of the 
United Kingdom upwards of a thousand persons, from various 
causes, are 8:icriticed annually. In this immediate neighbourhood 
wc have been lately startled by one or more of these disastrous 
occuiTence8;and wliilfl those best informetl on these matters seem 
not to cilculate Upon more than an amelioitiliou of such calamities, 
yet it is clearly the province of this institution to foster and 
encourage every aim having for its object the safety and improve- 
ment of this useful and invaluable class of men. 

During these days of general progression, the locomotive engine 
has not been stagnant, but has been becoming gradually niorfl 
matured, and its ]>owera more fully developed. From the great 
advantages derivctl from machinery in its construction, and f?om 
the superior description of materials now used, engines are mt^nn- 
factured with a precision approaching perfection, thereby lar^ly 
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tthxiiBbluDg th« cost of coDStructioUf and greatly increasing their 
powers of endurance. Aa an instance, I maj mention the pretty 
geoeraJ introduction of ca^t-sted tire«, which from their superior 
quality and haniness will laat twice as long as the best Yorkshire 
iroa, and from their great toughness and strength will be much 
lea liable to accident than those presently in vne. I think before 
many years castF«teel will be uuiversaliy adopted for the tires of 
both eogiue and carriage wheels. The chief objection to them at 
{ATosent is their cost — an obstacle which, I have no doubt, will be 
got over Its the demand for them increases. 

Perhaps the greatest improvements that have been made on 
locomotive engines of late, however, have been more immediately 
connected with the eoonoTuy of their use. Since the introduction 
of coal ns a substitute for coke, it is gratifying to know that the 
wune work am now be done for one penny per mile which only 
▼«ry lately cost three[icnce; and, as au illustration of this, I may 
mention that some passenger trains, having a gross weight of 
Cram fifty to sixty tons, .are now propelled at a speed of forty miles 
ui hour, at a cost of a fraction over a farthing per mile for fuel. 
Not long ago, eightpeuce to tenpence per train mile was con- 
sidere*! no extravagant sum to pay for locomotive power; the same 
work is now done tor something less than sixpence. This result 
luu*. no doubt, been brought about by the attention that has been 
paid to the construction and working of the locomotive engine. 
Ko doubt much remains yet to be done by skilful and enterprising 
KDftchanics; but, I must say, it seems at piescnt dilticult to point 
ont by wtiat means much greater economy, in fuel at least, can be 
obtained. 

Gitfnrd's feed injector appears to me destined to play an iro- 
port.Hnt part in locomotive economy. From ita perfect siniplicity 
ia cjnstruction, being entirely without parts in motion, tliere is 
A complete exemption from the wear and tear consf'iuent on the 
lue of j»ump«, with their various valves, plungers, and conducting 
pipflfl. Unlike the ordinary pump, it 'm entiieiy free from liability 
todaisage by frost in severe weather; while tho engineman can 
feed hia tM>iler when the engine ia at rest, in a siding or other 
eitonlion where he could not pump w-iter by the old arrangement 
— and so getting rid of donkey engines and pumps, and their 
alleDdant tear and wear. The ease with which it can be applied 
to any [lositiou that may be wanted, and the readiness with which 
the method of working it can be picked up by any ortlinary fire- 
nsn in a few minutes, insures its almost universid aduption at no 
distiuit date. I am aware of instances where locomotive engines 
employed in all descriptions of traffic for months past, having no 
0lli«r means of supplying their boilers with water; and in no 
tDSUuice has there been the slightest detention to the trains or 
wuit of action on the part of the injectors, and theeuginenlrivers 
hare the fullest confidence in them. I believe the only conditions 
to be carefully attended to with them is the iiKJiig of jture water> 
and the maintaining of the water to be injected under a tempera- 
ture of ] 30'', as above that heat the water does not seem to be 
oapnble of condensing quickly enough the steam which is used to 
force the water into the boiler. It seems to be enualiy manage- 
able at all pressures of steam; ardoue o( {in peculiarities is, that 
the higher thu pressure of tlie steam, and consequent r'eaistauce of 
the water in the boiler, the greater ia the quantity of water it will 
deliver in a given time. 

Allau'<i preiware gauge is another recent and very successful im- 
provement in the locomotive engine, the engine-driver being at 
all time«i able to assure himsdf that it is in accurate working 
onler. This gauge indicates the pi-essure by the compresainn of a 
quantity of air, which can be measured and renewed at .any lime 
by the turning of a couple of cocks. I am glad to say that it is 
beginning now to be pretty generally adopted. 

I have noticed what occurs to me to have been the moat pro- 
minent improvements recently made on the locomotive engine; 
and, as ie§ards the carrying stock of railways, it appears to me 
that the most important improvement is their increased capacity, 
whereby each carriage and waggon is made capable of carrying 
donbte the load of the old ones, and that without greatly iucreas- 
iog the weight of the vehicles, while only the same number of 
wbeels and axles is employwl; so that the tear and wear has not 
increased in the same ratio that it would have done had the same 
original description of plant been jierpetuated. Ami while these 
improvements have been m.ade in the cjirryiug slock, it is evident 
that the «»me amount of tonnage cm lie shifted with a much less 
e»p' i' locomotive power than formerly. 

I i-r call attention to the use of malleable-iron girders 

io Uie consiiuction of railways and other works, and the adoption 



of cast-iron cylinders for the under structure of bridges and 
viaducts, where such required to be carried over rivers and 
streams of considerable depth. One of these has been con- 
structed by Mesjsra Blyth, of Rlinburgh, for carrying the Port- 
patrick railway over Loch Ken in Kircudbrightehire. It consists 
of three water arches, with land arches on each side. The two water 
piers are founde<l in very deep water, considerably above twenty 
feet. The cylinders are somewhere about eight feet in diameter. 
After the cylinders were loaded and sunk to their proper depth, 
and the stuff excavated from the interior, they were securely built 
inside with sdid ashlar freestone wrought to the circle of the 
cylinder. The top of the cylinders a>rresnond nearly with the 
ordinary level of the loch, upon which ashler piers are niised to 
the level of tho Lattice girders for carrying the ))ermuneut way. 
It is altogether a very neat and substantud structure, anil reflects 
great credit upon the designers. I have procured photographic 
views of it, which are now laid on the table for the members' use. 
The great advantage snch a work has over the old plan of building 
viaducts in such a situation, ia the facility alforded in obtaining 
a foundation for the piers, without resorting to the expensive, 
tedious, and uncertain process of cofler-dams. This plan is al»<i 
being atlopte<!l for carrying the Charing Cross railway from the 
Hangerford market across the Thames to the Surrey side, on the 
site of the present suspension bridge. 



INSTITUTION OF CIVIL ENGINEERS. 
«. P. BiBDKK, Esq., President, in the chair. 

Nov. 1 0, 1 861. — The whole of the evening was oceupied by the Discim- 
gion upon Mr. LoNoninGE's paper on " The Hooghly and thr Mnula." 

It was rvmarked that owing to the increaaetl trade of Calcutta, and 
tho inBufficieut aooommociation for shipping in the river Hooghly, aai well 
as of warehouse nxim on the Imnk, an inquiry hnd heon instituted iw to 
whether aayof the chamielsin the .Suiidcrbutidii could bt ruinlered available 
for the rolief of that |>i>rt. The Mutlii had Itoen found to aniwer the re- 
qniivmonts, as it posaeetied a safe and convenient navi^Atinn, with a tritot 
of land suitable for warehouses and offices on its banks, within a moderate 
distance of Calcutta. The chief objection to the new settlement iiod 
hitherto been the unbealthinecs of the site ; but its salubrity woulii im- 
prove year by year, as enitiankniente were tieing made Ut keep out Ihi; 
tlootl of high tides, tlie laud was l)ci]ig drained, roads formed, anil tankii or 
reservoirs exuavateil to hold and en8ur« a good supply of pure fi-esh water. 
There were numerous appljcants for the land, which was sold in allot- 
meuts on building k-iase. and there was every prospect of the new port 
afifording a useful and atuxtnajry adjunct to Calcutta. 

With a view of B«oertainiiig what peculiar causes were in operation to 
make the channel of the) Mutla so much <k>ep«r and more regular than 
that of tho Hixpghly, a chart of the upper part of the Bay of ^ngal had 
been cont<)urc<l. It wuii thus found, that there wae n deep water channel 
in the centre of the gulf, somu portions of which b.ul not been sounded at 
300 fathoms; that the water shoaled from loO fathonui at 20 uules fnini 
the ooast to 5 fathoms at ."i miles; and that the channels passing up tlie 
oreeka wen nearly at right angles to the lino of from SO to 50 fathoma of 
water. Ai»o, that the cntratift: to the Mutla was the aeamt to the deep 
water; hence, there vae a greater freedom of currant, and the floo<l was 
carrieil more quickly up to the head than in the othen, causing its cluuiittl 
to be superior t<i that of the Hooghly. 

The most violent winds in the Bay of Bengal were frwm the southwest, 
and if uctKinipanierl with a spring tide, the littoral of Hindostan must be 
swept from its southern part to the mouth of the Hooghly, which lay op<*n 
to receive it, and nieetiug with extenntvo shoals the force of tliu flouij was 
uhecke<i, until it had attained some height, when it was humed forward 
up the estuary of that river, and formed a dangerous "bore." Such 
onuld not be the case in the Mutla, from its deep wster channd beiiig at 
right angles to the course of tlie fltxxl, and immedi.ttely connected with 
the deep water in the centre of the bay. On the other hand, with north- 
east winds, the deep water of the centre of the bay and the whole leogtli 
of the gulf wa« forced seawards, and mujiit be the csusc of littoral counter 
currents nmning northwards, airrying with them the detritus to the besul 
of the bay on both sides. Hence there was a preponderating [Miwer in 
the tidal cnnvuta, as well as the detritus brought down the rivers to find 
a resting- phice there. 

In ri'gard to the amount of solid matter contained in the waten- of thr 
Hooghly, it woA stated, that although Major Renneli hod in biii ' ^leunir 
of Uiudo«taii ' estimated the water of the Ganges t«^i consist of one-fourili 
port mud. yet in other wriUngs he IumI given it as only t}»e ji^tU part. 
This agreed more nearly with Mr. Piddingtonu experinienta, which 
showed tbequantity to be the ^hrth ]mrt, suxd with tho liev. Mr. Kvrreft'K, 
who made it the n-^th part, l>oth during the rainy season. The Nile 
contained -j4^ of it* hulk in mud, aud the llumber xirj' ^'f which lultrr. 
8.ind formed about 75 per cent. But even allowing that 7^,t»Hl.^''| i 
cubic yards of soUd earth wcte de^^osv^e^ -<jesdA:^ 'vcv^^ouf^s^ ■md^\>» 
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edtuarj-, th« would only give I4 inch in doptli over an ftren of 600 
iqunrc mi]<'^ included within tho 3-fftthom contour; and if the »reft wh 
extended to the S-fathom contour, »nd embraced also the inlet of the 
Hocighly, ihun tlue area wuuld contain 1200 aquare miles, and tlie deposit 
Would tinly amount to |-inch in depth. 

A belief existed that a great deal had been done by the former govem- 
mont of India to facilitate a Uiat [uuwa^ frum Caloutttk throu^'h Lh« 
Siuulerbunds, But by a return to parliament, thia amount apiH-nn-d not 
t<> exceed £37,000; and the chief improvements in the cauak in the im- 
mediate vicinity of Calcutta had been in tlirowiog bridgM acrow the 
atreanu, and in making ruads on the banks. Scarcely any outlay had been 
incurred in straightemnsj the water couraoe, or in deepening them, either 
by manual kbour or by iWlging. It was thought that one of the three 
Nuddea rivers, which were now only navigable during the months of 
July, Auf^igt and .September, should have been rendered fit for naviga- 
tiun thnjufrhuat the year, not only for the native boats, but for the lighi- 
drau^'ht Bteamen trading on the Ganges. According to a parliamentary 
retm^ the areraga cost per Mmurm , extewling ovur ten ytan, of main- 
taining these river*, including salanes and the whole esUbEshment, was 
£S2¥*; whilit the average tolJb, after deducting the expanse of collection, 
amounted to £14,486 per annum. There muat therefore be a oonaier- 
abie balance in hand, which might well be laid out in Htraightemng the 
best of these channels, deepeaiug its bed and raising ita bonks, with other 
engineering works, su u to maintain a sufficient depth of water for the 
purposes of navigation. 

Turning now to the Sundcrbund diatrict itself, it would be found that 
it comprised an area of 4500 fl<]uare milett of low laads inundated during 
the niiny seaxon by the overflowing of the numerous rivers and water 
oourses, pnxlucing a rank vegetation, and over most of it a den«e jungle, 
the hol-bc<l of fever, fatal to human life, and the miasma from which must, 
with certain winds, be carried to the cultivated districts, and even to 
Calcutta itself. If a proper system were adopted, of dividing this vast 
aitd at preeent useless territory, by a aeriea of cuts, surrounding the dia- 
triota by embankments, and allowing the water when charged with aedl- 
meiita to remain for a time within'them, and run off at low tide, these 
lands wuuld rapidly be warped up, prubably two or three feet in a seaeon, 
and make an ample return of most valuable prcnlucG, as had been for 
many yeaza paat so succeiixfully adopted in the Trent, the Ou«e, and other 
rivers in connection with the Humlier. 

It woe believnl that the flood and ebb tides both took the same course 
in the Mutla, wheretis they entere<l iiud left by different channels in the 
Hooghly, and tliat this was sutticient to explain the difference in the 
depths of the channels. As to the utility of bock water, it was argued 
that the Mutla navigation mudt have been maintained by back water 
through the same clumud, and not by tidal acour alone; that it was made 
by the water* of the Ganges, and afterwards abandoned; and that so long 
as there was an absence of any great quantity of mud, the channels must 
remain open. 

There wei* several other examples in India of harljonn which were 
«u»Bdin^y goo<l, where there wa« little or no fresh water, though 
originally ma<le by the gwiat waters from the buid. The easterly and 
west«rly branches of the Indus wwe at tlie present moment iKith tidal 
eituaries, and other places might be named. 

It waff mentione<l that Barrow Ilarlxiur, on the north side of More- 
cambe Buy, otforded another illuBtratiou of an unchanging channel kept 
open by tidal scour alone; but, on tb<- other hand, it was thought that 
the freedom from deposit in this h.wl«>ur was due to the stream which 
ran through it. Tba harboor at Portsmouth, and, in a leas degree, that 
at BMUsgate, were instances of harbours silting up for the want of fnsh 
water scour, which it was contended, should always be sought for to keep 
a hjkrbuur clear. To this it wtw replied, that there were numerous 
hmtauceA in which channels were kept open purely by tidal water — in fact 
•uch duuineU would alwa]^ be maiutaiiiod, if the water flowed through 
them with sufficient force to prevent dejjosit, whether the stream were con- 
tinuously in one (hrection, or whether it oscillated backwards and for- 
wards. In nature, ever}' possible c<.indition was of oounoto be found; in 
some cases the fresh water, and in others the tidal water greatly pre- 
poadorating, and their relative quantities over varying. For instance, 
the river* flowing into the Baltic and into the Gulf of Mexico, poesessed 
an enormous projiortion of fresh and very little tidal water, yet the clian- 
nels continued open. It was quite as erroneous to say, on the one hand, 
that fraah water was of no use, as, on the other hand, that a channel could 
not be kept open without fresh water. 

When Great Britain was looking to India as the future cotton field of 
Enrope, and when endeavours were being made to open that country to 
commercial enterprise, the imp>irtance of a well -organised system of 
transit co-operation by railways, by water and by ferry-bridges, could 
hardly be over-ewtimated. As fifty uiillioua sterling had been expended 
in crunk railways and conak, it would be aeo o asary to improve ojid utilieo 
to the utmost the river nikvigatinn^, to act a* fee<len) to those main line«, 
and to provide an o'lditiomU nnniVier of river boats. Since any alteration 
in the cnaunek of the rivers, and t9ip.>cially of the great Delta, would be 
costly, and the result verx- unwrtuin, it was contended that it would be 
pffoferable to oonittruc: vouek of -luitable rise and form for the navigation 
tifa&kUowMad tortuous /jvefs, and that economy of transit, as well aa 



management of the veaads, was, in such casea, mainly dependent oo the 
effidency of the steering and towing apporatua. 

It was observed, that no great faith could be placed in any scheme for 
the improvement of Indian rivers, inasmuch as for eight or nine months in 
the year the weather was perfectly dry, and for four months there was a 
tremendous rainfall, prcMlui-iiig tm immense flow of water, when the riven 
assumed a character quite unprecedented in this coxmtry. 

With respect to the change of the seat of trade from Calcutta to the 
MuUa, there were as many difficulties in the way ae if the attempt were 
made to tramtfer the trade of the Thames at London to the Medway. It 
was more a question of economy than anything else, for if miUiuos of money 
had been sunk in the erection of warehouses and buildingn for the jsur- 
poaes of trade, that was an element quite as important ae the questian nf 
the river itself. Looking to theee facts, and to the delays and coBte of 
unloading a cargo twenty or thirty miles from the place to which it wm 
consigned, and conveying it that distance by railway, it was thought that 
there was no |trai<pect of the navigation of the Hooghly being changed fur 
that of the Mutla. To this it wm replied that the differeooe of expeuae 
between Mutla and Calcutta would be considerably in favour of the Uinaet 
port. It was thought tluit preference shoulii be given to a river where 
there waa alway» 2(1 feet of water, to one which was beset with shoals; 
and to a river, the mouth of which was only £0 miles fron the head of the 
navigation, available in one day's steoia, to one which required three 
day's steam, in a country where steam-power was oostly. It was not ft 
question of supentexling Calcutta as a port of commerce, but it waa con- 
tended that Mutla would form a volimble auxiliary — like Birttenheod to 
Liverpool— and that by the route advocated the physical difflonltiea of the 
approach would be leaaeued, and the same point arrived at, only with 
diminished risk and greater eoonotny. 

In cloifiugthc discussion, it was remarked that there was not sufficient 
infonnation relative to the pbyaical feature* and the conformation of these 
rivers, to enable a proper discussion to be raised on matters specially 
appertaining to thix Institution. With regard to the commercial part of 
the subject it should be said, that there was always great difficulty in 
changing tlie locivlity of an important commercial busineaa. No doubt 
there were lan;e evtablighmentiii at Calcutta, with all the aooeaaoriea for 
the trona-shipment nf goods. Ciranting that the Mutla had all the advan- 
tages ascribed to it, n lung and severe struggle would be made on behalf 
of existing intereott), though it should not be treated ns a hopetesa aflair, 
especially as it bad been stated, and not denied, that the Mutla presented 
an unchanging channel, accescible at all times. As Southampton had 
been dted, it might be said that, although the heavy mereliandise tm<le 
had not been drawn there, yet that port was resorted to by the trade 
requiring quick transit — mails and paaengera. In like manner, pntbahly, 
the first trade to frequent the Mutla would be the mail steamers, for 
which speed was the main object, and in the course of time it might 
rooeive a share of the heavy trade. 

Long Tvhe Baromtier. — After the meeting, Mr. R. Howsox exhibited 
in the library a Barometer, consisting of a long tube freely suspended 
open end downwards, a cistern which was of a tubidar shape, anil a " stalk." 
Ilie stalk was a glass tube, sealed at both ends, attached firmly at its 
lower end to the bott<^)m of the dstem, and rising axially up the tube onHl 
it nearly reached the Rurface of the mercurial column. Tlie conaeqaence 
of this ajTangement wus, that the top of the stalk came into a region of 
very low pressure, and there was an exoesa of prearare tending to fon» 
the cistern upwards. This exceaa was repreaented by the weight of the 
aiatem (and atalk), and the contained mercury, st> that imder a i^ven atmo- 
K>henc proasure, the cistern would olwa^-s liong suspended at a given level, 
when the pressaure of the atmosphere rose, a portion of mercury left the 
cistern and passed into the tube, and the cistern also rose, until the le^-el 
was replaced by the immeraion of the gloss which formed the tube. When 
the pressure fell, the converse took place. An elongated scale was tbiu 
produced, the extent of range being dependent upon the relative aroiks of 
the tube, and nf the glass which composed it. The action mi^t also be 
simply viewed ua that of a long piston, or plunger, with a liquid paddng, 
having a vacuum on its upper aide, and a self- graduating weight attadud 
to its lower side. 



J. R. McClbam, Esq., Vice-President, in the Chair. 

Nov. 26, 1861. — The paper read was " On Mceuuring Diilanca by tht 
TeUtcope." By W. B. Bray, M. In«t. C.E. 

The author's attention was attracted to this subject by a paper by Mr. 
Bowman, rea<l before the British Association in 1841 ; but it reiiuired 
further inve.Htigation and modification to bring it into a form of practical 
utility. Ue found that it was convenient to have two distance hairs on 
the diaphragm of the level, one about ^ of an inch al^ve the level hair, 
and the other a« much below, so as to ntul 1 ftxit on thi.' stuff »t 1 chain, 
and 10 feet at 10 chains. Since, however, in focussing the ituttniment to 
any object, it wna neceasary to bring the cn:)iHi haim into such new focus, 
wluch wae proportionally further from the object glass as the object wad 
nearer, the angle which the hairs subtended from the centre of the objeot 
riaas muiit l>e variable, diminishing as the <iiat«nce waa dhninianed, 
Henoe a correction was necessary', and this the theciy of refraotion hy 
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I faraidied. It showed that the error was conntant at all distMicet, 
in aTerr caae to the focaJ leti;,'th of the object •jfliuw for pamQel 
njn. lUi eonatant was to be wiUed Lu reading the «tatf, by briii;j^n|r 
llw tower atom hair near any even Jivii<ii>u '^f fct, but exju-tly '^>'i of a 
feut Sibore it. oorrecponding with the two linkti from the centre of the 
iiwtnmieiit to the anteni)r focus, in the caBco of a 6 inch theodolite and 
lu-inch 1<*T»L Then, by reading the up[n;r liiHtance hnir, ftnd deducting 
Um eren number of fe«t at the lower hair, the dlfi'erence was the distance 
in cliMaa aad liuka. If the oomiiasR wiui sutficiently delicate, any opera- 
tim. at oootaarini;,', or running triiil levels, could be performed with r»- 
■idity Kod aocoracy. When provided with the two diutAnce biUTK the 
wvel uf the ground could be taken above and below the ordinary nuoge 
ti tile iiwtnituent. The u^e uf thtae distance hairs for eighteen joan 
faml prxvi 1 thf-ir fir*ctic*l value. In taking the widths of riveta or deq> 
niv'' ^c» of 20 chains had been reail in favourable weather: and 

"tit- were accurately fixed on the iliAphrajj'in, they might !» 

\aeti even ti.r frActions of a link, in taking widths incapable of direct 
OHMUteiDent. 

When a[iplied to a theodolite, they covld lie uaed for meararing dii- 
lanon oo nloping ground. But in that caM>, tdnce the line of sight waa 
mt lunger perpendicular U> the staff, n correction was necewary, for which 
a tAt<I« was given, showiag the anglea of ele^'atio^ of the variouti heighta 
which were aimple fraotional parts of the horizontal <li«taiice. When 
tba horiznntal distance to the ntj^fT hiid l>een oecertained. the theodolite 
<na to be elevated to the talrular angle corroeponding to the fractional 
tia» ne*rast to the slope of the ground; then that fnictioa of the horizon- 
tal diManoe. leu the reading on the utafF, would he the correct n«e. 
Witii the theodolite it was oonveitient to have another set of hairs for 
railing the distance in feet as well as in links. In clear weather, with a 
distinct reading staff, a distance of 40 chains had been read between the 
font and link hairs. 

In the comae of the discussion it was remarked that the arrangement 
dawzribed by the author was of a inucli earUtr date than had 1>een mcn- 
timod. Possibly its application might hithL•^^^ have lieen limite<l, from 
tits waat of a corre-ction for the erron! intrixluceJ in focu.'sing the instru- 
ue&t, which luvi now been supjilied. Reference wam lunde to the mi- 
esosaefar aimngenient of tht? diaphragm of Mr. < rravatt's original dumpy 
bircL This system of infcanuring distances hail lately lieen applied to 
nfle practice, and for militorv purposes generally it was thought that a 
■HCfometar telescope could be relied on for distances op to 12 or 15 
■Iml It had also been emphiyed for determining the speed trf vessels at 
M^ when the exact length of the vessel was known, as weQ as for other 
p»pas«s. 

ll was dbeerred that the great improver of instruments of this kind 
was M. Porro, an officer of engineers in the service of Piedmont, a do- 
ta«l(r<l •'rcoont of wbuze " IngfTuments pour les Wves de plans" was given 
by M. 11. de Stnannont in the AniuileK iU» Mina, 4th series, vol. xvi. 
|1S49>. None of the mmlifieations in M. Porro's mstruments had been 
Otzoduced into this coiintrj', and yc-t with his raicr>raeter wale fif wires 
the statf oould \*i n?ivl nif In m^tr.'i fit ouce — and. it was stated, at a 
♦tt a Unc e of 8t»0 metres the frmr iliii not exceed 2 centimetres. 



Dee. .3, 1S61. — The paper read was "On the DUclMrge from. Lender- 
dranuxf^f, and iu rfnt on ike Arterial Ch'inruU and OutfcdU of (lie 
Cmkntry. By J. Bailkt Dksto.ij, M. Inst. C.E. 

This paper contained deductions from a scries of experiments mAde at 
Hlnrwivth, to ascertain the relutive fall of rain on the surface, and the 
di*«:harge of water from the under-drains. The experimenU exUnded 
ft*tn 1st October 1856, to 3I»t May 1857. They were nuule on fields 
coataaning about 1(>0 acres, in e<}Uttl proportions of the two descriptions 
«f toD mto which the agricultural land of Great Britian requiring drain- 
ia^ night be dividetl, viz. : The surcliarged free or porous soils, and 
tbe abiorbcait retentive soils, thoui^'h incornjclly called " ijn|it-r>-iou8 
oi»7»-" A description was then u.sually given" of the kmla txperi- 
mented upon, as well ax analyses of the soils. Also tibUs, 
which had lieen published in the ' Journal of the Koyal Agricultural 
Society.' vol. xx. yXMki), uhowing tlie daily nunfall, the diticharge 
of water from the drains, the height of the barometer awl thermometer, 
and the temperature of the soil at IS ami 42 inches respectively below 
tbe sm^oce. 

The whole estate wse drained by one connected system of works ; but 
the mtxle of ilniiniujj necessarily ilifferal, Thus, the " free soils " were 
d(Bin««l by n«Tiwi.mal and wi*^ drains from 4 Ui S feet deep, at a cost 
varrtiu; tmm £1 10*. to £3 10^. per ucre; while the "ganlt clay" was 
<1»^^' ' ' iiily by a p.ir<illol arrangement of ilmina 25 to 27 feet 
■I'" '-P- "* * ^"'t VBr}'ing ft^>m £6 lOn. to £6 10«. per acre. 

** *'" ""Tjibor of drains was increased to a maximum, 

~|" ■ " remove exoe.«8 of wetness, but tt> promote 

tot • Ation of the soil. 

I icd tlukt. the average; annual r.-vinfiiU in the district was 24 

''•*^' »d not l>eeu exceeded in the thrwj years preceding tbe ex- 

pcruiiiiii* in*! gi-eatcst fall in twenty-four houn, during the eight 
from <K-t.<iwr to May, was OJ542 of an inch, and the total fall 



was 10'U45 inches, whUe the average fall over the same period amounted 
to 13 inches. 

After some general remarks as to the time when nnder-drains com- 
menced dischatgingt and upon the condition of the free soils and of the 
olajre at Hinxworth prior to under-draining, the author proceeded to con- 
sider the effect of that operation. On the "free soils, and in fact on 
most of the mixed soils, it was observed that no water oould run from the 
under drains until the water ha<I been raiawl by descending rains to the 
level of tbe drains — which was not exActly thJo case with " clay soils " — 
and that as the surface springs mse higher and higher before draining, so 
the lowest drains woultl begin to run tirst, and as soon as the water bc«l 
of the whole area <lraiued. fi>rmitig an inclined plane, hat! risen by de- 
grees to the height of every drain, the whole «jT!t«?m would be at work, 
and not till then. The quantity tlischarged by the draina did not repre- 
Bent the whole of the infiltrated water, which included the water dis- 
charged by the drains; the water wliich gravitated to the outcrop Rprings; 
and the moisture which Djee fntm the subsoil beneath the drains by at- 
traction into tbe soil above them, to \ye dispersed by evaporation at the 
surface. The quantity of water discharged by the surcharged "fi'ee 
B<>ils" was rather more than two-thinls of the rain which fell on the a\iT- 
face, the actual quantities being 1*)3,550 and 227,220 gallons per acre, or 
7 and 10 inches rMpe«ti'««ly. This proportion had reference to the rain- 
fall of eight months only. If the discharge of the whole year wer* com- 
pared with the rainfall, it would h>> found to be less tK rd, 
arising fn>m the fact that while the discharge of the r ir 
months was vmy trilling, the rainfall was 11 inches, or 2ift',w.„. j^.mMia 
]Ktr acre. If tne mean discharge for twelvemonths of tbe free and 
mixed soils were taken together, it would be found to amotmt to one- 
fourtli of the corresponding rainfall, a proportion which would give tt 
inches in depth, or 135,732 gallons per acre as the mean quantity of 
water diacharged from such soils to the outftdls from under-'b^niiig, a 
result not inconsistent with the experiments of Dickinson, Daltnn, and 
Chamock. This quantity was, for the most part, new water rescued from 
evapor.-vtion, and would, pro tanto, swell the ordinary flow of rivers. 

It was stated that, imder ordinary meteorological and physical con- 
ditions, the under-drains of the free soils would begin to discharge in the 
month of October, or the Ijcginning of Novemlier, and those of the clay 
soils in the end of November, or the beginning of December. Thus, at 
Hinxwortli, the drains from the clay soils did not commence to discharge 
at all till the end of November, by which time 3^ inches of rain bad 
fallen, or jnst sufficient to fill the muor iiores of the soil, though the 
water had not risen to the height of the dnuns. After ceasing for a time, 
they commenced a continuous discharge early in January, when the 
water in the soil had risen to the height of the drains. The tables showMi 
that OS the character of the suhsoD became more open and mixed, sudden 
dischai^ was lessened. It was when, by repeated rains, the clays had 
had their peculiar property of retention fully satisfied, a«id held within 
them a« much in their drained condition as they wve capable of holding, 
that they were in that state which fitted them to discharge the largest pro- 
ptirtiou of any subsequent rainfall in the shortest time. The tJtid quan- 
tity of water discluunB:ed by claya annually wa* small compared with that' 
discharge<l by free soils. The Hinxworth ezperimcntB snowed it to bo 
ouly 5U,li31 gallons, or about 24 inches, per acre. If this quantity were 
regular over the the discharging perio<l, it would not materially affect 
the arterial system of the country. But as a lar;^ portion of the heavier 
rainfalls was immediately discharged when the loU was saturated to th« 
extent of its capability, and when the free soils would be disuhaiging at 
least 1000 gallons per acre per diem, and the rivers might he pre-occupitsl 
by their present natural s'lpply, and by tbe waters that passed off the 
surface without entering it, another feature of importance presented 
itself. 

The general results of under-drarnage on the arterial water supply and 
outfalls seemed t4> the author to be — first, to render the surface more 
capable of absorbing the rain that fell uiH>n it; — seojudly, to lower tbe 
discharge of the upper surface springs in a slight degree;- and thirdly, to 
withdraw frum the power of evaporation all the water which the under- 
drains diBcharge<l. 

If |.ion the first result there could be no difference of opinion. If drained 
land were deeply cultivated, there would scarcely be any overflow from 
the land surface. But there wen; circumstances which must interfere 
witli the complete abaoryitiou of which a drained soil was susceptible, and 
WDuM prevent any very seitsible reduction of the floods. Freshets, fnim 
Bucli circumi<tancca, would stiU prevail; though, as steam cultivation and 
deeper ploughing gaineu ground, a greater proportion of the rain would 
be admitted, and to a oertaiu extent floodif would be diminished. 

With regard to the second result the deduction opfieared equally clear. 
It hod been shown by Mr. Charuock, in his Uolmfirth experiments, 
which extended from 1842 to 184C inclusive, that evaporation from an 
uudrained soil, mamtoined in a state of satiu^tion, was 8 inches more 
than the rainfall, while that from tbe same soil, when drained, was 
5 inches less. The effuct of under-draining upon the main perennial 
springs which supplied the rivers, was, therefore, to increase and not to 
dimmish their flow, as hod been statcl; a circumstance considered »f 
great wlvantage when viewed in relation to the increasing pollution of 
tbe rivers by the dischaige of town sewage. Again, tho beneficial effect 
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upon vcgetatinn of lowering the Btcuidiug wnter-bed diiring the spring 
and early gummier, when all vegetable life wah in it<i uiiMt licuaitiTe sta^ 
unulil not be overratod. The Hinxworth exporimenta nhowed that in 
Maroh, April, and Maj, the temperature of the drained soil was higher 
by 1° Fahrenheit than the undrftined *jil. A» & further illiutratinn of 
tHe evil of a shAllow water-bed, it wm uientioiieii that, during the iiurvey 
for the drainage of the Test Valley in 1S5'2, a violent gtonn occurred, 
whieh blew down many trees. It was then fuimd that th« rt^lative height 
(A tho uorerol tree bottoms formed one line, or inclined plane, precisely 
Agrooing with the water level throughout the lenjjth of the Talley; and 
dhowiiu; that the soil of that valley, and thoao of which it woe a type, wm 
inainttvmcd in a state of wetnem very closely approaching complete 
twturation. 

Ab regarded the third result, that nnder-drainage diminished evapora- 
tion and so lessened the rainfall, it was observed, that as Great Britain 
WM surroundeii by the ocean, a sufficient snpply of water woidd lie obtained 
from (hat source. Dr. Dalton had stated that in England the average 
ijuantity evaporated from a water surface was 44*43 inches, while Mr. 
Ohamock showetl it to be 35 inches at Holmfirth; — both in excess of the 
rainfall, with the quantity of moisture precipitated on " dew " added. 

In conclusiun, tlie hope was expressed that sufficient had been ad- 
vanced to show that the tendency of umler-drainnge, as at present 
prograssinff, was to augment the ordinary flow of rivers at thnt period of 
the year wlien the soil was saturated to the extent of its capability, and 
that the time was not for distant when the subject of this paper would 
force itself upon the attention of the country. 

With regard to the act of luat session, which enabled the proprietors 
of the lower lands to remove mills, duns, weirs, and other iini^edinients, 
under certain conditi'>na, it was explained that these legal facilities, 
though they would aiil in the removal of oertun irremediable obctructions, 
did nut involve any actual redaction of mill power in the aggregate. On 
the contrary, it was believed that, in a majority of cases, the point aimed 
at would be not the destruction of the mill, but the means of discharge 
intt» the mill-tail, and that ni.iny valleys would be divided into a scries 
of sinoller area», feeding such other with increased water supply, by the 
MJtuid process of draining. 



Annual Oeneral Mttting. 

Before commencing the proceedings the prusidt^nt saiii, that under 
ordinary circumstances he should have suggested to the mcmbere the pro- 
priety of oiijouming the meeting, in order to testily their regret for the 
hunented decease of their htnorary meniljer H.R.H. the Prince Connort, 
and thoir deep sympathy with their beloved Sovereign and the Rnyril 
Family on their bereavement. As, however, the charter imperatively 
demanded tlte election of the council and officen on that evening, the 
council dill not feel authorised in p<istp<ining the meeting, which would 
be restricted to the mere routine of the election. 

In presenting an account of the prnoeedlngs of the inHtitvition during 
the last twelve nmntlis, Ut which the report wm exclunively devoted, it 
was state<l that they would contrast favourably with those of any 
previous year. The more than ordinary attendances at the meetings 
showed, that the subjects brmight forward for discussion hod e<]ualled, 
even if they hail not excee<lt:«l, iu intere-nt those of former sessions. The 
elections of memlx^rs and associates hod Ijeen as numerous, and aa a con- 
aequence the abstract of accounts exhibited a very satisfactory result. 
Considemble additions had been made to the library, to which the atten- 
tion of a R(i«oial contnttttee of the council had been closely directed. 

The principal papei-srea*! during the session were tlwn noticed; and it 
was remarkdl that many ini])ort.-kut works, some involving considerable 
novelty, had been execute<l by members of the iitstitation both at home 
and abroad, which h.-jd never buen described. It was therefore desirable 
that every acting and resident engineer, on the completion of any under- 
tokinj; upm which he might have been engaged, should prefiare a dt^erip- 
tlve narrative of the progress of the worlu, of any poculiaritics in their 
design, and particularly of any inoideiits that might have occurred during 
tlwir construction. 

With a view to encourage the pmduction of really valuable original 
communications, in preparing the list of subjects for jiremiums for the 
•ca«ion 1861-t{'2, it was determined to offer pecuniary awards, uotexc«ed- 
ing in amount twenty-five guineas each, iu addition to the honorary 
premiums, fur a limited number of papers of distinguished merit. 
Althongh five subject* had been speciaUy selected, it was stated that 
other essays would be considered if of adequate merit. It was hofied tliat 
this would have tlte eiTect of inducing the presentation of many useful 
papers, not so much from the intrinsic value of the reward, as from the 
dintinction it would wjnfer on a snccessful competitor. 

With regard to the library, it was stated that the application to the 
lords of the treasury for copies of the ordnance and geological maps of the 
United Kingdom had not been successful; the reason assigned beuig that 
th«iir gratuitous supply had been discontinued in 1850, on the recom- 
tnendation of the late Board of Ordnance, and thnt the Institution of CivO 
Engineers could not be made an exception to the rule. No steps had 
been taken for their purchase, as for the some sum, many books, at]a««8, 
aitd general maps could beobtaiuod, which were likely to be more g«jerally 



useful. The purctuses already made included library maps of Europe 
(topographical anil geological), of EngUnd, Scotland, Ireland, India, the 
United States, and Canada; and spaces bad been left for uiap« of the 
World and of Asia to Vx- added, os soon as the new editions now in hand 
were completed. Two comprehensive atlases and a few standard French 
and English works, C8()ecially to ctimplete series hitherto imperfevt, had 
been purchjiftcd. Much useful information had been procured, partioU' 
larly from the ci^ntineut, which would facilitate future purcbaseM. Thus, 
there had been obtained, from the Ecolo des Fonts et Chaussees a care- 
fully prepared catalogue of works recommended by thjit school; from tfao 
Royal Institution of Engineers of Holland a marked list of the best books 
on water construction: and it was ho|)ed tliat siuiiLu- particulars would be 
shortly received from Oennony rjkI It:dy. It was on all accoonts 
desirable that the library shoulil be unrivalled in ita peculiar specialty; 
that it should contain copies of all treatises on engineering and tJJe allied 
sciences, wherever jiublished; and the co-operation of the membcra 
generally was earnestly solicited, to enable this to beacoomplLylied. 

The aljstract of the ncooounta showed that the amount received from 
subscriptions and fees WM greater than in any previous year, and that 
the current subscriptions were now 50 j>er cent, in excess of what they 
where in 1851. During the year the St<jphenson and the Miller Beque«ts 
had been invested in railwa}' debenture stocks, and an addition of £900 
hod been mode to the institution fund, so that the total inTestments ttow 
amounted to £12,104. Via. lid. The sums on deposit at the Uninn 
Bank, and the current balance at the bankers' raiwd this amo«int (o 
nearly £15,000. 

The amount of arrears of subscription due for IHfJl was £241. lOn., and 
for 186D and 1S60, £89. 5«.; together, £330. 15*. Great exertions, hod 
been nuule to reduce the sums owing for previous yeara, and in some 
coses the arrcani ha<l bc«n paid in full, while in othen a composition barl 
been made. But still the council hud been under the painful necessity, 
"after snitable remonstrance," of erasing the names of one member, 
nineteen associates, and two {paduates, from the register. 

The deoeoaes during the year were announced to have been : — Mr. 
Eaton Hodgldnaon and General Sir Charles William Paaley, honorary 
members; Sir WUliam Cubitt, Messrs. William Allcard, Samuel Clegj^, 
Nicholas Harney, Joseph Maudslay, JohnMoVeagh, John Plews, James 
Ralph Walker, and John Ward, mcmben; Colonel Robert Keoidey 
Dawson, R.E., C.B., Messrs. George AitcluBon, James Braidwood, 
Cliarles Frederick C^hefiins, Octa\auR Cockayne, Charles Cowper, Henry 
Alcock Fletcher, Lionel (tisbome, William Newton, John Pigott Smith, 
Edmund Trehenie, and John Ne\-ille Warron, associates. 

The number of elections hod been 69, of deceases 23, of resignations 9, 
and of erasures 22; so that the effective increase of the year wa« 15, 
making the total number of members of all classes 9 45. It was mentioned 
that within the lost quarter of a century the number of members of all 
classes hod increased nearly four-fold. 

In closing the report, the council iirged that the eucoem of the Instita- 
tion depended a great deal more upon the indivirlual exertions of the 
members, in support of its scientific character, than upon its pecuniary 
prosperity; and that it could not continue to hold the high position it had 
already attained witbnut efforts and sacrifices being motle by the present 
membera, similar to those which were so onremittingly and so freely 
incurred by their predecessors. 

After the rea<ling of the Report, Telford Medals were presented to 
Mi-ssrs. W. H. Preeoe. G. P. Bidder, junior, and F. Fox ; Council Pre- 
miums of books to Messrs. W. H. Preece, F. Braithwaite, G. Hurwood, 
and W. Hall; and the Manby Premium, in books, to Mr. G. Bidder, 
junior. 

The* following gentlemen were elected to fill the several offioea on the 
council for the ensuing year: — John Hawkshaw, President; J. E. Erring- 
ton, J. Fowler, C. H. Gregory, and J. R. McClein, Vice-Presidents; Sir 
William Armstrong, J. Cubitt, T. E. Harrison, T. Hawksley. G. W. 
Heni.sns, J. Murray, J. 8. Russell, G. R. Stephenson, C. Vignoles, and 
J. Whitworth, Memborv; and Mr. John Cochrane, ajid CoL Simmons, 
R.E., Ajwociates. 



DE BATHE AND LYNALL THOMAS' ABMOUR- PLATES. 
By Ltmall Thomas.* 

Having att«oded the diacussion nt the Inslitutinn of Naval Ar- 
chitects without liaviDg bad an opportuaitj of takiu;; |>art iu it, 
I avail myself of this oppoi'tuuity of exbibiting ami exphiiuiug 
a motlind of affording rosistaace to the penetration of snot and 
shell into the sides of a ship, which may perhaps Lo worthy 
of your consideration, as I believe from long aud earnest eon- 
sideratiou, added to considerable experience, of tlie effect pro- 
duced by shot generally, that the solid iron plate on a coating 
of timber, as adopted in the general service, is one of the worst 
which could be coDceiv<?d. My chief reatton for this o]nuioD is, 
that the whole force of the blow coming at once upon the plate, 

* Taper read al tbe Vulled Scnrioe lostUnUMi. 
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its effbet IB folt iaBUntaaeoasIy through the whole thickness of 
tbc plAte iu the direction iu which the shot is moTiog. An im- 
meaae thickoesa of metal is therefore required, and couaequeDtl/ 
aa cDonnoas weight upon the aides of, and strain upon the res- 
ael §«QerAllj; the joint efforts of which make the remedy almost 
as bad as the disea^se. With respect to the strength afforded by 
the worwlea back, I have to observe, that in all my eiperimenta 
I have ftmnd the wooden foandation to favour rather than prevent 
the peoetratiou of the shot through the iron phite. There are 
several methods for preventing the penetration of shot or shell 
into the sides of a ship. Ist. By constructing these sides entirely 
ci iron, tlins opposing phites of solid metal to the impact of the 

Srojectiie. Sdu. By sloping the sides in such a manner as to de- 
ed the projectile. 3rd. By covering the sides with some sub- 
stance which shall receive the first impact of the projectile, 
dispersing the force before complete penetration can take place. 

The objection to the first of theae methods is, that with the con- 
tinual impi-ovement in the means of attack, so great a thickness 
of metal would be required, that no ship coold carry it without 
gmt detriment to her sea-going qaalities. 

With regard to the second method, namely, the sloping sides, 

the same objection holds good; for, although a less thickness of 

betel might be found suffacient to divert the blow of a shot when 

ftred at ships thus constructed, unless under certain circum- 

stjuioea, yet such vessels must i>f necessity lie so low in the water, 

.that in engaging land battenes or vessels much higher out of the 

I "Vat^r than themselves, the sides would be liable to penetration, 

. vnless the metal plates were of a thickness identical with those 

required for a vessel of an ordinary form, so that a still greater 

I freight of metal would be necessary, inaemuoh as more would be 

I rsqaired to cover a sloping than an upright side, the surface being 

greater. 

Uji to the present time, I believe that the efficiency of the 
•loping side has only been tested with "round" shot, which are 
tBore easily deflected by the slope than flat-headed shot of an 
[■elongated form, for the following reason. The ordinary spherical 
•hot only preserves sufficient force to penetrate an "ordinary" 
iron plal« (i.e., 4 inches) for a short portion of its flight. Conse- 
quently, unless at poiat-bknk distances, it is useless to attempt 
to penetrate an iron plate with round shut. With a heavy elon- 
gated shot, however, this penetration could be accomplished from 
Is greater distance. Now, supposing the gun to be fired with 
•oaie elevation, the sloping sides would be rather favourable to 
, penetration than otherwise, in proportion as the angle of the 
■faot'i descent approached that of the sloping side. 

It has hitherto been a received opinion that the axis of an 

rioQgated shot remains always parallel to itself during the shot's 

height, in which case its penetrative powers would be considerably 

bdecreased as the distance of the object struck increased. This 

[iMwever is not necessarily so. Aji elongated shot may he so 

constructed that its axis shall remain a tangent to the curve 

tlirougbout the whole flight, so that such projectile will always 

^1 point foremost on the object struck. This has been proved 

by experiment, in a manner which placed the truth of it beyond 

a doubt In fact, I myself made the experiment with a 7-inch 

rifle gun at Shoeburyness. 

What I have just stated shows that the thickness of metal for 
▼esaels constructed with sloping sides cannot safely be diminished. 
Should the vessel roll (and who can assert they will not, and that 
heavily) where will be the use of sloping sides ? When the guns 
have to be worked on the top of the sloping aides, the elfect of 
the ricochet of the broken shot, &c., from what may well be 
ealUd an iron glacis, will probably be moat destructive. 

The third method, namely, tliat of dispersing the force of the 
AtA before the latter has time to penetrate the sides of the vessel, 
•W**" to me to be the one likely to be attended with the greatest 
effieieacy, convenience, and economy. The Warrior, and other 
ijw-eased frigates, are examples of this principle in its most 
primitive form. These vessels have wooden sides, and to prevent 
the pjnetration of shot they are simply coated with plates of iron. 
The proposition to construct the sides of the vessel with iron, 
plaeing wood outside as a protection, is the same in principle, and 
would doubtless be more efficient in preventing the complete 
penetration of solid shot; but the facility with which a coating of 
wood, or indeed of any soft subatancej^ would be destroyed by 
•hella, puts this method out of the question. I entertained the 
•hove idt-a swinie time ago myself, but discarded it for the reason 
T have mentioned. With respect to the wooden vessel coated 
with solid iron plates, there appear to be several almost insur- 



mountable objections to their permanent adoption. In the first 
place, it would appear to be necessary, after a ship of this des- 
cription has been laying up for some' time, that sue should lie 
stripped of her armour from stem to stern before she can be 
honestly pronounced fit for service again. Furthermore, iu order 
to ensure the requisite protection, the iron would have to be 
nearly, if not quite, as thick as if she had no wooden sides at all. 

The method which I have now to submit to the consideration 
of this meeting is one which I believe will bo found better calcu- 
lated to attain the desired ends than any of those I have men- 
tioned. It ia, I believe, quite a new idea, and consists of pro- 
tecting an iron vessel witli iron arm'jur. This armour, to which 
we have given the name " louvre-plate," on account of its simi- 
larity to a louvre-board, or, what will be more easily understood 
by most, a "jalousie blind," is the joint invention of Colonel de 
Bathe and myself, and is the result of much careful consideration, 
coupled with some knowledge of, and experience in, the effect of 
heavy rifle projectiles. 

The diagrams will show more fully the arrangement and dis- 
position of the metal, and may be thus briefly described. Upon the 
sides, say 2^ or 3 inches in thickness, of an iron vessel, are pbiced 
the plates one above the other in the manner shown, leaving an 
interstice between each which might advantageously be filled with 
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an elastic substance, such as New Zealand flax, junk, &c. In this 
instance the plates are supix>sed to be 2^ to 3 inches thick, and 
the interstices l| inch; but this, ajt well as the thickness of the 
plates, is arbitrary, and will depend entirely upon the sixe of the 
vessel and upon the relative protection which it may be considered 
desirable to afiord her. By this means we get rid of a very large 
portion of weight; in fact, reckoning that of both the iron and 
wood in such ships as the Warrior, the weight would be over one- 
fourth less. 

It will be perceived by this peculiar disposition of the metal, 
that the force of a shot's impact is felt, not in the direction of its 
flight, as in the case of a solid plate, but at the point above it, and 
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therefore the efTeet upon the hinder plate is enormously reduced. 
Very little solid resistance is ofiered to the first impact of the 
shot; but the quality of elasticity so hurgely possessed by iron is 
made subservient to resisting the eflect of impact in a very great 
measure. 

I would further draw your attention to several other advan- 
tages which this arrangement possesses in a high degree, one of 
which is the ease with which any damage may be repaired by 
means of spare plates; so much so, that a veaael luay carry them 
and repair her damages at sea. Again, the eSect caused by a shot 
striking the side is confined to a smaller space than is the case 
when a large solid plate is struck. (more especially when the plates 
are not penetrated), since the whole plate, which may have a bqt- 
iiace of 70 or 80 square feet, is affected by the blow. An elong- 
ated shot, from the unequal resistance which it would encounter 
upon its fore-end, would have its peoetntiii^ ^««t n^tj xbt^sj^ 
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more lessened in striking plates of this kind than ia striking 
those presenting a surface offering a uaiform resistance, from the 
greater ease with which the equilibrium of their axes would be 
de«troyed. It will however, 1 believe, be found imposdible to 
entirely prevent the sides of a vessel being penetrated by solid 
shot. There is a limit to the thickness and weight of iron which 
a ship can carry; bat the limit to the weight of the projectile, and 
the force with which it can be (iriven, has uot yet been reached. 
All we can ut present hope to do is to prevent the penetration of 
the very destructive elongated shells which are now coming into 
use. The beat course to be pursued, as it appears to me, would 
be first to aacert-iia what extra weight ships of ejich class could 
carry on their aides withinil much iuipairiug tlioir sea-going qoali- 
tie9, and then to distribute that weight of metal in the most 
efficient manner for her protection. 

The experimeuts made upon the Trusty, as described by Capt. 
HaUied, aUhouy:h extremely valuable, I look upon as being 
far from a cuucliisive proof that that description of plate wonld 
afford so great a protection to ships as alleged. In this instance, 
single gnus only were tired each time at her. Now, in order 
to form H ci-irrect estimate of the efficiency of these plates, or 
indeed of any method of protecting ships of war, the vessel 
experiraenltNl ujion should be moored, or placed in a position 
where a large frigate could steam past her, deliveiing her bmad- 
side ad in action. It is highly probable that the effect produced 
by two or three shots striking the same plate simultaneously 
would prove more destructive to it than if it were struck by tliera 
at separate intervals. Two or three broadsides of heavy guns 
well delivered, at a dist-iiioe of 50 or 100 yards, might pos- 
sibly from ilie shfier force of the concussion so diuiuige or loosen 
her pUtes, that a few well-directed shots might suffice to place 
her .It the mercy of her antagonist 

It has been sUted that a soPid 4-iuch plate offers a greater resist- 
ance than four 1-inuh plales pl:ice<l nptirt — that the resistance, in 
fact, is as the squai-o of the tliickness ; that is, in the case of the 
4-inoh plate, this resistance is as of l(j, whilst with the four 
I-inch plates it is only as of 4. This is jwrfectly true as regards 
the punching machine, or any similar continuou.-^ly-exerted force, 
but quite eiTuneous with respect to a shot's impact. A punching 
machine of sufHcieut power to punch a hole in an inch plate will 
uot only punch holes with equal facility through four, bat 
through four hundretl, if necessary; but a shot may penetrate an 
inch pKite, and not be able to jienetrate two pliiceti one behind 
the other. One is a question of continued pressure on the inch, 
the other of impact ami velocity. S<ilitlity only would resist 
a large oontiuuoua pressure; but the effect of a shot's impact will 
be impaireil by any diminution in its velocity; and the velocity 
may bo diminished in various ways — in fact, it begins to be 
dimiuiMhed the moment the bhofc leaves the muzzle of the gun. 

I gniut that, if these louvTX'-plates were placed under a punch- 
ing machine of sufficient power, they would he f)euetratt?d much 
more eiisily than a solid plate of the same thickue.-», because, in 
the ntiiichiiig macliiue, time is of no aceouut; but the time which 
would be required to bend these plates down is of immense im- 
portance in dcsti-oying the effect of a shot's imjxict, since it 
would cau.'se the force of the shot to bo rapidly dispersed in each 
direction. 

Although, in the experiments which have been made against 
iron plates, the form of the projectile and the metal of which it 
should be couiposod are questions of great import,ance, I hold 
that they have engrossed an undue share of atteution, and that 
scarcely sufficient regainl luw been paid to the force of propulsion. 
At filiort dibiUnces the form of the projectile is of small importance 
oomparetl with tlie degree of force which is employed in its pro- 
jection; thus, with a gau of a given weight, I believe it will be 
fouud to be of more importjince in close action to employ a heavy 
chanje of po>vdor and a lighter projectile, than a heavier pro- 
jeclile ;ixvi li:^ht charge of jiowder; for it must be remembered 
that it is the pi-orielliiK' force, i.e., the charge of powder, which 
drives the shot througli. Now, although the charge for ritled 
cauaon is a comparatrvely limited one, because when exceeding 
a certain proportion the sjiooting becomes wild, yet at short dis- 
tances, where great accuracy is not of so much consequence, 
a vciy heavy charge may be used with ^reat effect. It has been 
projiosed to increase the weight of projectiles employwl agiuust 
iron |iL»tes, diminishing the charge of powder. Now, were it an 
easy matter to jjenotmte both sides of an iron ship, this proposi- 
tion would bo reasonable ; but in tlie present state of affairs it is 
altogether au erroutoas idea. Ia support of what I have stated 



with regard to the effect of a shot's impact, I will quote a 
passage from Sii- Howard Douglas's valuable work, " Naval 
Gunnery," page 77 : — 

" If an oblong »hot, twice the weight of a round shot of equal dia- 
meter, b* fired with the fame charge, the velocity of the former will be 
lass than that of the latter, in proportion as the B<|uare root of tbo weight 
ia greater; that ii, the weight being aa 2 to 1, the %-el>R->tie8 wUl be m I 
to \^ 2. But the effect of impact^ meamreil by the volume of penetra- 
tion, being as the weight of the sboi and the square of its velocity, it 
foUnvTR that mth e<iual obargea tlie effect of the oblong shot will be jtut 
equal to that of a round shot of equal diameter." 

From the above, therefore, it is evident that the charge of 
powder being constant, no additional weight in the projectile 
will increaae the effect of its impact. The reason why the 
68-pounder H5-cwt. gun has not yet oeeu superseded in our naval 
service, lies in the simple fact, that a charge of 16 lb. of powder 
can be fired from it, and neither Sir Wdliam Armstrong nor Mr. 
Whitworth have been able hitherto to produce a gun capable of 
surpassing it on thus point. With a view of beating the heaviest 
smooth-bores in tlie service upon every point, I have had a rifle, 
gun constructed upon a principle of my own, from which a charge 
of 21 lb. of powder can be fired with perfect ease and safety, and 
with projectiles of any weight, from- 120 lb. to 180 lb. or more, as 
m."»y be deemed most advisable. It may, perhaps, have come to 
your kiiowle<lge that this gnn has already been tried with very 
remarkable results, and a further trial is about to take place. 

On the first ooeasion the charge was increased from 21 lb. to 
281b. of powder, the jirojectilea being 1751b. in weight. Nine 
rounds were fired, chiefly with a view to test the strength of the 
gun, and upon thia, as indeed upon every other point, the result 
was most satisfactory. In onler to try the gun (which I may 
here observe loads at the muzzle) to the utmost, three rounds out 
of the nine were fired at an elevation of 37^° ; two with 25 lb. and 
one with 28 lb. of powder. The range attained was very nearly 
six miles, and the penetration into the eai-th tot:dly prevent^ 
the recovery of the shot, and could not be ascertained ; the time 
of flight of these shot was from 37" to 4o". No iron plate which 
has yet been placed on a ship's side could I think resist the 
impact of a shot from this gun at any distance within 2000 yards 
or more ; and if Sir Howard Douglas's method of calculating the 
effect of the impact of shot be (as it douhtle.% is) correct, these 
shot would have the same force at any point within that distance, 
as that of a (3S-pound shot when it first leaves the muzzle of the 
gun, since the mean velocity of flight in passing over a distance of 
2150 yards was exactly 1200 feet a second, the time of flight 
being 6*31 seconds. I believe it is in contemplation to arm the 
Warrior and ships of her class with thirty-six 100-pounder Arm- 
strong guus which are of about 4 tons each, whilst the gun I have 
mentioned ia of about 6 tons. Now it appears to me that twenty- 
four guus of this dcRcription wouhl prove a niucli more efficient 
armament than thirty-six of the Armstrongs, which have not 
shown mucli |>ower against iron plates. There would be besides 
several advantages attending such a change. One of which 
would be, that two portholes only would T>e neceasary where 
there are now three, and that in the future construction of this 
class of vessel the parallel sides would retiuire to be of less 
length by 90 feet, since the same intervals only (15 feet) would be 
required for the purpose of working the guns. Those who heard 
Mr. Scott Rutiaeirs most interesting lecture at the Institution of 
Naval Architects will both understand and appreciate the 
BUggestioQ, 

But to return to the subject more immediately under discus- 
sion, I would remark that I believe no bea-goiug ves-sel can carry 
plates of any description which shall render her sides proof 
against the jieuetration of solid shot, and therefore that these 
veasela shuulcl only be protected as far as may be possible, without 
depriving them of other and vitally important qualities; .and tbis» 
T believe, may be done in a manner to prevent the penetration of 
incendiary and explosive projectiles of a very heavy description, by 
some such distribution and arrangement of the mettil as that 
which I have now the honour to introduce to your notice. 

A powerful ai-mament and eteat speed are matters of the very 
highest im]>orlance, and notto oe lightly sacrificed; in fact, an iron- 
caJsed vessel wanting these qualities would present a mere inert 
target to a more active and better-armed opponent; and her certain 
cipture and destruction would be simply a iiuestion of time, A 
ship of war is commissioned to "bum, sink, and destroy," and 
not simply to save herself fram being burnt, sunk, or destroyed. 
In conclu&ion, I wottld remark that having no experience in ship- 
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but having had great experience Id tLe effect of abot 

ious tnatcruils, I have regarded the sides of a ship ia 

(Lis question iu the li^^ht simply of a protecUou agtiiust destruc- 

tivt* niissilej?, that is, in what mauuer tlie greateat protection can 

\itf aiforded vdth the eiDploymeut of the smallest possible weight. 

Tlie following is an explanation of the diagrams: — 

Fig. I re-pre-Miuta a transverse aection of the side of an iron ship 
protecl«rd by the aiiaour-plates, a a being the side or skin of the 
•hip of a zig »ig form; b b the outer or " louvre" plates; c is the 
h<ilt which fevsteus the latter on to the former. The sp-vies be- 
Iwreen the louvre platen may be filled with some elastic substance. 

Fig. 2givei9 a front \'iew of the bolt e. 

Fig. 3 showa the manner in which the inside plates are con- 
t]«<rt^ one with another in a longitudinal direction, ddd being 
the rivets, which are placed at certain intervals apai't. 

Fig. 4 ia a front view of the vertical joint, aa being the plates 
which form the side of the vessel, and e tlie plate which is placed 
■t th« back to strengthoD them at the joiut. This plate ia also 
oiade Csist with three rows of rivets. 



Id reply to variona qneatioas, Mr. Thomas stated that the gross 
weight involved in the proposed form wouM be one-fourth leas 
than, and, according to the 'calculations of a well-kuowu iron 
company, the expense about one-half (£2.5 instead of ^.50 a-ton) 
the exjiense of the Warrior, — that the saving would result 
chiefly from all the plates being rolled at the cost of about £^ 
per ton, whereas the Warrior's plates are very expensive, espe- 
cially where there is tongueing and grooving, — that repairs could 
be made with f;reat facility, without disturbing any but the in- 
iure»l fwrta. The width and thickness of the armour-plates would 
be Qflapted to the size and tonnage of the vessel ; it will be ira- 
poseible to give a small vessel a protection equal to that of r large 
▼eeacl. The effect of the shot's impact is diverted, so that the blow 
upon the inner plate is not felt in the dii-ectiou in whicli the shot 
is moving, but at a point above it, which considerably lessens the 
destructive effecL The spaces l)etween the plates may be packed 
or not with some elastic substance, but the (uicking was objected 
to, aa giving rise to the deposit of a gieat deal of moisture. The 
ilMidtt plates of iron, or skin of the ship, luay be flat instead of a 
SifMg form, but the latter offers a better resistance to shot. 



ON PHOTOGKAPHIC DISTORTION.* 
By BoBEiiT H. Bow, C.E. 

So many peculiarities of the photograph icpicture may be classed 
1W<1' ' ' d that the term i« very indefinite, unless it be under- 
•to< ' the total bad effect arising from the accumulated 

dls* various kinds. Or it would be perhaps better to use 

th«' lo plural number, and attach distiuctive epithets to 

the ^ . ^ irietiesof distortion. I here offer what is probably 

U) iiie<.implete list of the photographic distortions. 

I. — We very fre^juently have an appearance of excessive en- 
Iitrgement of the nearer objects in a picture. This is more striking 
in the case of photographs of objects placed very near the camera, 
sud Lrtken with a lens of short focus. It consists of a perspective 
dist<.>rti(in arising from the distance from the eye at which the 
picture is held when inspected ia the hand being far in excess of 
that distance witli which the perspective is in accordance. Now, 
aa portraits are moat liable to this kind of distortion, and show it 
iu a Diotft offensive way, we may be allowed to distinguish it aa 
Um '* portrait distortion." 

2. — We have very commonly either a contraction or enlarge- 
ment of scale at the margins as compared with the centres of pho- 
tographs, priidacing the respective appearances called " barreling" 
and '• pincushioniug;" and as this is most observable in, and most 
detrimental to the value of. copies of plans and charts, we may 
particulari.4e it as " chart distortion." 

3. — We Bometimea have a contraction of scale towards one 
margin of a picture, caused by the tilting of the camera. It is 
laOMt frequeully to be noticed in pictures including high buildings, 
the top of the picture having a contracted appearance, the result 
of aa upward inclination given to the camera to enable it to 
embrace the higher objects. In copying a picture also this form 
'jf dittortion may be produced, unless care be takeu to have the 
•tb of the camera so placed aa to intersect perpendicularly the 
plane of the picture in the central point. 

* raper nuil be&re the EduibajTBli riwto(r»|iluc Socletf. 



4. — We have an undue width given to the high lights from their 
encroaching u^wn the uoighboui-ing shadows. Tliis is due to 
aberration of the lens and the use of too large a stop. The rajH 
which are not brought to a perfect focus spi-ead the effect of the 
strong light over a larger sp.-u:e. This distortion may be somewhat 
modihed in magnitude by the length of exposure and the particu- 
lar action of the chemicals employed. 

5. — We have that variety of distortion pointed out by Sir 
David Brewster as afieeting the images of small prominent 
parts of a body when taken with a lena of large unstopjied 
aperture. 

6. — We may note what, in some treatises on optios— as for 
instance Dr. Lardner's — is particubrly called " distortion of the 
image," but this ia perhaps better known by the better name of 
" curvature of the field." 

It is to the two first varieties of these distortions that I mean 
to confine my remarks, viz., the portrait and chart diatortioUH, and 
I shall ehieffy dwell on the latter of these. 

OS THE " PORTRAIT DISTORTIONS." 

In the case of all pictorial representations into which perspective 
enters there is, lor each picture, a certain point at which the eye 
should b(* placed in order that the apparent relative distances and 
maguitudes may be all correctly given. The truth of this, though 
known to all who have studied perspective, does not rea<lily oom«j 
home to us in a practical form, since the eye is so accommodating, 
or rather ao little critical on this p<3int, that a picture may fa« 
placefl at a conaiderahle range of distances from the obaerver 
without the ensuing incongruities of the perspective becoming 
offensive in amount. 1 8p>eak thus in reference to the production* 
of our best ma.sters in painting. 

Another order of things, however, was established by the intro- 
duction of the quick-jicting (xirti-ait camera, with its short focut, 
and the accompiinying necessary proximity of the peraon to be 
operated upon to the instrument. Yet the distorted appearances 
which we fiu<l iu the productions ofsuch a camera, and which have 
in the public mind been attached aa distinctive characteristics of 
photogniphic portraiture, are only exaggerations of a defect which 
ia attiiolied to every picture. 

When a picture is looked at from the proper point of view the 
image in it of any object subtends the same .<ingle .at the eye as 
the object itself would do were it seen direct. But the error 
committed in taking photographs of near objects is, that the 
proper point of view for the photograph ia at far too short a dis- 
tance from it. 

When a photograph is produced by a camera with a small un- 
stopped lens, the proper distance at which it should be viewed t'j 
see it in correct perspective is identical with the focal leugtii of 
the lens. Now this distance is frequently not above a third i^f 
that at which the photograph would generally be held when 
inspected in the hand. But, not to exaggerate, I will, in the fol- 
lowing examples, apeak of this focal length or proper perspective 
distance of observation as six inches, and the distance at which 
the photograph would generally be held when inspected in the 
hand, at double this, or one foot. 

Let the objects of which we are supposed to take experiment-\l 
photographs be two aticks or posts of equal and suitable len ■ ' 

K laced 5 feet apart, meaaureu in the direction of observris :> 
Tow let us first plant our camera at a distance of IW feet from the 
further-off post, which we will consider the standard or undis- 
torted one. Let the angle subtended at the distance of 100 feet by 
this post be represented by a, then the angle subtended by the 

. -.11. 100 
nearer post will be = -^ — a. 

Taking a photograph of these with an unstopped Icne of small 
aperture, it is evident that^ when this is held at the focal length 
of six inches from the eye, the angle* subtended by the im;»gc»l 

g>sta will be the same as if actually looking a.t the }»o8t« direct. 
Ut the photograph would not be so held: it would we assume Im 
naturally placed at a distance of one foot from the eye, so thai 
the angles subtended by the imaged posts will be reduced to half 

their former values,* or become ^ - and ~ . z— . We haveuow 

to inquire into what change these altered angles represent, and xvv 
shall arrive at the apparent distortion or change, by arranging 



* It U not ttri 
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the actnal posts so as to sabt^nd these new angles at the eye; and 
thia may be done iu three different ways: — Ist. We m:iy double 
the distance of each post from thb camera, putting one 20O feet 
off and the other 190 feet: the accompanying effect of this would 
be to lengthen out the distance at which they are apart from 5 to 
10 feet. 3nd. Retaining the distaneo apart of 5 feet we must 
place the standard one at 200 feet off, and lengthen out the nearer 
post to a certain degree, ascertained thus: — the angles we would 

have if we did not lengthen the nearer post would be = - and 

a' fnltj *''*' ^"^ angles we want are ^ - and - "-rz ;sotnatthe 
2 lUo z 2 'Jo 

length to be added to the nearer post = „ ( -^ „^ )— 7To~ 

O'01344,it8lengtb being takena8UDit7:the increase uflength would 
therefore amount to only atiout 1^ percent. The third method 
of bringing about the change iu tJie angles is by a partial adop- 
tion of each of the abnve expedients, and thia, us we shalE more 
particularly point out, is the actual change which the picture 
- Jjepresenta, 

From the above example we see that for such objects placed at 
great a distauce from the instrument the amount of apparent 

Krspective distortion is veiy trifling, and far less than what would 
required to strike the eye. But let us now take a more trying 
example. Let us produce the photograph of the posts with the 
camera only 10 feet from the further-off one ; and let the angles 
under which they are seen direct, and their uuages seen at 6 inches 

off, be := A and 6 - or 26; these become in the photograph placed 
u 

1 foot off — ^ fc and h. To make the actual state of matters coi^ 

respond, we mn.^t^ 1st, either place the posta at the respective 

distances of 20 and 10 feet; or, 2nd, placing the standard one at 

20 and the nearer at 15 feet distant, we must lengthen the ktter 

by an amount =i — (^b—j—^b, or 33^ per cent.; or, 3rd, 

we must BO fiir make both changes that their combined effect will 
give the requisite change in the angle subtended at the eye by the 
nearer post. 

The effect produced upon the eye by the two first alterations of 
the poaitiona or lengths of tlie posts are identical, so that the eye 
alone is not cafiable (in so far as perspective is concerned) of 
judging between them, or saying in what degree either form of 
distortion exists to the displacement of the other; and the judg- 
ment really formed will be very much directed by the character 
of the picture, and the ideas respecting it pre-occupyingthe mind. 
We may venture, however, to say that, in the case iT an ordinary 
picture, the idea of enlargement of the nearer objects wilt pre- 
dominate over that of their exaggerated separation from the back- 
ground, since this makes a less demand upon the power of calling 
up the idea of relief. In some stereoscopic pictures, on the other 
Land, where the idea of relief may be exaggerated, the nearer 
objects will actually appear diminished as compared with the 
background or more dist.-int objects. 

All that need be said in reg.ird to obviating this form of distor- 
Uou is merely to repeat directions which have already been given 
by others^ — to avoid taking a photograph of an object with the 
camera pl.iced too near it; or, when that ia unavoidable, to uie a 
lens of much longer focus tliau usua!. 

This form of distortion is peculiarly prominent in the case of 
portrnita, but these are also liable to all the other varieties, 
{Tu It continued.) 



REVIEWS. 

A Complete Treatise on Cmt and Wrought Iron Bridge Construc- 
tion. By WiLLtAM HfMUEn, A.I.C.E., &c. Folio, 2 vols, (text 
and plates.) Loudon: Spou. 1861. (Second notice.) 
We have reserved for this concluding notice the consideration 

of the practical, and perhaps most important and.nsefut, portion 

of Mr. Humber'a work. 
Under this head we may with propriety include the tables of 

the dimensions, weight, strain, and cost of various iron bridges. 

We extract, by way of specimen, the data of a few bridges : but 

the entire tables (comprising particulars more or lesa complete 



of between seventy and eighty bridges) will be consulted with 
advantage in the volume itself (see next page). 

Assuming the correctness of the preceding figures, we remark 
that, for its scale of span, the Saltash (lloyal Albert) Bridge is as 
remarkable for its cheapness as for its original and elegant design, 
the cost per foot forward beiug about i"10<), while that of the 
Britannia Bridge is .£400. The Pimlico Bridge, consisting of 
wrought-lron arches, and having spans of but 17.5 f^et, appears 
as costing very nearly as much per foot forwai-d as Saltaah, with 
its spans of 44.') feet. The marvellous economy of the latter is 
partiv due to the depth of tniss employed, but mainly to the skil- 
ful adaptation of the suspension principle. 

After the first of the tables on the strength of iron, mentioned 
in our former notice, we find the following remarks as to the in- 
fluence of foreign ingredients on the quality of cast iron. 

' ' In comparing the tenaile and oompresnve reiiatancee, we notice that 
there i« not a coastant ratio between these quantities, but. oa the contrary, 
this ratio varies wiiiely, and we find that with some epecimens the re- 
BiHtaDce to cniiibins; force is throe times the tenaile reeigtauc«, aud in othera 
the crushiit^ xtrength Is even seven Umes as great as the teuaile strength; 
ami b<.<tween theK two values are the ratios of the strengths of the reuain- 
iog spectiaeiu. Wa have not deemed it advisable to encumber our space 
with chemical qualities of the Tarious irons, but will now mention soma 
of tbo characteristic oonstituenta of some of the specimens now exhibiting 
well marked dilitarenoea of strength. As the tensile and compressive 
resistances do not bear any constant ratio to each other, we must con- 
sider the effexits of chemical conslatution upon each aujiaratuly. 

We wUl first consider teuxile reAintanoe. We bore fin<l, as a general 
rule, tluit the ingrtnlientft which dettm'orato the strength in the greatest 
dcgrve are isilicou. pbitsphorus, ami sulphur, but there are some samples 
in the tabic which are actually strougvr than some others oontaining leas 
of those cooBtituenta. Of the effect of manganese we cannot certunly 
assure ourselves, ns some experiments appear to be in its favour, whilst 
others give adverse indications, although the former are perhsps more 
marked than the latter. Let na select a few epecimeiis for sfH^cial cod- 
sideration. Hcematite iron, No. 1. F. P. has a strength of 14,233 lb., 
and the important foreign constituents are, manganese O'll per cent., 
silicon 3-1I2, phoaphoruB 0-0t>; and again, the ISetberton iron, Nos, 4 
and 5, uxhibita a strength of 3i^>.344 lb., and contains, manganese 0*27, 
silicon U'$3, graphite 'S'Q'i, Kulphur U'i)4, phiiephorua 0-31, we may expect 
here an increase of strength on account of the diminution of siUeon and 
graphite, the former most particularly; but, on the other hand, this iron 
ctrntnins n lai^^r proportion of phosphorus than the preceding sample, and 
itttl.io <!i)ntarns aniphur. The manganese ia in exceiM, and it is u ijuestion 
which way this operates; if favourably, then the great strougth of this 
iron ix tuore readily accounted for. If we examine Noe. 3 and 4 of the 
haematite iron, we find that their respective strengths are nearly equal, 
while their C4.>niitituents are as folL^ws : the manganese is the same in both 
samples, the ailicou ia least in the second, which is a Uttle the weaker uf ' 
the two; the total amounts of carbon are very nearly wjual, but in the 
second sample a snoaU portion of it is corabinerf; there is ten timeHotimuch 
Aulpbur in the second as in the first, but there w less phosphorus — three- 
fiftht< of the quantity; from thia it would appear, that imlphur d'jca not ex- 
hibit its effects in so great a proportion as phospboroa, fur the difference of 
siUcon iu but small, and the sulphur in the first specimen is 00' 1. and in 
the second 010, an<l the pho«>piiorus in the first U'05, and in the second 
0U3. We observe another cobo of two irons, one having a teuaile strength 
of 30,115 lb,, and the other 30,.')3'l lb.; though the former cuutaimi twice 
as much phosphorus, one and "^ ^"'*' v--- ^ the HiUoon, and more sulphur 
than the latter, whkh diasdv:!: ir to l>e eompenaated by a great 

excess of manganese, and a rIIk ii<>a of graphite. 

With regard to the comprBHaivo sLrongth, it will be ail^'ijmble to com- 
jwro the eoimtitution of DpecimeuH of equal tensile reals tai ices, or nearly so. 
In the caws of two of the specimens, wo fiiul that one ban a ti.<iLiile resist- 
ance of 10,886 lb., the other 12,5^3 lb., while the comprt-ssivo strengths are 
respectively 77, fidO lb. and 56,119 lb. Tlie first (<])ecimon contains only 
a trace of uiongaiiese, the seoond a considerable quantity; the first has 
twice as much sthoon, less graphite, more sulphur, ami eleven times aa 
much pboephiirus as the Utter. From this example, and also from three 
or four others where the tensile resistances are not wi<lely different, but 
var]ring inveisely to the compressive, we are led to conclude that deterio- 
ration due to silicon and phosphorus ia not so great for compressive resist* 
ance as for tcsile, though a general examination of the table shows that ao 
effect similar iu kind, thou^'h difi'erent in degree, is certainly exhibited; wa 
oliio find that for compressive strength the presence of mangaoese is not 
advantageous." 

The following passage on the proportions of foreign oonati- 
tuents in various iron ores ia also interesting — 

" llio nature of the metal employetl %vill, of course, depend in a 
great Uieotturo u|Hin the purpose for which the casting ia required; 
it would tluTt'fi^re be useless to enter into this subject, but we 
will give a. Irrief account of the properties of the irons made iu various 
parts of the oountty, previously statmg, however, that our infonnation ia 
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obtained from the puhlinhed re{)ort of the experinieuto on caBt-iron con- 
<luct«d in the yearn 1856 to 1859 at the Woolwich AnenaL 

The iron prepared from the ore* of Whitehaven, WeardaUi, and thoce 
of tlw Foreet of Dean, are reouurlcably free from phosphonu. Thia ie 
dne to the very high '{uality of theae area, which ar«i almoRt entirely free 
ixasa phrHphurio acid ; the considerahle percentagx^ 'if oUicon contairiKil in a 
great nninber of the orea ia not so ea^y of expUnatiim, but may perhaps 
be due ti> the oae of hot-blaAt in the reduction of the iron. The products 
of the area of South Stalfuriishiro and South Wales are for the most part 
of «Boelleiit cheruical (juAlity. Uut of tweniy-six sAtnples examined, only 
|fa«s occiur in which the riiLimn amounts to 2 per uent. Out of thirteen ex- 
■Bpies from the Nethert<jn and Old Hill Works, only BeT«n oasea OQ^ 
CBired in which the siliom exceedeii 1'15 per cent. 

The priip^jrtion of phosphorus and sulphur in iron frf)m the ores of 
theae districts was also inconsiderable in the sauiples of iron which were 
cxaminetl: In only three out of the twenty-six sAmples did the sulphtir 
amonut to l-10th per cent., and the phosphorus amountcxi t<> \eaa than 0'5 
neroent. Lu tnvnty samples; of the reimiuiini; six samples three contained 
Waatliaa 0-6 per cent; one from the Old HilJ Works iwmtivined 0''53 per 
oeni., and two samples from the Brierly Hill Works contained 0'64 and 
0"72 per cent. The ore« employed at the latter works contained some- 
what higher percentages of plii^ephoric ncid, the effects of which on the 
Ootnp:>sitioii of the iron pnxluccil are therefore clearly traced. The pcr- 
ccnta^^OH i<f tlh> phosphoric licid in the ores used at the Old Hill Works 
■re »iea hi:.'her than in those used at the remaining iwuth Stafionkhire 
Works, and xU, influence on the quality of the product is abowu by ref^- 
enc« to the composition n{ some of the iron from those works. 

The oolitic ore and clay inin-stones used at the works in the North 
Midland ami North Staff mlahire districts, as abo the ochrey-bro\vn iron- 
atiiii. the NorthampUmshirc Works, contained pro}>ortions of 

phi>- which are more cdiuiderable than those existing in the 

grr- • . I if the other ores examined. Thus the ore employed at the 

eo'.j- mac»» contains nearly 2 per cent, of phoRphoric acid; that 

Q*t»' ■kt'in Works contains upwards of rs per cent., and very 

nearly xXik luime amount exista in one of the ores in the Butterly Works, 
and in that •>inp1oy.;d at the Goldendale Works. The proportions of 
phov; ■ rioiia samples of iron fnmi these sources exceed 1 per 

o»Ti! plo from the Butterly Works, in which however it 

amoiiiiL-' •-■■ " . - 1--1 «jt!Ht. The samples of iron produced from the North- 
■npt<7n«hir« ores also contain more thm 1 per cent, of phosphorus, the 
proportions of phosphoric acirl in the ores are, however, not quite so high 
M Xba*t in the last alluded to, amounting to 0*84 and 1*03 per cent. T^e 
aampies from the East End Works are stated to have been prtxluced by 
the oold blast. The North StatFordshire ore used at the Goldendale 
Wtirk« contains nearly 1 S per cent, of phosphoric a<nd, and the proportion 
of phofphonis in the iron produced fn^m it just exceeds 1 percent. 

A general ins^iection of the results obtained from the examination of 
ths *m* and of die irons nianufacturtMl from them a{>peara to justify the 
frtllfnnn;^ ccnclusions :--TTje prop«jrtion of silicon in the iron is much less 
influctiCr?<J by the C"HU!titu«f>n of the ores than by the conditions of smelting 
iindsr son e circum«tAncr.>H, aTn< >'a.'^ which may be included a deficiency of 
alBWiTna iu the ore of flux employed; an ore containing much silica is very 
Bahlo to )^ve rise to a highly silicious iron. The priijiortion of suiphiu- ex- 
Satiag even in light grey pig in>n is never so considerable as to exert even 
afipnciahle influence on the properties of the metal, nnd none of the 
deMiriplirns of liritish ores which have Iwen examined contain an amount 
uf Hulpbur Huffici«nt to exercise any prejudicial eSecton the irons produced 
fr>im thefu. The proportion of phiwphorus in ir>>n is in a great measure 
due to tlie percentage of pho«]>huriu acid in the ore eui])Ioyed, while at the 



same time it is probably to some extent regulated by the temperature at 
which the iron ia reduced." 

Id the practical appUcation of the fomiulte given in the pre- 
ceding part, oar author goes into detail iu a mauuer rery useful 
to those who have to learn the designing and proportioning of the 
various parts of iron bridges. We have then a very comprehen- 
sive and full chapter ou the form of iron and the processes of 
manufacture, amply illustrated. The Bessemer process is ap- 
fiarently not referred to ; in fact, Mr. Humber does not dwell so 
much upon the production of the difi'erent forms of iron as upon 
their manufacture, into which he goes very minutely. As in- 
stances of methods of manufacture that may still be called recent, 
we extract the following : — 

" We may here mention anotlier special form of iron manufactured l>y 
Meaars. Howard and Ravenhill, of the King and Queen Ironworks, 
Rotberithe. It is necessary in the formation of links for sus])eiisii)n 
ohuns to make the heads of every link of such dimensions that they may 
be equally strong with the other parte of the bar, after the bole is bired for 
the insertion of the connecting pin. This was formerly accomplished by 
forming the links of round bars, the ends of which wore bent round so as 
t<i form eyes which were completed by welding, but such welded joint** 
are by no means to lie compared with eyes that are formed in the rolling 
of the l>ar, and which is now accomplished by a method patented by the 
above firm. Tbe principle upon which this process depends may he thus 
briefly descrihod. Let AB anrl CD, Fig. Kfj, represent two strong rollers 
varying in diameter as shown ; let a heated bar of iron, whose width is 
equal to that of the required link, be now passed l)etween the cylinders 
in such a maimer that its length is parallel to the axes of tbe rolls; then 
it is evident that the ends of the heated bar will be spread out, while the 
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centre part remains unaltered; the bar ia to be repeatedly pas-sed Itctweeu 
the rolls, which are brought nearer to each other before every |)as»age, 
until the ends of the bar are re<luced to the thickness of the heada of the 
required link, when the bar will present the appearance shown at t /; it 
may now be rehealeil luid pasaed through a ]iair of roller bats, in order 
to itxluce the central part of the bar to its re<{uinjd thickness and to ex- 
tend the link to the prosier length; it wiU then appear as shown at ,7 A, 
having the ertremltieit of tbe same thickness as toe central part, but of 
greater width. By thia mode of constmction we have the same eertional 
area of head of the link after tbe hole for the connecting pin has been 
bored, as exists at the central part of the bar. 
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AooUier very gnsnt improvftDLiit in bridge conRtniction o insists in 
the invi^ution of wrm^rlitinjn liuckled n)ailwa_T platfs. The lnn'klcil 
pUt4ai, a* c'i)inni'.>iily iiiiwiufiMrtureU by th« licenaoJ inaken*, C'lnisimt uf 
H(|UAr« pbvU)* of wrought irctti, very thin and Kig. R7. 

•Hjjhlly urehnl, u-ith it very Hiuall rise, or curva- 
ture, fr> 'in thi; i»iiriii;^m; ot the edge of the plAtes 
in i»ll direcliiMiii ti> tile teutre, iu ahown at Fig. 
n7. E»oh pUte is thcrefon? n vory thin wjd flat 
polv?onid dome, or groined arch, the thruata of 
in ■ ' 1 i:i.J on which, in the dirtmtionof any 

lu ■<id<A», i\r<' kmitJO by tbo teimile r^ 

(liv! L 1 lUo outfU- fxirtioiLS of the oiljacent 

*i<it« of tim \>[nt*\ The fliit omrgiii circunutcrib- 

iiii; the plat« iis called the fillet. The reniitonoe 

of «i|u»rc buckled plAte«, variet! directly aa 

tl»n tliicknttHH of the plate, and invcrvely as the square of the line 

iif ' : dititance Ijetweeii the aupport*. A buckled plato bolted or 

ri . I a.11 round the kuU« giTM douUe the reaintance of the tame 

|/U,^ , .--upported all round, and if two opposite ndea be wholly un- 

»ap{iorted itx rutiistauce iat^uctsd in the ratio of ci^'ht to fire. Within 
the limiU) of isafe U>a4l the nMi»tanc« in nearly tho Daiut;, wliether the load 
ba «)uaUy diffuseii or ooUectcid near the crown. The BtifTnesa at any point 
uf the plate &« against unequal loading varies as the square of the tliick- 
u«M» of tht: pUtc, and tnveriKtly ws the cutVatare. The curvature (unlois 
(<ir wiiue ffpeeiivl i»ur])<jsfl sliuiild never exceed that which will just jirevuat 
il,.. . M,.i,ii,..ri(,iwl from brintnrnj tl»e plate down flat by oomprtiSKinn of the 
II. than twn in(;he,i for the vi.Tsed sine of the uurvatiiie haii 

if ^liificicnt for a buckled plate four feet square and one- quarter 

of All tUcli liuck. 

The following remarkit will ^ve some idea of the aotnal nwistanoe of 
buc'kle<l plfttos: — A thr ' le buckled plate of ordioary StafTord- 

shir*- irim, one quarter ' ' k. with a filJot two inchus wide, and 

Itt^i t4iLil oorvaturc amoi, j und ibn.'e-quiirttT inclu«, «u])p'>rted 

<iidy all rouud, rwiuir».- weight, diffu.'k.-d ovt-r alxiut ludf the 

nurfmif At the cro^vu, to ]■ i;iire,and double tlw. or eiyhti«n t<"ins, 

to cripple it if it be flruily ijulted Or riveted down all muud it« edi^e. 
A similar plate of soft puddled-stecl will Ijear nearly double the weight, 
or tliirty-hvo tons jwr square yai-d. Tlie buckled pLiteti u»ed in the con- 
fctruoli'm of New VVeatminaU;r Bridge, each aveniff uii^ neven feet by tluve 
f, ,.i ..,. 1 i...;„;jr a quart.T of au inch thick, were ppived by lowerirvs; upon 
1 -ach a block of j^rauite wei),'hing seventfwn tons, which did 

ti _ injurj'; the plates h»\-e aciu-vature of three and a-halr inehes. 

In liniue-finoriiig ilie pUtas should only b« subjected to one-«ixth of the 
trippliui; lijiid." 

The pitvclicftl section of the work concludes with a chapter on 

iron piers and foundations, iti which we observe an ncoounl of 

Beink^'s diving dreaa, nud descriptions of the v.-trioua metho^ls of 

8inkj|i<,r cylinder fouuJatioua. Theae arc, the open cylitider pii> 

cess, whioh may now be seen iu progress nt the Charinjf Croas 

Bridge, Potl«'8 Vflcuuin, and Hughes's .\ir-pressure process, by 

which the exaivntora are ounbled to work in the cylinder &8 iu 

a diving IhjII. Sci-ew piles are also noticed, and Mr. Bninlees' 

hyilranlic method of siukiug disk piles in sand ia fully deacribe<i. 

The third section of the text consists of deBcripttoDs of the 

ibrid^'es illnstrated io the volume of plates, and these descriptions 

d iilusti'acious form, in our judgment, the most important and 

■Vftl uaVde, iis they uudoubte<lly are the most attractive, portion of 

the work. The large scale of the engravings, and their fall 

.detail, render them especially instructive to the student or young 

agineer, and interesting to all. Those also who are desirous 

~ reading siieciticatlotia will fiud ample opportunity affoixleil 

them of doing 8o. 

As a whole, the work is a very desirable addition to an en- 
gineers library. We should Ije glad to aee it in a second edition, 
because (:ui lui^ht perhaps be expected iu so large a trcatitte) it 
temt iu some respects not iucapable of iniprovenieDt, while there 
part* that cerUiiuly require revision. Where original geo- 
uietric'il rensouing is ess.iyed, the results (.as pointed out in our 
former notice > are in some iustauces far from satisfactory. But, 
geuerally spe.iking, Mr. llumljer's treatiiie does great credit as 
wfill to the induNtry of the compiler aa to the competence of the 
writer. 



Tlir British Almanack for IS62, and Companion. London: 
Knight and Co. 
Mr. Knight'"! "Companion" to laat year's alman.ick, issued .is 
an nppeudi.\ to that just pobiUbed for the present year, presents, 
n^u-siinl, a Imiu^o MMiotiut of well digested matter on ciureut topics. 
Thus thegreat tiittioiml sUitistical eventof ISttJl — the "Census" — • 
i« iii:ily<ied at eonsideiable length, and pi-oves a very r<-ailable 
I : iibuiion, whilfl that which promises ;UotwithiitaDdiug the 



R.tyal bereavement which the nation now ao deeply deplores) to 
be tho Icailing fact of 1SB2 — the International Eachibition — isdis- 
cusseil iu its several bearings upon art, miuiufacture^ and com- 
merce generally. The " Cotton Supply" too, present and prospec- 
tive, an ab^orbiug question in the e.xlstiDg crisis, receives its due 
share of attentiou, nor is the subject of " Popular Education " over- 
looked. In a second part we have as heretofore abstracts of in>- 
l>onant public acts recently pa-ssed, of which nearly forty are 
given; these include the Smoke Nuisance (Scotland) Amendment 
Act (June 7, l&61'l; the Commons lucloaure (July 22, 1861); 
Harbours (Aug. 1); Copyright of Designs (.4ng. 0); and the 
Drain.ige of Laud (Aug. 6). The "Abstracts of Parliamentary 
Documents" include finance, curreucy, trade, poor laws, colonial 
statistics, &c., to which are added a summary of the proceedings 
in parliament, a chrouicle of occurrences during the past yenr, 
and other miscell:*ueou8 information, forming altogether i\D inte- 
resting and useful compeudium for reference, 

One constituent feature of the book is its annual aichitectural 
record of important public buildings completed and iu progress, 
as illustrative of the slate of art, progivasive or otherwise, in the 
United Kingdom. First in this list is the New Foreijju Office, 
and Mr. Scott's Italian design, which Lord Palnierstou desiguates 
as one which, " although it ma}' not be very magniticeut or 
splendid, will be handsome enough for the purpose," and now 
immediately to be proceeded with, thck houses which occupy a 
portion of the site heiug in coarse of removal. 

"The alterations in the National Gallery, de8oril>ed at length in the 
'Companion' of last year have been completed, and fully jtiatiiy oil that 
was there anticipate<l. The now room is of good pK>portiotui, tliough 
hardly wide enough to display properly pictures of the lar^<cst mae. 
Without being a« bald in appearance aa the old rooum, it is quiet and 
chaste in the style of its onuuneatotion. As filled with the magnifioent 
(xiUection of the fineot of our ItaUan picture?, the room ban a most 
impressive appearance; but ap.irt from the pictures, It must l>e pro- 
nounced guoceauful. Further alterations and additions to the National Gal- 
lery have been reodersd inevitable by the removal of the Turner pictarea 
fr»m the South Kendngtna Museum. By the terms of Turner's will tu» 
oil paintings were to be plaoeil, within a certain time now nearly exjraned. 
in a rojni or nxouB io be ailded to the National Galloty aod oallad the 
Turner Oalh-rj-. Instead of this, rooms were, about three yean ago, 
built for their reception at South Kensington. The legiality uf this pnv 
oeeding havitig h>efn questioneil, a coiomitteo was last seisiou ap{«inite<) 
by the House of Lords to consider the whole matter. Tliey uwt, reoei^'ed 
evidence, and refiorted that wh.it had been done was nTottg: that die pic- 
tures <.'U>,'ht t<i be removi-d, antl ' forthwith depo«ite>i and properly bung 
iu one of tlw roonia of the pi'tafent National GaUBiy, aooonlintr to the plan 
which Mr. Wonium, tlie kee]>er, lias stated in nia evidence that he is 
prepared to oarry out.' But n« this is merely a temporary ex|>e'tient, 
they recommend that steps should be immediately taken for erecting a 
|termanent Turner Gallery, aoconliug to the plans of Mr. Pennetbome. 
Tlie Turner Gallery of Mr. Pennetbome is only part of a larger d«*igu 
submitte^l by tluit gentleman, by which be proposes to increase the area 
of the present National Gallerr fruui 20,000 square feet (which iuvludes 
the Uoyal Academy) to 50,000 si^uare feet, ana thus afford ample Kpooe, 
not mc-rely for the pictures at prottent possessed by the nation, Imt for the 
a<liLitioiu» likely to lie ubtainetl for many years to come. For this exten- 
sion, ]\Ir. Pennetbome proposes to remove about half of the workhouse at 
tlie back of the Galkiy, and to erect, partly over tlw adjacent liskrrack- 
varvl. n «uite of rooms, iu such a manner that the ground floor of it shall 
]»• built upiin ixilumns, so that it shall serve as a ooloiuuwle for tlie »oldiers, 
Thi; c>st would be a)K>ut 100,0002., and it oouM Ixj conipleted in aU>ut 
two yenni. Mr. Pennetbome propoaes, however, to bet^ with the Tur- 
ner Gallery, which would be about 186 feet long, would nost 2.">,iK)rtl., and 
(>iuld bo comjileted iu nine months. The Government arc imderstoiMl tu 
approve of this proposition, and apph^atiun will probably bo made next 
session to Parliament for tlie funds neces«Ary to earn,' it into exeoutiou. 
The new builrliugs, l*iu^ at the liack of the Notional Gallery, and away 
from any lejvliiig thoroughfare, would not be of on omauicnUd character. 

The International Exhibition comes in for a due share of recapi- 
tulation, aud we are ghtd to endorse, aa we Ix'liexo the professsiou 
will generally, the opinion that "in its present unfinisUexl Htate.aod, 
it ni\i8t be confessed, also iu the otficialdni wings, the exterior bears 
a aurticiently unpromising aspect." But it must be remembere*! 
that it ia desirwl, if it bo retsiiued ad a permanent stru-^ture, ta 
adoru the brickwork with polychromatic and terra-cotta o rnamen- 
Uilion, which with its great mass may render it an imposing, if 
not a ver^' mngtiiticent structure. The great blots in tli« design 
aj-e undoubteilly the twocupobw, which, placed at the e.\ti>Bmities 
of so long and eomparativeir low a building, must hav,) a teu- 
deocy to overwoigh and cnisii the centre; luul the grand 'central 
dome bfcu retaiued as originally proposed, the result migkt have 
been very dilTeient. Should the building be retained perniittieiiily 
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it tnav he hoped th&t at some fiitare time thia great central fea- 
ture will be added. 

Among olhcr public works to which reference ia made may be 

nicTi'.imicd the VVestmiuster C'riineaii Memorial iu the D»-oad 

. and tlie sculptural memorials of Wellington, Nelson, 

, Sir C. Barry, and Lord Herlwrt of Lea. 

6cvcrid new chxircbes, hnve been completed during the year, iu 

London and ita vicinity, the most remarkable iu most n»Hf>ecta 

b^ing that in Garden-street, Westminster, by Mr. Street, which ia 

thus coiunieuted on : — 

"A -uture of the exterior in the square detnchw.! tower which, 

likf I 'nv uliureh, isof rvd .iiul block briek with biuidn <>( «t<ine. 

Tbi*. viK'u-ji .iMrthom O.ithie in det-til, at once ivuiIuiIa ui of the brick 

cnmpitutlrs of Italy. Like them it h.ifi large nml riolily-oniiumeiitil U'l- 

fi'> amhI.iwti ithe *pmewhat sitilttvl arch'^ and trefnil ciwps iif which ju-c 

Italian in feelitii,'), aud in finished witli an elaoi>ntlo ci)nu(!e. 

hnfl, in the u|>per p.vt uf this campanile, introduoe«I ui the 

v.v;;Uv ot iDe<laUioos. for the first time a« fw aa we recollect, the 

Btnall \talU of coloured marble or granite which so frw^ueutly oci'ur in 

'.'■'■!■'■;>, and in bri^'ht Hutmhine (five mich shaqi xparkling [■nilnta 

low. The Komowhat dumpy Rlate-cuvered epire, with the 

, .iLta at the an;,'les, is not only a verj" un- Italian (which 

i'( ItieniiHh). but a very awkwani and iniwrmnnious terniination 

• eko a verj'noble tiiwer. Tht) t<iwer itaulf might, however, have 

ijotu taxriwl up as hijjh iu< the t^ip of the ajiirti, aud then crowned with «oiwe 

ei]itAlly toll hut lefts harsh and heavy tenuiiml. The church, which Btan<lfl 

in a tlirty narrow street, and ia surrounded by luean houees, would thus 

liare tuade ito presence known, wherea* now it itt ncarcelj' seen from any 

pMt «>f the neighbonrhiXKj. The entrance to the church ia through the 

' tower, ati<l thia ia conuected with the north aisle by a short arcade or 

I poroh. Thn.)Ughout thu work i» execute<l with the greatest care. The 

oonstnictive colour and the nmainental are very yii-id — toi) virid, we 

ink --but they harmoniHe well together, and are extremely efTective. 

"■ -' -t haa, in thitt church, turned hi.-( atudicj^ amonjj the inoduevid 

! \nga of the north of Italy to ainod account, without losing his own 

.,,.. ,.;,, or desceudinv,' to direct iuutation. He ha* pnnluctKl nt once 

NO iirtislic and a coii«:ientioH» work. Curious, j>erhajM, aa a poor uuura 
duurli, cnrioug as a building constructe<J for the plrtin unil solt-mn service 
of the Church uf Entjland: but un<loiibtedly, acceptinir the theory on 
which it ia dwigned, as a buil<ling one of the moat satisfactory and leaat 
cammonplace, aa well aa sug((eative, of the churches which have been 
■ act ed iu London for niany year»." 

"With the Wci^tuiinster church is almost naturally nssociated 
that by Mr. Buttfrfiehl, now nearly completed iu Baldwin's-gnr- 
6eas, Gray's-inn-lane. Ou the interior much praise ia deservedly 
bestowed, but the effect of the exterior is Jeticnbed aa "far from 
Kood," — a decision with which we cannot agree. There is. to our 
miud, a simplicity, boldness, and dignity rarely to be found in mo- 
dern buildings; nor do we object to the "ordinary" colour of the 
bricks of which the walla are mainly construcleil. The interior, even 
in it& unfinished state, ia very line. From its great length and width 
ADd unusual height, and the great span and height of the nave 
and chancel arche.s it produces an impressiou of largeness of 
ntylc .irnl dignity, which nothing in tl»e ornamentation h.os thus 
far Lad a tendency to le.'wen. The ornnmciiUition is very elabo- 
rate. No expense is being spared in any part, the conatruction 
is throughout most solid, and for the decorations the choicest slabs 
of olaboater and Derby aud Devon marbles have been selected. 
Aa in Mr. Butterfiehl's church iu Margaret-street, there is no 
enst window; the upper |)art of the east wall being panelle<i for 
the rcii'ption of frescoes, the lower being plated with alabaster, 
iaUid with patterns iu black aud coloured marbles. 

Mr. R Bniudon's churches iu Windmill-street and Knights- 
bridge elicit a modified commendation, iu which we concur, for 
whdt* they give evidence of consider.ible study and ingenuity, 
IDQcli of true Qothic feeling appears, nevertheless, to be wanting. 

" Church restoration ia epidemic. Wheraver reparation has become 

Biciwry, what ic called reaUirntion id deemed a neoeaaity also; and very 

often the restonar (or destroyer) ia set t.o work where no repairs are r«- 

f|-uln'<!. We have l>e«u c<iii]plaiued of for inaiHtinj^r on what is after all, 

' a mere matter of taste. But it is rually a (jwoil deal more. 

iio artistic error of rojilaciug old work that hum sufTered from 

'■ - tooth of lime" by new, and of n.iuionng' the ex<)ui»ite 

nat risny of centviries by the joumey^vork of scraping and chig- 

clhij^, ; itf "liject now in restoration is t» sweep away whatever 

baa been the Ttefonuation, in uruer to restore the church to 

Ha origiiM' > The rrwdt is to destroy the historical character of 

the Kiuldiu^', m* tiu^t of the absurd oleatining and renovating pnjceM is to 

•iMktniy it« Mi/iciations. By the <loubI« (irooess we have a spnice new 

' Mich ati till! archiUvt of toHlny niiifhl turn out to onler in any 

luateod of a buiiiiin^' viiurable in it!< time-woni garb, wliich the 

._ . . .„.;f ucted and U»e uiv*t i^'noraut alike gaae on with sdmiratiou and 



aw6. Thia destructive restoration ia commonly carried on moat vign^ 
ously in our parish churches, the scene of the blundering, but leaf psmuk- 
nently injurious, church-wardena' ' l)eautifying« ' in .the day* of our 
fathers and grandfathers. But its operations have by no means been 
confined to them. A mouth or two back we were horrified on visiting 
Lincoln Cathedral, in some r»:,«jiectfl the noblest of our mediieval remains, 
to see tliat its exterior is actually under a course of scaping aud cliiselitig; 
and it is rept*rteil that a similar pnx»a« has been carried farther at Win- 
cheotor. Aa however, these proceetlings, which appear not to be con- 
ducted under architectural supervision, have boeo stronpfly protested 
against by our leading architects and architectural assr<eiaticmB, we may 
hope that they vvjll not he {lersistetl in. 

EestoralioDS of a more legitimate character, however, are going 
on in the cathetlrala of Hereford, Lichfield, Durliam, Llaudaff, 
Worcester, and ehsewhere, while improvements at Ripoii aud St. 
David's are in contemplation. What has been done at Bristol is 
not, we hear, altogether satisfaotciry. Chichester is about to rise, 
phceuix-like, from ib» ruins, and on its former mode!, — an extreme 
case of architectural re*torutinn, if the word may be allowed. 

"Hotel architecture," now so prominent a feature in our leading 
streets, and at our railway stations, ia amply discussed, and an 
excellent engraving is given of the largest, and jwrhaps the most 
noteworthy, viz., the tirosvenor Hotel, Pimlico. Allusion is 
made to others at London-bridge, Piccadilly, aud in v&iioua parts 
of the country. 

On the whole, thia lengthy article is well compiled and illas- 
trated; and, in spite of a few errors which a pmfesaional eye will 
readily detect, may be accepte<l aa an honest aud impartial expo- 
nent of the subject ou which it treats. 



The Cathrdrah 0/ the United Kingdom; and The Mitiaters and 
Ahbiy Ruins of the United Kingdom. By M.vcKENZiB E, V, 
Walcott, ^LA. London: Stanford, Charing-cross. 
The iuformntiou placed now-a-days within reach of the tourist 
and other re.iders interested in our tof>figraphical history and 
antiquities, through the medium of guide books and similar pub- 
lications, is something approaching to the illimiU'ible. To tl)e 
stores of this kind Mr. Walcott is a large and industrious contri- 
butor. If he were the producer of no other than the two works 
before us, they alone would entitle him to the fullest ackuow- 
lediremeut iu this respect. It is to be regretted however, that, 
writing hurriedly from excess) of woik, he is not, occasionally, 
quite so correct au authority on some matters aa might be desired, 
or as upon most he must be allowe<l geuendly to be. Thia is par- 
ticularly apparent in the case of the first work we have named, 
luaccuracies have here crept in, which doubtless owe their origia 
in a princifKil degree to a hasty throwing together of the matter 
cidlected ami referred to. This especially applies to the henildic de- 
scriptions. There are discrepancies and a confusion here in several 
instances. It is not always clear whether Mr. Walcott intends to 
give the arms aa those of the deanery or the see, neither are they 
alw.iya in either case correctly blazoned. For instance, the arms 
given by Mr. Walcot U) Bangor Catliedral are those appropriated 
by Berry and Rlmonson, and also to the deanery ; while iliose given 
by him to Bristol are the arms of the see, according to the samo 
authority. For Canterbury, Mr. Walcott gives also the arms of 
the deanery, which are the same as the ancient priory, though it 
would appear as if he meant to describe those of the archiepiscopal 
see, since in n-jlicing those of the archbishopric of Armagh, he 
3.'vy3 *' arms the sjuue as Canterbury." As respects York it would 
seem, though he diflers in the blazon from E<lmousoD, that he iu- 
teiids again those of the deanery, for Willement gives as the arms 
of the present see, Gules, two key.i in saltier, and a royal crown 
in chief, Or; the old archie[iiscopal arms being the same .is Can- 
terbury and anciently of the other .archbishoprics. For Chester the 
arms of the see are, ou the contniry, apparently introduced — for 
Berry say.s there are no arms fur the deanery, though incorrectly 
given nccordinL* to Itldmouson and Heylyn, who both give, Gulea, 
three mitres labelled. Or; instead of Azure, three mitres, Argent. 
For Gloucester, the arms given du not af>pc.ir to be either those of 
the see or the deanery, since for the former Heylyn gives, Azure, 
two keys iu saltier pateo fitchee, and Berry for the latter. Azure, 
ou a fess, Ur, three crosses of the first on a quarter of the 
secoud, the sun appearing in chief, euviruued with a demicircle 
wavy, Gules; on exich side of the quarter a demi tleur-di-lis, con- 
joined to the side of the first, and as will be here seen a wholly 
ditferent bearing. For Hereford, Or, five chevroueU Azui-e, .are 
giveu both by Berry and Edmonson .is the arms of the deanery 
and the former, with Heylyn, gives for the see, G ulei^threa leo^jMdaJ 
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heads reversed swallowing as many fleurs-de-lis, Or, both difTering 
altogether from Mr. Walcott. Again, for Worcester, Mr. Waloott 

S'lves, Argent, ten torteauxca, 3.3.2. and 1 ; on a caaton, Azure, the 
leased v irgin and Holy Child, sceptred and mitred, Or. In this, 
as M-ill boseen. the disposed numbers only make nine. For the 
deanery, which appears to be intended from the canton and 
charge thereon, the number should be twelve torteauxea, 3.3.3.2 
and 1, and for the see, Argent, ten torteauxea 4.3.2. and 1. There 
are numerous other disagreements and parallel errors to this 
which it would have been better should have been ft\'X)ided — and 
for the general reader it would certainly have been far more con- 
venient that the plau which appears to have been adopted in the 
case of the Irish cathedrals, of giving the arms of the sees, 
should have been followed throughout, or at all events, that 
where this was departed from and those of the deanery intended, 
such should have been made clear. Want of space compels ua to 
defer our concluding remarks on this, and notice of the aecoud- 
aamed work, till next mouth. 



TROTMAN'S STEERING GEAR 
The serious diaid vantage attendant on steering by manual 
lab<,)Ur, eveu with the most ])erfect mechanical aids, is fully ex- 
hibited in vessels of large size, which has led to the suggestion of 
the application of steam to this purpose. Our improved naval 
tactics demand a mure improved system of steering. A Teasel 
should possess the power to 8t«am backwards at the same rate, and 
with the same facility, as forwards; but that it is not sounder 
the ordinarj' syKteui of steering may be seen on our own small 
river boats, a second hand at the wheel being always required 
when any rnpid movement is made astern involving a deviation 
from the straight coiu-ae. 




A~ Steam Cvlindcr. 

B — Piiil.111. 

C — Connecting Ro<J. 

T> — Uy<h"ftulii; Cylinder. 

E— PisUai. 

F — Connecting Rod. 

GO -Crrw^he*.!. 

HH — Sptinj^'iireak set in Cro«- 

heail. 
1— I>!vt'r .tU.vliml to BuJ.Icrnlwft. 
K—lluddcr-ituiit, 



L— Friction Roller. 

M— Iniet U> Steam Cheit from 
Boiler. 

N — Exliaimt to Steam Cylinder. 

O — Slide-valve to tiitto. 

P— Valvo Gear. 

Q— Cog-wheel turned by the Steer- 
ing-wheel. 

R — Drmbleneftted Rreak-valve to 
Hv'<ir*iilic Cylinder. 

S— VaJvM Gear to tiitto. 



In storms, the case of men being thrown overboani, and Die 
helm becoming unmanageable for want of due power to coutrol 
it, is not of uncommon occurrence. The duties of the steersman, 
particularly in large ships, should be more analogous to those of 
the engineer, in not having to perform manual labour, but to 
direct the vessel in her course. 

The inventor had the benefit of the experience of the late 
Capt, Harrison, of the Great Eastern steamship, and of Mr. 

Fio. 2. Fio. 3. 





McLennan, her ehiei .....j...;-, in aacertaiuiug the requirements 
of the case, and the objections geiienUly to uuiidiiuery as an auxili- 
ary in the bauds of the steersmau. The following are some of 
the requirements, and the mode in wliicb they have been sup- 
plied, as stated by the inventor: — 

1st. A atorm-wave striking the rudder while held by rigid 
machinery would inevitably carry it away. This danger is pro- 
vided against by the spring break IIH, Fig. 1. 

2nd. It is necessary thnt the steeramtku should deliver the rud- 
der over to its own free action at proper intervaLs. This ia 
secured by the arrangement iiroposed, as whea the valves are by 
the will of the pilot plaoed as in Fig. i, the rudder ia perfectly 
free to follow iu the wake of the vessel. 

3rd. The wheel has so long been the instrument in the hands 
of the pilot, that any system of levera (howevor effectual iu regu- 
lating or controlling a power) would be rejected by pilots gene- 
rally. This inveutiuu constitutes the wheel an integral part of 
the appai-alus; so that the etfect at present produced by manual 
labour can be secured by exactly the same movement on the part 
of the helmsman, with the absence of the labour now required. 

4th. In steering a vessel (the steam not beiug up) the arrange- 
ment of this apparatus is such, that the ordinary system of hand- 
steering can be made available instantly by ungearing the steam 
apparatus and gearing the other. 

The Spring Break. — The rudder-shaft ia shown iu transverse 
section at K, and has attached to it, at right-angles, the lever I. 
The rudder-shaft pusses through and freely works iu the cross- 
bead GG; but is kept in a proper position by two powerful springs 
IIH (dxed to the cross-head GG) acting on the lever I. In what- 
ever direction, therefore, the cross-head moves, the rudder-shaft 
must move with it, on account of the lever I being retauicd be- 
Iweeu the two springs. The exceptional case, however, occurs 
when the cross-head is held rigidly by the cylinder, and the rud- 
der is acted ou by some undue force. Under such circumstances, 
the cross head remaining stationary, the springs yield to the lever 
I, and all return to their original position, when the undue pres- 
sure is removed. 

Thu Steam Cylinder. — The steam from the vessera boilers is 
the power employed to give motion to the rudder. The steam ia 
admitted somewhat in the s.iuie manner as in the ordinary steam- 
oyliuder, being iuti-oduced to the top or bottom, or entirely ex- 
cluded at will, by means of a peculiar arrangement of the slide or 
D valve. 
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7%« Hydrautie Break. — ^Thia breiik conaiats of a cylinder and 
piston, supplied with a valve which opens or closer the thorough- 
mn from the top to the bottom of the cylinder. Thia cylinder 
batog filled with water, the piston is only movable at the speed 
•D«l to the extent permitted by the aperture made by opening the 
Tklre, allowing the water to circulate from top to bottom of the 
cylinder, or vice versd. It will thus be seen tbat the two cylin- 
derst, being coupled by the cross-head, act one upon the other — 
the one finding the power, and the other regulating it The posi- 
tions of the vjuvBa in Figs. 1, 2, and 3, show the followiug course 
of action. Fig. 1: break valve open, steam shut off from boiler, 
rudder free. Fig. 2 shows the second position of the valves; the 
break valve is shot preparatory to the admission of the steam; 
uid the still further movement of the valves shown iu Fig. 3 
admitB the steam and opens the break valve to snob distauce as 
may be required; the reversion of the whe«l at once shuts off the 
steuD, clones the break, and frees the rudder, a? iu Fig. 1. The 
movement of the wheel in the opposite direction gives the re- 
Terae action to the machinery, as also to the in Ider, 

The inventor is Mr. Sanders Trotmau, of Albert-street, Cam- 
den-town, London. 



THE NEW STATION AT DOVER FOR THE LONDON, 

CHATHAM, AND DOVER RAILWAY. 

{With an Engraving.) 

Tbb aoeompuiying perspective view represents th« New 
Station at Dover, now erecting for the London, Chatham, niid 
Dover Railway Company, whose engineer, Mr. Joseph Tubitt, 
has availed himself of the architectural assistance and pateutecl 
mode of construction of Mr. John Taylor, jun., architect, of Par- 
liament-street, Ijondon: Mr.T. B. Crampton being the contractor. 
Tbe general effect is that of great breaulth and solidity; the 
Patent Facing Blocks being 14 inclies by 6 inches, of a white 
brick or teri-a-cotta material, forming what may not inaptly be 
termed brick masonry. Colour is introduced by horizontal yel- 
low Innda and moulded brown stoneware drip bands, producing 
A novel and quaint effect, and affording, as may be seen by the 
diagrams, a most important protection. But it is the constructive 
«na weather-nssisting qualities which appear especially worthy of 
Attention. It is well known that damp brick walls are caused by 
r«ason of the through mortar joints, and the absorbent nature of 
the bricks; but here we fmd, as will be seen in the diagrams given, 
tbe through joints intercepted. A complete change of material 
between tbe exterior and interior of the wall, and a continuous 
cavity or dry area immt^diately behind the external surface, ren- 
dering the wall warm, in winter, an<l cool in summer. In good 
brickwork of the ordinary construction, great attention is paid to 
horizontal bond, but vertical bond seems scarcely to be thought 
of, and therefore we find walla strong enough for the required 
weight, but not stiff enough, hence the necessity for increased 
thickneu. It will be seen that the courses; of brick that bear 
opon the flange of the facing block cause it to act as a piece of 
angle-iron to the course of bricks above. The bond is alternate 
header and stretcher, or old English, and iu combination with the 
dry area, produces the stiffest and lightest walla of the minimum 
thickness, giving economy in material anddccreased requirements 
in the neoesaary fotuidatious. The construction being thus far 
impervious to external daiup, it only rcuiains to prevent it rising 
up the waUs by capillary attraction. This is done by the brown 
stone-ware damp-proof course, which conjbines in itself the 
advantages effected by the three following materials, viz., a three 
inch York slab to bed the foundations; a course of asphalto or 
■latea in cement to suppress thu damp: continuous gratings for 
the admission of air beneath the ground floor. A reference to the 
diagrams will show that it has perfonitions not only in itself, but 
through its joints, thus effectually cutting off all communication 
with the damp below. So complete is this, that a person standing 
on one side of the building and looking through the perforations 
may everk'where see what is passing on the other side. It has 
bveii proved to bear uninjureid a weight of six hundred feet of 
TWlicai brickwork. On a future occasion we propose to give 
farther iUustrattona of thene important improvements in con- 
■iRKStioii, as now extensively applied with good results, in the 
WMtion of ohurcbes, villas, and labourers' cottages. 



JSCyrES OF THE IdONTH. 

Modelling Class at the Architectural Association. — In the course 
of last year's session of the Architectural Association, some of the 
members formed themselves into a class for the study and prac- 
tice of architectural modelling, as we informed our readers at the 
time. This class has lately recommenced its meetings, with 
greatly improved prospects, and now assembles at the rooms of 
the Architectural Association, 9, Conduit-street, Regent-street, 
every Friday evening. Tbe object is an atlmirable one, and hais 
received the warm support of various friends of the association 
and of architecture; and a very large number of the members, 
including almost all the office bearers and members of the com- 
mittee, have joined tbe clusa. Mr. A. W. Blomfield, M.A-, 
S resident of the society, has been appointed president; and Mr. 
OSS is the instructor. This class offers an admirable opportunity 
for members of the architectural profession to acquire a know- 
ledge of a very useful part of their calling, and one that is but 
seldom followed. 

The Proposed Nem Bridge at Black/riars.^—The report made 
to the court of common council from the Bridge House Estates 
Committee, relative to the construction of a new bridge at Black- 
friars, was printed on the iiHih ult, for the use of the members of 
the common council. The bridge selected is the design of Mr. 
Page, and for grandeur of style and beauty will be worthy of the 
great city whose stream it is to span; the sinifdicity of its design 
13 only equalled by its massive proportions. Provision is promised 
to be made for the tratlic during the building operations, which 
are to be completed in two and a half years from the commence- 
ment, without even the erection of a temporary bridge, as has been 
the case at Westminster. The appendix to the report contains 
copies of the observations made by the engineera who have sent 
in designs^ affording a large amount of useful and valuable infor- 
mation on the subject. VVe have already given in this Journal a 
detailed description of Mr. Page's design. 

The Cathedral vf St. Stephen, Vienna. — During the repairs and 
restoration of the cathedr.il of St Stephen, at Vienna, important 
tracings of gilding and fresco painting have been found on the 
vaulting of the nave and choir; with which the entire building was 
once covered in the interior; but subsequently daubed over by a 
coating of grey wash. The three large windows which the muni> 
cipality furnish will be ready immediately. 

Sydney Hotints of Parliament Competition^ — Twenty-one designs 
were tendered in this corapetitiom, as our readers have already 
been informed. Tlie commissioners iijipointed to decide on the 
awards selected six designs as being the most eligible, and directed 
the colonial architect to report upon the plans. Since he did so 
the commissioners have had one meeting; and the next mail for 
England will probably bring the names of the aucceaaful com- 
petitors. The following are the mottoes of the six designs 
selected as the most eligible: — "Palladio," "Hora e Sempre," 
•I bide," " Fide et Virtute,' " FoUowerof Wren," and "Sicfortia 
Etruri crevit" 

The Cathedral of Worms, — The committee for the restoration 
of the cathedral at Worms have, according to their published 
accounts, spent, in the preceding twelve mouths, 12,964 guilden; 
and have, with this sum, entirely rep-aired the ejistern cupola, 
which was much diLipidated. The interior of the middle nave 
has bad its roof well underpinned, and the entire roof has been 
gone over, and wherever needed put into substantial repair. 

New Iron Bridge, at Nurl/tendeu, Cheshire. — The ferry-boat tu 
use on the Mersey at Northenden is now superseded by a lattice 
girder foot-bridge, erected at the exf^enso of Mr. Tatton, of 
Withenahaw Hall. This sti'uctui-e cousiats of two wrou:ght-iron 
lattice girders spanning the river, which is 83 feet wide at this 
point The ginlers are of ornamental design, B8 feet long, 6 feet 
deep in tbe centre, and 2 f U C iu. at the ends, and are placed U feet 
apart: the footway being composed of cross timbers and planking. 
Each end of the bridge is supported by a cluster of four pile 
columns, 8 inches diameter, driven 15 feet into the earth. The 
upper parts of the girders are connected in two places by cast- 
iron arches. At one of these arches there is an iron lattice gate. 
The footpath is carried from the ends of the girders to the top of 
the banks by iron beams and planks, and there are omamental 
iron railings at the sides. 'The whole has been designed, cott- 
Blrueted, and erected by Messrs, Edward T. Belibouee & Co., of 
Manchester. 
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CLASSIFIED LIST OP PATENTS SEALED EN" DEC. 186L IMS Bonald, J.— M»nnfi»chiwofoord,line, «ndothero(»di«e-M»y«0 



Dwrinrf the year 1862 a clauified analytit mil be rriven in this Jortmal 
of the Patentt proritionally upecified ami sealed under the authority of 
H. M. Commiiiaionen of Patents* 

1888 Arbncklo, O. V. B.— Annoar coating for ahips, fortiflcatlons, &c— Jnne 8, 1861 
1108 Bnutm, J. A. V.— Ordnance, and barrel* of fire-arms— June 4 
Maoceaax, F. J. — Breecb-loadiog arms and pmjectiles— Jnoe fi 
1641 Page, T.— Working and diMbaigiug ordnance under water-June 16 
18TS Bonnie, 3. F. — Coniitniction and eqQipmont of battarie«— July 26 
1463 I«Dca«ter, C. W.— Sheathing for vessels— June 1 
1621 Clark, W.— Propelling Tesaels-Jnne 25 
1811 Johnson, 3. H.— Ca;ntans and windUases (com.; — July 18 
158T Walker, R.i— Propelling Tes»el»— June 18 
1614 Moor, B.— Constructing and propelling vessels— June 24 

1442 Harlow, R.— Fire-bridges and tubes of Hteam boilers— June 7 

14SS CUanlon, P.— Marine and land steam boilers— June 8 

1472 Armstrong, R. — Marine steam boilers— June 10 

2664 Johnson, J. H.— Preventing encrustation of boilers (com.)— October 23 

1450 Iieopard, W.— Railway brakes—June 7 
2671 Dixon, J., and Clayton, R. Railway wheels Octolwr 16 
1466 Rymer, J.— Permanent way of rnilways— June 8 
1679 Boosfield, 6. T.— Brakes for railway cars— June 19 
1767 Adams, W. B.— Locomotives and trains— July 13 
1657 Lane, M.— Permanent way of railways— June 28 

1S99 Thomas, D. W. — Centrifugal machines (com.) — June 4 

1499 Walker, W. H.— Floating hydraulic lift— June 12 

1688 Mennons, M. A. F.— Caloric engines (c«m.)^une 26 

1565 Miller, J.— Rotary engines— June 18 

1648 McN'anght, W. — Frame« for diagonal steam engines — June 27 

1698 Spenc.-r, J. F. — Steam engines — July 8 

1601 Hobson, W.— Steam hammer— June SI 
18D2 Hobson, W.— Steam pistons— Jane 21 

1684 Kennardy H. J.— Excavating sand and gravel under water— June 16 
1885 Clark, W.— Excavating machinery (com.)— June 29 

1488 Stevens, €.— Cnishing and pulveriitng machine (com.)— Jane 11 
1625 Stevens, C. — Brick-making machine (com.)— June 26 

1402 Hancock, J. L.— Agricultural implements, &c.; and 

Hancock, V. L — Condensing engina-t— June 4 
1409 Williams, J. A. — Steam agricultural implements— June 4 
1521 Orezory, F. — Uay and chaff-cutting machines— June 13 
1516 Bayliss, W. — Chain harrows— June IS 
1528 Wedlake, T. W.— Hay-making machines— June 14 
1IW7 Bragg, J. — Reaping and mowing machines. — June 29 

1588 Leach, O.— Agricultural implements and steam-boilers— June 14 
2617 Cambridge, W. C— Harrows— October 19 

1786 Priest, A., and Woolnongh, W.— Machinery for drilling and hoeing— July 9 
1628 Fbwler, J., inn. — Steam-ploughing machines— June 2S 
1869 Redge, W. K— Drying and cleansing grain (com.)— June 20 
1662 Gibson, A. W.— Barley and rice mills— June 18 

1897 Prince, A.— Manufacture of gas (com.'— June 4 

S604 Evans, F. J.— Oenerating gas— October 7 

16il9 Livesey, W.— Wet gas meters. — June 21) 

1458 Clarke, J. F.— Apparatus for regulating the supply of fluids— June 7 

1762 Macbwitz, .— j'aps, or stop-cocks — July 18 

16ti8 Summerscales, J.— Oas singeing apparatus— June 14 
1681 Harris, W. J.— D.y gas metres (com.)— June 19 

1640 Cowan, J. — Rebuming animal charcoal — June 36 
1C46 Smart, J. C, and Aitchinon, A.— Manufactnrf of charcoal— Jnne 27 
1686 Clark, W.— Distillation of combust ble matters (com.)— June 29 
2202 Bodmar, L. R. — Distilling apparatus (com.) — Scpteuil>er 4 

1608 Calland, J. A. - Electrical piles June 12 

1612 Jobson, R.— Supports for t«legraph wires— June 12 

1800 Brook, Sir W.-lnsulatinc teU'grai* wires -July 17 

1589 Potts, F.— Supports for telegraph wire— June 15 

189i Hargreavea, S., Holdcn, R., and Holt H.— Apparatus for slxing warps or yams- 
June 4 
2867 Tongue, —.— Dressing fibrous materials — September 21 

1403 Holdswoitb, J. U. - Machinery fur fiuishing piece goods -June 4 
14S7 Hamilton, T. and Hamilton J.— dip tul)e.4-June 6 

1447 Wood, W.— Improvement in weaving-luoms— June 7 

1677 Faignon, J. P. K., Vandaux, J. M., and Gaguiere, G.— Pattern cards for Jac- 

quard machine— July 2 
1806 Elliott, A. — IniprovementB in looms- Jnly IS 

1468 Wornall, J. M -Dressing surficfs of cut pile and looi>ed &brics— June 8 
1531 Langlade, P.— Taupstrj- and other u-eaviDgs -June 14 
1804 Tawell, S. - An additinn to selvages of woven fabrics -July 18 
1477 Mason M. - Flyers and spindles June 10 
1520 Illingworth .f. — Apparatus for sizing houses, &c.— June 13 
H95 Smith, R. W.— Sl.inufactnring looped fabrics— June 11 
1506 Mason, H.- Spiuuiiig machinery- June 12 
1523 Cook, S., and Hacking, W. H. - Phiitiug or folding woven fsbrics-Jnoe 13 

1685 Pitfield, R. W. - Self-acting mulos - June 16 

1778 Topham, A. J. and J —Manufacture of lace— July 16 

1918 Wi-ight J. — Machinery for carding cotton (com.) —August 3 

1656 Tiflfcr, F.-Carding cotton-June 18 

15ii8 Dunn, J.— Spinning machinery— June 18 

1.1 ;8 Webb, T., and Craig J. -Ditto ditto 

2204 Bayley, J. K.— Spinning machinery- September 6 

li;37 Higgins, J.— Ditto ditto -June 26 

1<>09 Onuerod, R.-- Fancy ribbons— Juno 22 

1547 Melliiwd.'W, T. -Dyeing velvet and other fabrics- June 17 

lS!>d Uunling T. R. - Carding machines-- June 21 

I'ilS Kcrralxie, J.— Twilliijg mncliino -June 24 

* Arrangements are pending by' which increaM>d •facilities, in connection with the 
maungement of this Journal, will be ulforded to luv^tom fur securing valid Patcuti. 



1807 Watt, J.-Pniping vegetable flbie»-June 12 

I82S Henry, M. — Improvements in paper pulp (com.) — July 19 

1604 Le Harivel, A. L.— Papier mAche— June 22 

1418 Nlckols, D. — Paper cutting machinery— June 6 

1674 Spenee, L. H.— Paper bags and envelopes (com.)— July 1 

1643 Gray, T.— Bleiching rags and fibre— ^rune 17 

1548 Routledge, T.— Manufacture of paper— June 17 

1420 Coles, H. T. — Locks, bolts, claws, and grapplers — June 6 
1456 Whines, J. — Spring boxes and hinges—June 8 

1672 Potts F., and Cox, R— Machine for cutting and plerdng iron— July 1 

1549 Clark, W.— Mica letters (com.)— June 17 

1421 Salt, J. C. B.— Plates or surfaces for names or devices— July 11 
1610 Napier, J.— Stereotyping— June 12 

1590 Lesueur, A. N. — Panels of ceramic ware — June 20 

1619 Lafon, J. — Chromolith impressions on glass or pottery— Jose 35 

1524 Blaekbam, B, — Lubricating axle-trees— June 18 
1421 3tirimonde, L. J. P. — Lubricating axle-boxes— June 8 
1542 Simpson, H. C. — New vehicle or car— June 17 

1511 Walmsley, D., mud Roitron, J.— Hoists for mills and warehoues-^nne It 

1482 Hawdon.M.— Moulds for casting metals— June 10 
1716 Josling, T. T. — Bolts, rivets, and screw blanks — .Tune 18 

• 
1718 Wilson, T —Spanners and screw wrenches — July 6 
1407 Standfast, S.— Substitute for brick and stone— June 4 
1884 Amos, C. E.— Machinery for dressing slat*— July 27 
1663 Graham, J. W. — Machinery for shaping and dresdng stone — June 28 
1546 Lewis, J.— Machinery for cutting and miring wood, &&— June 17 
1523 Duncombe, Hon. C— Machinery for sawing wood, &c.— June 13 

1714 Roughton, L.— Apparatus for extinguishing fires -July 5 

1545 ' htte, D. B. Gauges for indicating depth and height of Uqoida— June 17 

1670 DiugwiUl, W.— Fluid meters-July 1 

1616 Howson, R.— Barometers— June 24 

1570 Dixou, J.- Water-ckisets aad cocks— June 18 

1645 Hamer, H.— Chimney tops-June 27 

1604 DuiTBut, J.— Chimney tops— June 12 

1688 Stevens, C. — Smoke-consumiug furnaces (com.)— Jane SO 

1592 Hodgson, C— Fuel from peat- June 20 

1503 Hodgson, C— Drying peat in the bog - June 20 
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McArdle, J. S. -Product from seaweed— June 22 

Schwat-tz, J.— Manufacture of sugar— October 9 

Croll, A. A. - Manufacture of sulphate of alumina — June 7 

Kemott, C. N.. and Rucker, M. D.— Manufacture of anunouiacal lalta— Octobar 11 

Bennett, F. Manufacture of spelter October 29 

Bi'owu, A.— Obtaining frciih water at sea- June 10 

Johnwn, J. H.— Bottling erated liquids (com.)— July 1 

Hughes, £. T. — Extracting oil from seeds- June 11 

Williams, J. F.— Compounds of india-rubber, gutta percha, and other sabstances 

—June 19 
Obislin, F. Q.— Compounds of India-rubber and certain vegetable snbstanoM— 

October 4 
HensuQ, W. F. — Floor cloth manufacture— June 21 
Calcott, W. - Apparatus for scenic effects- October 7 
Floyd, W. R.— Fastening orsupporting knapsacks or packs— Jane4 
Swan, C. -Travelling bag- June 18 
Clark, W. -Umbrellas and parasols (com.)— June 19 
Lion, A . -Fastening for bracelets — June 26 
Dance, E.— Crinoline fastener— June 24 
Stevens, C— Varnish for leather (com.)— June 11 
Middletuu, 8., and Wright J. — Mannbctare of boots and shoes— Jane >8 
Uannart, L.— Manufacture of gloves— June 20 
Cottrill, J. - Manufacture of needles— September 24 
Johnson, J. H. — Manufacture of cigars (com.)— September 9 
Stevens, C. NoH-baud for stopping runaway horses (cum.)— June 26 
Tusxaud, J. R - Stuffing birds and animals June 26 
Wood, A. — Refrigerating storehouses— July 31 
Coinrie, J.- Obums - June 22 
Martin J. - Ironing stove — June 8 
Langd.-Je, J. — Vashing machine -June 10 
Perry, J.— k ashing machine - June 17 
Archer, J. Weighing machines November 4 
Downing, T. vv . -. Corks and bungs -June 13 
Bouse, H. J.— Hand lamps— June 28 
Dyer, J. -Ornamentation of cabinet fbmiture— June 29 
I.awford, H. - Folding-chairs and beds- June 20 
Hutson, J. — Improvements in bedsteads and furniture— July 6 
DttUiicey, — . — Feeding ap|>anitus for infants and invalids- June 12 
MarchaJl, J. — Acoustic instruments -Oct<»bor 19 
Cole, J., and Cole, J. — Construction of watches— July 20 " 

Smith, T. J. — rhotognii)bic albums— July 12 
Church, J.— Rest for pLiuofurtes - June 22 
BriioMi.in, R. A.— Manufacture of pianofortes (com.)— June 20 
Telford, R - Casters for furniture— August 22 
Biug, E.— Sliding window sashes— June 13 



TO CORRESPONDENTS. 

H. D. D. We know of no piles of any great length driven at an angle greater 
than 10 or IS degrees from the perpendicular. A ram sliding down the byimtbeuuse 
delivers a blow of as much force as the same ram (ailing through the perpendicular, 
exrept the friction ; the friction in lifting the rnm perjwndicularly is nothing, while the 
friction of the ram moving up and down the guides on an inclined plane is consider- 
able ; one-third the power with the best arrangement would be lost, to sav nothing 
about steadving the pile in a slanting position to receive the blow. If H. D. D. will 
give us the diniensions of the pile, sfiecify the nature of the soil, and say what ma- 
chinery be iuteuds to employ, we will enter into further particulars. 
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RECTORY PLACE CONGREGATIONAL CHAPEL, 

WOOLWICH. 

{With an Etigraving) 

The cbapel iUastnited ta the accompaaying engraving has 
laUly been erected at Woolwich for the Congregatioaal body, ard 
ia another example of recent eccIesLiatical structQres belonging 
to the DiasentiDg community which may be compared with the 
churches of the ^tablishment in architectural importjince. Tlio 
front portion of the building 19 the cha|>el for public worsliip, to 
kooommodate 830 persons, having three galleries. In the roar 
are the week-evening lecture-rootn for 230 persons (used also as 
the girls' school-room), the boys' school-room for 135, an iiifuut«' 
rtiom for 65, a superintendent's nxmi, a library or gentleman's 
committee-room 20 feet by 13 fe -t, a ladies' comraitiee-room IS 
feet by 13 feet; two vestries, boiler-room, Btt)re-room, and other 
necessary accommodation, all separated from the chnpel by a 
corridor 6 feet wide: the whole so arranged as to form a most 
oomplete building. It is designed from the Decorated period, and 
with its deeply reeewed entrance and porcheai, preaenta an im- 
posing appearance. The staircases to the galleries commence to 
rise out of these porches. The floor of the chapel is slightly 
raiaed as it recedes from the pulpit. The form is a parallelogram, 
with trasaepts 62 feet long in clear, 38 feet wide at the narrow 
part, and 47 feet in the transepts. Tlie roof is semi-open — 
■omewhat waggon-headed in form. The materials used are Kent- 
ish Bag in random courses, with Bath atone dressings; the walla 
internally are stucooed: the whole of the woodwork is stained 
and varnished. The coat of the whole has been about .flOOO, 
The structure is from the designs, and was carried out under the 
saperintendance of Messrs. Lauder and Bedells, architects, Great 
James^tieet, London. 
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THE OFFICLVL PROORAilME FOR THE DESIGN OP 
THE PARIS OPERA HOUSE. 
Tbb programme issued for the guidance of competitors in pre- 
paring aesigns for the second competition of the Paris Opera House 
M a document interesting both as an example of the detailed study 
wfiich the requirements of a great public building ought to re- 
oeiw, and also as embod^ng a most perspicuous and complete 
aooount of all the essentials of a metropolitan theatre. By the 
ooarte«y of M. Cesar Daly, the editor of the Revue de PArchitec- 
tmre et det Travaux Publict, we are enabled to lay before our 
readers a translation of this document 
Pbooeaxke 
Fbr the design of a new Opera House, as far as rej^ards the ad- 
ministration and carrying on of the business of the Theatre. 
1. The building intended for the Opera will include two main 
divisions: — 

(1) The House, with all the arrangements for the Emperor, 
■ad all the accessories appropriateil to the pui>lic. 

(2) The Theatre, including all relating to the working of the 
ats^ and oiaohiuery, the rooms for the performers, the " green 
rooms " and rooms for instruction and rehearsals, stores and work- 
•hopSk the library, the strong room, the offices, dwelling apart- 
Bwots, and generally all relating to the internal managemeat 

Firrt Diviikm. — Buildmgn appropriated to the Puhiic. 
%, AH the external arrangements must be calculated to facili- 
tate access to the Theatre, and prevent those nuisances which too 
firequently de61e the basements of great buildings, and, above all, 
tbe vicinity of theatres. 

3. The arcbitect must eudeavour to discover the most effectual 
mean» of successfully counteracting the unfortunate habits of the 
public in this respect. We ourselves consider that the only means 
of securing cleanliness, and diffusing at the same time life and 
light around the Opera House, which is only open thrice in the 
woek, from seven fi'clock till midnight, is to surround it with 
gailcrios occupied for commercial purposes, the rents of which 
would aloo furnish a valuable contribution towards the expense of 
maoagement, and consequently to the prosperity of the theatre^ 

4. Persons arriving in carriages muat be able to alight under 
cover, and sheltered from cold. For this purpose a portico must 
be arranged, the dimensions of which will |je so calculated that 
300 carriages may be able, within at most a quarter of an hour, 
to s«t down their occupants at the door of a vestibule, which 
ought to be closed and warmed in winter. 

a. Foot passengers, who form more than a third of the audience, 
ooght to have the means of comfortably reaching, and as far »8 
poaiible through covered galleries, this first vestibula, where will 



be the offices for the sate of tickets and boxes, both during the 
day and at the moment of entering the buihling. 

6. Such of the audience as have omitted to provide themselves 
with tickets beforehand, ought to await, in this vestibide, the 
opening of the doora, withuut impeding circulation. 

7. It is not absolutely necossary that the whole andience should 
pass one point and unuer the eye of one inspector. On tlte con- 
trary, there would be an advantage in multiplying the entrsucesr 
and possibly in appropriating some of them exclusively to aub- 
8cril>er8. But it must not be forgotten, that it is principally the 
subscribers who come in carriages, and that they occupy almost 
exclnaively the boxes of the tirat two tiers all round the house. 
Hence it follows, that if a private d<x)r for subscrib^re is con- 
trived, it ought to coromnnicntti with the most accessible part of 
the portion for carriages, and to lead directly to the grand stair- 
case ; for this staircase, as it ought probably not to be carried 
higher than the second tier, would become really nseiess if it 
were not appropriated to the subscribers who alone will oocapy 
the boxes to which it will give access. 

8. Adjoining the first vestibule ought to be provided : — (1) A 
guard-room for twenty to twenty-five infantry soldiers, with .% 
ptivate room for the officers in command. (2) A guard-room for 
ten cavalry soldiers, and a stable fur their horses. (3) A station 
for constables {sergen* de viUe\ ami an office for [>t>lice (about ten 
persons). (4) The dwelling of the custodian {eoncierge). (5) The 
bat and clcak room. 

SttireoMt, 

9. Tliree main staireasee are neoesaarv. (1} The principal stair- 
case, which, for reasons to be subsequently giveD,oug1it to go ashigli 
AS the second tier of boxes. (2) Two staircases, specialty designed 
to accommodate the upper tiers, but cafiahle or affording exits 
fi-ora all the stories of the house when the audience is dispersing. 

lU. These staircases mm»t be wide, interrupted by frequent 
landings ; and, according to our judgment, with atrai;L;ht rather 
thancurve<l dighu. Well-hole staircases, winding round a sqciare 
■pace, appear as if they ought to be preferred, as the most favour- 
able to the movements of a numerous aud dense crowd. 

11. Other aide-staircases will be formed between the boxes and 
the stalls. These staircases of iuternal communication, so to 
speak, though mainly intended to assist the intercourse of the 
frequenters of the opera between the acts, must at the same time 
aid in faciilitaliug the exit of the auilieuce after the represcataliou. 

12. Ijastlj', it IS importiuit that the staircises, their appro-ichea, 
and the passages whii^h adjoin thetii, should be so arranged that, 
without baiTiera and without solid obstructions, the course of 
their movemeuts should naturally set up between the different 
classes of spectators a separation corresponding with the various 
grades of seats. In this respect the features of the present house, 
though cramped, are felicitously arranged. 



VENTILATION OF DWELLINGS AND HOSPITALS. 

{Continued from page 6.) 

Haviko in our last given some general views as to the condition 
of air in an ordinary dwelling-room of an ordinary hou»e, we 
propose now to present some of the statements, relative to the 
same subject, of the Commission appointed to inquire into the 
warming and ventilation of dwellings. 

The Commissioners instituted a series of experiments, with a 
view to investigate the condition and the movements of air in 
a room as affected by an open fire. The simple ascent of the ex- 
pired products of respiration to the ceiling by their own heat must 
coincide with a powerful sort of circulation of air caused by 
the fire, and which, though ordinarily imperceptible, can be very 
clearly shown by the simple methods of supsending a very large 
number of light filnmeuts of silk in all parts of the room, or of 
filling the room with smoke or coloured vapour. 

The general result of the experiments instituted by the Com- 
mission upon thi.i subject may be stated to be as follows: — 

" The rusalt of these experiments is, that the whole air in a room is in 
rapid circulation while the fire in U(;ht<Kl. It circulate* leas rapidly when 
it in oxtiuguiHhed. so long d« any one part of the room w w&rnier than 
another. The cxperimeuta do but contmii sthat ikhjiiu t" full«w froui tlu? 
admitted facts, that worui air is li^httr than cold, and (>ccupiui a larger 
space; and they aeem to show that on open cbimooy with n fiiv Ii«;htod 
williierv<] to remove foul air frtiio dweUing-nMn», without any afMscial 
opening coamkunicating with the chinmry from the- uppur (lart of tbc 
room.' 

The account of the experiments themselves is interesting, and 
a portion of it is subjoined. 
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" ExpenmtMt uuutr ttt tif Board of BmbA lo OKfrtttin ttit movtmenU o/ 
air in a room inVA a fire lujhud in an opfn firt-plate (AmoU's), by 
J. F. Campbell, Esq 

1. A billnon tUled with a light gM wm weighUrd with niot ituck into 
n ]M*n ini«|«<fnde'J to it, till it was as newly u poaaible of toe saine specific 
i;Tavity m th? atiuMphere in the stUlesit part of the room. It wm found 
that the ballooo 8o biUanced, when piftced opposite to Mid near the fire, 
expanded, »*ceudeil, and moved steadily along the ouding, from the fire- 
plooi towvrilx one or other of the windows; it there descended to the floor, 
ftoil unless it init anchorwl to the carpet, it moved towaixU the fireplace 
*' ' ■ " ' !. It wan found that any pewon movinjf in the room 

" •'! of the balanced balloon, any draught fntm a door or 

^^ . . ^lii'r&light dL<turbingcaii8e, altered the diroctionin which 

the iuUl'jon mo vert, though the treuurol course woa u described. As the bal- 
loon wn8 moved by the air, it follows thftt a'ur near the fire, and acted on 
by it, ascendK its tliu bHlloou ascended. It is continually ascending, and 
w< it can neither e^ca^ie nor aocumolate at the ceiling, it mwtt flow from 
''' '''ro it aHcends; thftt is, from above the fireplace (owarda the 

^'' wallx. wlierc- it coutrauts and beoomea heavier, falls by its 

.iri'l io forced dowuwanln by fraib qaaaUfeies of heated air 

expaiiilinK and following in the same track. In like maimer, because air 
iivniiiit aucutaulate on the floor, the descending current* at the windowi, 
anil those oritfinating there from the coldneaa of the gUsa, must g^re rise to 
utinvtit.1 moWns townnls the fireplace near the floor, in ^ direction 
Vi ' ' ' hiiUoiin actually move<l; andfurther. nny person in the room 

II ij'ivementa in the air such a« were ahown by the moveqjentB 
n: „,. ..;.; ..II. If, then, the air of a room be circulating thus rapitlly, 
foul air cannot accumulate' in any gri"it exce« at any part of it; but oo 
the Contrury, different quolitiea of air must be BjMjedily mixed. 

2. To show moru clearly what the balloon had incUoated, n number of 
filauient« of floas silk I about six inches' long, teased out, and made very 
fine: I were fastened on the ceiling with wafers. A namber of similar vanea 
wriv itttiched to [teuii, and these were fastened to a pole reaching from 
th«: floor to the ceiling, and others were fastene<l to the nmntlepieoe. 
Where tht air was atagnaat, the free ends of the vanes pointed steadily to 
the floor. Where it was des«en<liiig, thoy pointed downwards and moved 
aloitl; where the air woe moving horizontally, the silk was bent in the 
Mkme direction. Where the current was more or less strong, the silk was 
more or less bent, and showed the oomparative strength of the moving 
pnwvr at different points. Whero th<3 air wag ascending, the vanes 
pointed upwards. It l>c-cameat once evident that the air was rising at the 
manilcpiece, and flowing rapidU' alon'r the ceiling, in lines nidiatiiig 
from ft point above the lire, as nhown on the Plan No. 1, and that the venti- 
l%t<>r Was nut drawing air from the ceiling so as to interfere with the direc- 
tion of vanes fastened clo«e to and above it, which pointed directly away 
from it. By uiovint^ the pole to different ptwitioos across the room, the 
dIr<!ction of the currents, as shown by the silk vanes, wm found to ooiaoide 
with that indicated by the balloon." 

NotwithstAuding the apparent interference witli the action of 
the veuiilatiug exit liete itulicited, the introduction of such an 
exit iu ail cmp.s is i-ecommeuiled by the Coramisaioa, and in new 
buildings it, is recommended that the opening shall not lead 
directly into the cliinuiev flue, but into an adjoiuing foul-air flue, 
the !tir in which will he i-areli'.'d by the heat imparted to it by the 
Dei;;;hboui'kood of the smoke flne and its warm contents. 

The mode of air-supply which is indicated by the Conimia- 
sionera )« seeimnp to them best suited to meet the re(]uirementa 
of ortiinary dwelling house; appeal's to us, notwithstauding the 
great scientific emitieuce of the proposers, lo be open tn iiuestlon. 
It is fonuded upon a plau su^gMsttil hy the late Prof. Hoaking, 
And has fur its object the furnishing from a single opening a sup- 
ply of air, of whiclt a portion shall at once enter the lire to sup- 
port combustion while the remainder shall be tkrown into the 
1*000. The Comuiissiouers remark — 

"In order to effect an agreeable and pleasant ventilation, and prevent 
currents of cold air rushing from the doors and windows in the direction 
of the fire, it is U\ be recommended that the supply of Atmofi])herio air 
for tlio »ii[>j)ort of combujition be provided from some indepemleut soorct-, 
such as an jiir chatiuel or tube under the floor in communication with the 
external air. The ventilation of the room would then be carried on by 
pnipT iippTtures, indtpwndeiitly of the supply of airto the fire. The com- 

III fore t*commend:— That the area of the supply-pipe or chan- 
ii than the area of the stnallest part of the chimikey-flue, in 
in vh'i I III', trmh air in excess of that required for combustion may be 
aiip[ilit-i1 iiito the riKim to the amount of 15 to 20 feet per minute for each 
oLcupiiiit, l>y whii:h arrangenient thu frwh air intn^iuced for the purposes 
of ventiLitiou may be warinod or tempi;red lieforo entering the a[>artment. 
Tljat tlw «upi)ly air-chaunel be provided with a closing apparatus. That 
for the ventilation of nxims, esil4 should be provided for the spent air 
near the ceiling, either by |><<rforations iu the cornice at different parts of 
the room, by a|>erturw made near the L-eiling, or by one Hiif&cient aper- 
ture leading infa) the chiiaiiey. 'with a rar'-'fier in case of neefl, to such 
cutbiit ad to reiiiovir fnui 15 U^ 20 cubic fet-t per minute for eaoh occupjint. 
llv thus |w«riiig int-) iho tcuMix a liurrent of geiitLy wanned air, and re- 
moving from it au eqiuil amount uf spent air, a mucli greater degree of 




ventilation could be home without discomfort, than if the air supply were 
derived frcim accidnutal sources; all whistling of windows, pressure upon 
doors, and cold draughts would be greatly checked, if nut quite pre- 
vented." 

The supply-pipe is elsewhere described as terminating in an 
opening in the hearth, «o that the air drawn from it into the fire 
shall enter the fire-njrale from below, while the air entering the 
room (supposing any to do so) would pass close lo the fire, and so 
be partially tempered, if not warmed. This plan does not aeem 
to havp been put to the teat of actual experiment ; and we are 
afraid that it might result in an action very much the reverse of 
healthy. Though the area of the air-channel supplying the fire- 
grate is proposed to be larger tlian that of the flue carrying off 
amoke, yet no means will iusnro that the air entering through the 
channel shall lie drawn along it at the same speed as that going 
up ihe flue. Probably the action of the two would differ very 
much, and the fire would absorb the whole of the ait* sent iu 
through the supply-pipe, discharging it all again into the flue at 
a higher velocity. If this wore the case the body of air in the 
room, even if set in motion by the lieat of the fire, would not 
undergo change, and the good and bad air would be mixed np 
together, and would cLiculate round and round, without getting 
removed and replacetl. On this account we believe that the plans 
which introduce external air at a point remote from the fire- 
place, or at least so far removed from it as to render it almost 
impossible for the fire to ahsorb the whole quantity th.at they 
furnish, afford a more reliable prospect of real renewal of the 
atmosphere of the room than does the scheme of the Commis- 
sioners. 

By far the larger portion of tlie Eeport from which we have 
now been quoting is devotee! to the subject of the warming of 
dwellings — a subject which we have not included in the heading 
of this series of papers. We do not propose to enter now upon 
the consideration of the various sorts of stoves and fire-grat«fl 
examined by the commission, or to reproduce their opinions, 
which are guardedly given, as lo their comparative merits, 
although to persons interested on the subject we can recommend 
this part of the lieport as interesting. We shall here, however, 
do no more than make two extracts bearing upon the question of 
heating : the first being the Commissioners' statement of deside- 
rata — 

"That the floor be at the hig-hest temperature in the room. That the 
walls be liigher, or as high in terapc^rature as the general temperature of 
the room. That the gfsueral biwly of the air in the room be of a genial 
and eijaable temptirature, at the same level, and gradually decreasing from 
below upwards to the oeiling. That the ceiling be at a t<«m|.ierature 
ditlbring very little from the stratum of air immediately l)eIow, and 
should be the lowest in the room. That the range of temperature 
during the twenty-four hours be small, so as to prevent the loss of heat 
ihirini; the first part of the day, by heating air at a much lower tempe- 
r;tture than is rtxjuired. That the water present in the air be such in 
aiuoimt that no undue checkin;^ or accelerating cvajKiration from the skin 
takes place. That all heated air which passes upwards should pass away. 
That fresh air be atlmitted to supply the place of tlie exhausted air. 
That there should be a freedom from sensible currents of air, and a free- 
dom from Btuokc. 

On the other hand, we may consider that the reverse of these conditions 
if injurious to the health and com^fort of the occupantB, viz. — That the 
gciii;ral body of the air be either at too high or too low a temperature. 
That either the fliior or walls he cold, with respect to the genenu tempe- 
rature of the room. That the ceilings be heated; unequal distribution of 
heat; bad ventilation; currents of air; presence of smoke. If there be 
a great departure fn'im the pn)pftr deCT«« of humidity at any temperat 
the air will be either too dry if at much less, or too damp if at 
raiire, for healthy and agretable retipirttti')n, and more particularly 
occupants who are in any way affected with pulmonary complaints.'' 

The second extract embodies recommendations deduced from 
an extended aeries of observations and experiments. 

"In regard &} firv-gratcsin g>.-iierHl, frjm the preceiling experiments, and 
from the information which li;ia been collected, the conmiissiun is prepared 
to rccomnifiid; — 

I. Tliti ub>' of reflecting surfaces to direct an increased amount of 
radiattil lieut into the room. 

'2. That th*j chiioney-flue should be of small dimensions, and not 
more than 9 inches in diameter at the widest part, to diminish the 
quautity of air escaping up the chimney, and reduce its tendency to 
Biuiike. 

3. That chimney-flues should not be situated in the outer walls of dwell- 
ing-liousfj. to become chilled by contact with the comparatively low tem- 
peratus-e of the estenial air. 

4. That tlie chimuey-fluc shouhl he provided with aclosing apparatus, 

5. Tlukt the aperture fur the tMa,[Hi of the amoke should be placed at 



4 



4 

i 
I 

4 




THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



U 



, to increase the intensitj of combustion and promote 
, . . .it. 

I „:.,.. ■., .^.mt^s nhiolj be in general luw. 

'iiivalwl ash-p.VH Iw employed to prevent 
rnoui. 
J tk<ii be <ifi a level \fith the door; thit u nutde 
•iU with i/'-«lie'(i fjrate. 

\>-:si Mtaulad wMch uiay be Been from 

L t>^' • iiL.nu.^i: ,.. nil- tiui't<)«a ahonld be exposed; this does 
T. i u> lukj dvrMpouding increue iu the depth ot the grate fruia 

' hone stovea be tuod that prevent the forrn&tion of amnko; the 
imioke K;iTi(^ R pr<Kif of imperfect combustion, and a rapre- 
" vd. 

; V re*3omtnend that the fire-^rato eliould be 

■ ■.I >mUi the view to it« effectincr a better ami mora 

> of fuel, and a more equable distribution of heat, 

' for the ventiUtion of roorn^. The commiaxion 

I- '>f opiuiou, that bo long a» ths fire-grate ia Rtudii^d with a 

I wofold application, it will not Buooeed well in the performance 

oi ciihi-T." 

TbU report concludea with a aaggeation for the improved con- 
Rtrn«tioa of new dwelHugs in the respect of flaea and air opeainga, 
worthj cIoAe examination by practical men. We cirnnot express 
onnelves as thoroughly aatisiied of ita feasibility in the exact form 
in wbicii it is reci>inmeaded by the commiasioa, althoufjh there 
can be uo doubt th it it coataius the elementii of a radical improve- 
ment in house buildiug. 

^- posed then that there shall be formed in such houses 

n i t of it, one c«[itral smoke-flue, that all the fireplaces on 

»it ...ir .,...j,a shall communicate with it through short channels, 
and that it itself shall be straight and of circular section; probably 
for an eigljt- roomed house, not requiring to be more than 10 inchen 
in dianteter, and of glazed tubular tile. Round this flue, up which 
it is CJUHidered products of combustion would be passing at all 
]>modaof the vear; an annular air-chamber is to bo formed, and 
optninga into tivis chambt^r are to be made at or near the celling of 
•aeh room. These opeuinga will serve to draw off the vitiated 
air out of the rooms us the neighbourhood of the current of 
hot air iu the smoke flue will maintain an ascending current in 
tlie air chamber. To supply the lire, spacious air ducts are to be 
i&trodncod, one under the tliK>rof each room, leading from the ex- 
ternal atmosphere to an opening in the hearth-stone. 

An illustrative section of a huusc arranged as here proposed ia 
Mubodie^l iu the report, and it would be satisfactory to know that 
the scheme had been actually tried. We aro not, however, aware of 
any instance where it is iu operation, though portions of it, such for 
intf-infc na thfl aunuUr chamber surrounding a smoke-flue, have 
t- for a considerable time, It is advised, we nuiy add, 

I' ->t heat by employing double windows, orat least double 

};' -3. This is a very prudent suggestion, and would at a 

v.: rnte cost, iucreaae the w.anath, and consequently the 

eomlurt uf dwelling houses, to a great extent. 
(7*0 6* eonllnuftl,) 



THE STRESSES ON THE VARIOUS PARTS OF A 
BOWSTRING CJIRDER. 

Wnrv the arch is such as to have the points where the trussing 

I with it arranged in a parabolic curve, then it will 
: :ite<l by a continuous uuiform loadiug. And under 

i'xi.ling there ia cou.sequently no stress on the diagonals; 
diui^, if on the choni or main tic, will be transferred in a 
luanner to the arch by the perpendicular piece-s, supposing 
to be capable of acting as ties, whether or not they ,ict as 
II tbe trussing. In calcnlatiug the strains to which the 
uls may be subjected, we have therefore to consider the 
■ f 'lie moving loud aloiio. 

_' the arcii to be as above ilesoribed, and that the truss- 

!'• up of eipiidistMut vertical pieces, and the quadri- 

openings supplied with iliagDual struts or ties, as in Fig. 2, 

!va this remarkable analogy (which was first mentioned 

by the writer in one of a series of papers supplied in May 1852, 

ti>t!:c Mf-ssrs. Fox, Ileuderson, an. I Co., giving instructions for 

I 'ulation of the stniins in various forms of bridges): — "The 

II m ntrena on the diagonait, whelhtr the*9 be utruts or tiet, are 

II to their Ifntjthx." So that we may, by calculating 
t I any on? dingoiml, at once arrive at a multiple or 
fc.w wiin.li will give us the atresse* on all the others, by multi- 



plying the calculated lengths by the former, or by direct measore- 
ment of the lengths with the latter. 

We purpose first to show the mode of arriving at the amounts 
of the stresses on tbe trussing, the lengths uf the parts, and tbe 
above important deduction ; and to conclude with some remarks 
on the strains in the uprights, the arch, and the chord. 

I..et N = the number of bays in the span S, and each bay = *; 
also let w represent the share of the movable loading due to each 
bay, or trussed point of the arch; D = height of curve of arch. 

I^iet ns first tike tbe case of the diagonals acting as ties, and 
the uprights as struts in the trussing. And to save undue length 
of explanation, we will assume a certain familiarity with the 
subject on the part of the reader. It is well known, then, that the 
maximum strains iu the various diagonals will be produced in suc- 
cession by tbe movable load gradually encroaching on the bridge in 
the manner of a long railway train, first from one extremity and 
then from the other; but it will be suflicient to conijider it as en- 
croaching in one direction only — viz., from pier P, Fig. 1, and this 
produces the maximum strains in all the diagonals shown in this 
figure; the effect of the load encroaching from pier Q on the 
other diagonals not shown in thi^ figure being merely a counter- 
part of the first. 

The points a, b, e, &c., being situated in a parabola, we can 
easily calculate the tangents of the iuclinations or angles which 
the various parts and lines make with the horizontal direction. 
And as the proportions which these tangents bear to one another 
are not affected by altering the relation of the depth 13 of the 
girder to its span S, we may insert them as we have done in Figs. 
1 and 2, iu whole numbers obtained by multiplying the true 

NS 
values by -jr ; let this = c. 

The gi-eateat stress on any diagonal snch as h^c, Fig. 1, is pro- 
duced by loading all the points a, 6, which lie between the pier 

P and the point above fry inclusive. Of the weight w at a, ^^ id 

must be transmitted to pier Q; and of tbe weight to at i, ^ tr 

must be transmitted to Q. Now bQ is tbe primitive line of pres- 
sure for the transmission of these portions of the weight to the 
pier Q, let bq be taken on this line to represent the resultant, which 

12 3 

must contain a vertical component =^ir-j-— w— ^w, say 

=:Q. The resultant AQ must be resolved into the directions of 
the arch and strut, that is into &r and bs\ draw qt horizontally, then 
bt — Q. Now bs represents the stress acting down the strut ti6„ 
and evidently al.to the vertical component of the maximum stress 
on the diagonal b^c, therefore 

Stress on b^c =bt.aec of bjCCi =6« — = (bt-^tt) — (I) 

It will be observed that 6« = bt+tn, ta becoming negatim for a 
point taken at or beyond the crown of the arch, as for point d in 
Fig. 1. 
hi :(»•,: tan of inclination of resultant : tan of inclination of arch, ,'. 

, tan of incli. of arch , .. . , . , . 

ta = bt T-: — -r. — -z 7-; substitutiDgthia value m equation 1 

tan of incli. of resuL " ^ 

and putting Q for bt, we have 

Stress on 6^c = Q -(1+. t^ t . - - A (2) 

'■ <x^\ tan of inch, of resul./ 

Now, to render this general for any diagonal, let n be tbe dis- 
tance, counted in bays, of the lower end of the diagonal from the 
pier P, and we have y, 

Q evidently = the summation of the series (l-t-2-f 3-}-. . n)~ 

w 
carried to n terms .'. Q = («+"') o'v (3) 



2N ■■■ ■ 
The tan of the iacliuntioa of resultant toQ ^ 



The tan of the inclination of the arch = 



N-2n-l 



... (4) 
... (5) 



which becomes negative for points at or beyond the crown. 
Substituting these values in equation 2, we get 

Stress in any diagonal =(n-|-n') ^. ( 1 + — — ) X length 

of the di.igonal -j- the height of its upper end above the chord of 
the aroh, or 



A 
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Tlte length of the npright aitaohed to the lower end of uiy 
fWygftw^t is expreased by the tangent of the Inclination of the line 

drawn from the head of the npright to the pier Q, /=: - j,malti- 

pliad hj its distance from Q, [= (N— n) «] ;. 

, - . . nN— n* _^ 

Ijength of strat at » = — - — * (7) 

Anil the length of the np-nfht attached to the npper end of the 
diagonal fdu be expressed by sabstituting (»+^) foi' ^ ux eqnar 
tion 7; /. 
Lwgthof ■tmtatn+l=N+iiN-l-5S»-n«^*) ... (8) 

Sobctitating this value in equation 6, we get 



serve that to produce the maximum stress on l\e »el&ag M % ti«t 
or on bci acting as a stmt, requires the same points a and & to M 
loaded. Let if represent in magnitude, as it does in diraetiaiiy 
the resultant from point 6 to Q ; when M^ iaVstrut and &|0 a tie, 
the stresses are represented by the lengths At uid bjC reqieotiTeljk 
for if = ecj. But as we are now to treat U, and oe, as ties, and 
bci and d>i as struts, we must resolve bq, not into 1^ and te, bo* 
into bcj and bc^ ; and the compression in strut boi is endraitly now 
represented by the length of the diagonal in the same fiishioit 
that the diagonal lengui cbi represented the tension in hfi when 
it acted as a tie : so that the analogy holds good for both amngs- 
ments. 

Tk$ Strettet on the UprighU. 

1st. When the loading is considered as placed immediately on 

the arch, the nuuiimnm stress on any upright must be equal to 

the verticid component of the stress on the most strained of th* 

two diagonals connected with its lower extremity; for ii r^""^'* 



Tio. 1. 




SUnm OD. anji diagonal = ■ ' o^ — » and substituting for e its 
valne rs. > and for « its value — , we get 



Stress on any diagonal = 



Nto length of diagonal 
8D 



(9) 



Nto 
And as — =: is constant, the stress is proportional to the length. 
8D 

When N is even, the longest upright is= D, therefore if we form 
a scale such that a length equal to the central npright repre- 
sents one-eighth of the total movable loading Nto, then any 
diagonal measured upon that scale will at once point out the 
stress it may sufiisr. When N is odd, and the arch either poly- 
gonal or curved, each of the central uprights will be =d[i— ^j 
so that we have the stress in any diagonal when N is odd = 

^H ) ^ • l^i^S^ ''f diagonal -r- 8 times the length of a 

omtral upright. And if we construct a scale such, that on it 



Fio. s. 



be less than this, since it is throneh its agency that the stress i* 
either delivered or carried onwards, according as the upright i* 
a strut or a tie; and it cannot be greater, for if we, for instance!^ 
suppose it when a strut to HaSer a greater strain, this assnme< 
that the resultant to the other pier P is resolved into it and the 
arch, but any such resultant would, on the contrary, go to 
annul a portion of the tenuon previously existing in the tie kad> 
ing from the head of the strut towards the said pier. The stresa 
in the upright is therefore ascertainable by applying the already 
described scales to the length of its taller neighbour, or by mnl- 
Nw 



tiplying that length by 



8D" 



2nd. When the load is applied, not on the arch directly, bat 
on the chord line, and assumed to be suspended by the perpen- 
dicular pieces, the strains in these as given above will be greatly 
modifiea. If they be struts, the greatest tension to which they 
mav be subjected is produced when all tha loadings are on, and 
is then =:u>-f 10. for each, lo^ repi-eseuting the Nth part of the total 
dead weight: the greatest compression to which any one is liable 



.. , _^, Nu> 

IS = its own length X -^^j — v. 
ax) 




,..0-' 



Sf 






N*— 1 
a central upright will measure -q^— w, this scale will at once 

g^ve the strains in the diagonals bv simply applyine their lengths 
to it But we may repeat that wnether N be odd or even, the 
stress on any diagonal is simply its length multifdied by the 

value of r-^- 
8D 

We have assumed in the forgoing investigation that the diago- 
nals were supplied with ties, and that the uprights were struts. 
And now, to show that the same conclusions apply when the 
diagonal pieces are struts, and the uprishts are ties, let us construct 
Fig. 3, the line tq being drawn throuen the point e. parallel to qc, 
and intersecting iQ in 9, and U^ produced in $. And let as ob> 



If the uprights be ties (the diagonals then being struts), the 
maximum tension for each will be = w-l-Wi -|- length of its long- 
est neighbour x -^ — -^^r- , where n' represents the distance 



N 



,/ 



of the upright tie from the nearest pier, counted in bays> 

The St7e»*e$ on the Arch and Chord. \ 

The compression of the arch at the crown is =: thd^ horizontal 

thrust of the arch, which is = the tension of the choi^d, which is 

\ S 
= total sum of movable and dead weight on girder iX rg. 

The compression in any other part of the ardi is =ilu»ixontal 
thrust X sec of inoUnation of that part. V 

Edinburgh. Ifi H.B. 

( 
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ON THE PRESENT ASPECT OF THE FINE ARTS IN 
ITALY, WITH F^PECIAL REJ-'ERENCE TO THE 
RECENT EXHIBITION IN FLORENCE* 
By M. DioBT Wtatt, Architect 
Thz name of ijuintino SelU, the mathematician, economist, and 
onlor, thjit of one of the raoet risiug men of the present genera- 
tion of Italians, will ever be held in esteem by his countrymen, if 
on no other groauds, from the honourable connection which must 
always exist between bis memory and that of the signal manifes- 
tation of Italian capabilities, in an industrial point of view, which 
will mainly engage our attention this evening — the first made 
sinoe the joke which has so long impeded their satisfactory deve- 
lopment has been at least partially removed from the shoulders 
ofa race whose attachment to Fine and Decorative Art has be- 
oome proverbial. 

To the Cavaliere Sella, and to his exertions in the Italian 
Parliament, that nation is indebted for the convereiou of an Exhi- 
bition, limited, aa originally contemplated, to the illustration of 
Tuscan manafactnrea only, into one in which evidence, greater or 
len according to circumstances, is to be found of the arttutic and 
iDdnatrial capabilities of almost every district of that united king- 
dom; whoae existence as such every well-wiaber to the cause of 
liberty, and every one who honours the ancient traditions of excel- 
lence in design still preserved in that favoured laud, must ardently 
desire should be preserved. 

The task of the critic who would attempt to minutely characte- 
rise individual productions so far removed from the eyes of those 
he may have to aildress as to render impossible any appeal on their 
parts from his judgment to material evidence, must, it appears to 
UMi be alike unjust to those whose works may be criticised, tedious 
to those addre^ed, and too one-sided to bo either interesting or 
|irofita,ble. I propose, therefore, this evening to take a broa<ler 
iriow of the entire subject of the Italian Decorative and Industrial 
Aii» than I should probably do if the means of rectifying any 
cnon of individual judgment on my part were within the reach 
of thoae to whom I venture to offer the following observations. 

The natural sequence of emotions moat readily to be imajfiued 
as occurring to an educated Englishman on entering the Exhi- 
bition building at Florenc* would be, aa it appears to me, some- 
what as followa: — Firstly, his memory would revert to those old 
glories of the days of Florentine independence, of Genoese and 
Venetian magniticence, and of Roman Pontifical autocracy, in 
which the fine and decorative arts are known to have reiiched a 
pitch of perfection scarcely rivalled in the palmiast days of Greece 
and of the Augustan empire. He would naturally inquire what 
those old Italian arta and industries were, how far they co-existed 
and were united, and under what social conditions they were de- 
veloped? 

HiB second inquiry would naturally be, how much of that 
ancient power still lingers in the hands of the descendants of 
those by whom the original greatness was attained 7 

The third subject of investigation would probably be, after 
taking stock of the prewnt, what materials stitl exist amongnt 
the Italians likely to carry to a higher perfection than has been 
as yet attained in recent times the arts for which "Italia la bella" 
Was once so famotis 1 

Beoognising, as no one can fail to do, the retarding iufluencea 
iriiich have so long operated to fetter and depress the wonted 
Tivacity of that highly imaginative people, it is indeed an interest- 
ing problem to endeavour to trace the direction in which a greater 
degree of personal liberty than they have hitherto been permitte<l 
to enjoy may tend to revive those energies which have too long 
been overshadowed by a baneful condition of social oppression. 
F^om her past and her present may thus, to a certain extent, be 
aagared an Italian future. 

In all this, doubtless, there must be some moral for us ; and 
the fourth aspect under which any Englishman, anxious for the 
augmentation of his country's greatness, would naturally regard 
the present evidences of capacity manifested at Florence, would 
be to consider what concurrent improvement his countrymen, may 
derive from the lessons to be at present learnt in Italy f 

Following this order of investigation, my remarks will be 
grouped in subordination to these four leading aspects, under 
whicn the subject may be regarded. We shall therefore consider 
first — and far too briefly for the grandeur of the theme — what 
the old Italian arts and industries were. 

*r»|)«r md bsfenUhe Society of atti. 



It appeared to those in whose hands the initiation of the Great 
Exhibition of lH."il rested, as likely to prove an important element 
in preparing the way for a due appreciation of that great display, 
that a collection of works, illustrating the perfection to which 
industi'ial processes had been carried in ancient and medu^val 
times, should be submitted for general study and investigation by 
the public, previous to their being called upon to estimate the 
relative value of corresponding cotemporary processes. Many of 
those I have the honour of addressing cannot forget the succesa 
which attended that exhibition, inaugurated under the auspices 
and mainly through the direct action of the Society of Arts. 

A similar idea seems to have struck the Italians, and to have led 
to the bringing togvthera viry remarkable collection as specimens 
of ancient lulian technical art; mainly through the active exer- 
tions and public spirit of a Floreuliiie medical man and distin- 
guished connoisseur, the Doctor Guaslallii, whose energy has 
already tended to infuse new life into the admiustration of the 
Florentine museums. Severalof the princely ItJilian familiea co- 
operated iu this work, the proceeds arising from wluch, it wa« 
determined, should be voted to charity. 

Within tlie walls of a large house in the new Piazza dell' 
Indipendenza, were consetioeutly crowded together a great quan- 
tity of objects, illustrating almost all those industries with the 
choice-st specimens of which Italy was wont, from the end of the 
fourteenth to the beginuingof the seventeenth century, to supply 
the factitious necessities of the most highly cultivated portion of 
the royalty, aristocracy, and rich bourgeoisie of Europe. 

With such exaiuplea of these arts as we may be now thankful 
to possess in the Museum at South Kensington, it is little neces- 
sary for me to dwell iu deUil upon the classes of objects collected 
in the Casa Guastalla. It may \>e sulJicient to say, that b^on^e3 
worthy, if not wrought by the hands, of men such as Ohiberti, 
Cellini, Donatello, Michael Angelo, and John of Bologna, were 
not wiiutiug. Neither were the tinest Venetian glasses, Milanese 
and Ferrarese arms and armour, Sieunese and Florentine illumina- 
tions, Unibrian majolica, enamels of several kinds, goldsmiths' 
work, silver repousee work, iron work, niello, medals, lavori di 
commesso, or mosaics, and coins, cuir bouilli, tapestries, rare tis- 
sues, lavoro all'Azzimina or damascening, tarsia or marquetry, 
and marble, ivory, and wood carving. 

Where so much was beautiful, it seems almost invidious to 
dwell upon points of remarkable interest; but it would be treason 
to the royalty of excellence to pass over two or three objects 
especially celebrated in the history of art, and now brought under 
public notice after agea of seclusion, if not neglect. 

The most interesting of all was probably that patera in bronze, 
which Vasari relates that Donatello worked for the noble Casa 
Martelli, to show how perfectly it was within hia power to rival 
theexfiuisite fragments cjf antique bronze casting and chasing, 
which in his days were as much the rage among great Italian 
collectors, as majolica and " vieux Sevres " have been lately among 
French and English. As perfect almost as it could have been when 
it left the hands of that rare artist, this beautiful piece of sculp- 
ture jiistities all the praises which Cicognara has so lavislied upon 
it in his 'History of Sculpture.' 

Another specimen of little less historical interest, was the bust 
in marble representing Marietta Strozzi, wife of Celio Calcagnini 
di Ferraro, by that great sculptor (who unfortunately died too 
young to leave much behind him) Desiderio da Settignano. 
Jealoatly preserved in the family of her deseendanta in that palace, 
the architecture of which by Benedetto daMajano and Pollaiuolo 
has mainly stamped the Tuscan palatial style with its easily re- 
cognised distinctive features, there can be no doubt of the true 
descent of this beautifully preserved work of art. 

Another item, small in bulk though great in artistic value, was 
also contributed from the same collection — a little key in chiselled 
steel, ascribed to Benvenuto Cellini, and, if not actually executed 
by him, eminently worthy of hia most dexterous hand, and of all 
that skill which be appears to have aoqaired in the workshop of 
Paolo Arsago, the Milanese. 

Probably, as far aa unique curiosity is concerned, the most 
interesting groups of objects in this collection were the very im- 
portant series of coins of different Italian cities and mints; the 
raetlals of illustrious personages, by Pisanelli, Sperando, Cellini, 
Pollaiuolo, and others; and a very curious oi>llectiou of cut and 
stamped leather work, which the energies of the purchasers for 
the Soalh Kensington Museum may, I hope, ere this have ac- 
quired for our admiration in this country. 
Important as the objects in thia collection unt^aestionably were\ 
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.t« filling up the detail of the stiH-life of thcwe pictareg in which 
the stately GonzAgaa, &Iedici, Sforzas, Slrozzis, and Doriaa oc- 
oopied the foreground, it is of course in the great uouameots and 

CeniMneut tuaaeunu of the country that we learn to recognise 
ow inseparable the perfection arrived at in these minor arts waa 
from that greater aubliruity attained in the noblest effort* of the 
Architect, the painter, and the sculptor. 

It is precisely in this union of imagination of the loftiest kind 
with perfect technical dexterity in art productions, on either the 
vastest or the most minute scale, that the great strength of the 
excellence of the finest Italian design iii old time consists. All 
the^e relics, whether taking the form of gigantic churches, of 
stately palaces, of heroic works of scolptare, of extensive frescoes, 
of elaborate furniture, of pottery, glass, and even ornamental 
leather, show how absolutely indispensable to personal enjoyment 
art then was. 

Every student of the " Divina Commedia " must remember 
the almost passionate terms in which Dante mounis over that 
transition from simplicity of life and manners to a laxurioua 
indnlgence of the intellect and senses, which no sumptuary laws, 
however stringent, were ever able to subdue. Long and vainly 
the nobles strove during the fourteenth and fifteenth centuries to 
preserve for themselves a monopoly in splendour, but wealth 
accumulating in the hands of the citizens ultimately broke up 
their ineffectual blockade. How, and with what results, may be 
traced in the chronicles of Villani and (Jorio; in the excellent 
*' Discorso di Guglielmo Munzi sopra gli spettacoli, le feste, ed il 
InsBO degl'Italiani nel secolo XlV;" and in Muratori's grand 
collection of writers, " rerum Italicarum." 

Out of the superabundant gains of the industry and commerce 
of Florence, Sienna, Genoa, Venice, Lnooa, Pisa, and Milan, and 
out of the accumulated riches drawn by an all-powerful priesthood 
from its spiritual tributaries in all parts of the world, one cannot 
fail to be struck with the very large proportion which was 
obviously expended in supplying this apparently insatiable 
craving for b«auty. Sums of money which would frighten the 
nobles, oommerdal or hereditary, even of this kingdom, were 
lavishly expended on the great monuments of Italian art. Taking, 
for instance, such a city as Palermo, we find, even at the present 
day, not tens, but twenties and thirties of churches lined through- 
oat with marble mosaic of the most costly description. The riches 
at St, Mark's at Venice, St. Peter's at Rome, ^e Certosa at 
Favia, SL Anthony at Padua, and the churcliea uf the Annun- 
ziata and San Matleo at Geuoa, appear almost beyond estimation ; 
while not only in monuments such as adorn these cities is the 
boldest dimension and the grandest scale adopted, but every inch 
of wall surface, and every piece of church fumitnre, however 
insignificant, is made as elaborate as human inganuity and human 
hands can make it. 

To such an exuberant extent was this apparent craving for 
enrichment indulged, that where, as happened in many cases, 
funds were wanting to complete the ambitious designs of the 
founder of some great monument, his successors, rather than 
leave the work altogether untini.<>ihed, have endeavoured to lealise 
by paint and everj' kind of ingenious expedient the effect so 
ardently desired by the original founder of the edifice. Hence 

Srooeed many of those illusive perspectives which almost convert 
nt ceilings into airy cupolas, and carry out the eye of the visitor 
in the aaitme or grand apartment of the piano nobik, or priucipal 
floor of an Italian residence, through apparently interminable 
ai'OAdei^ to an exuberant landscape alive with atataes and fonn- 
taioa. 

An amusing definition of what an Italian of the sixteenth 
century understood as indispensable domestic ornaments may be 
found in a little book written by ClasUglione Saba, and entitled 
" Ricoordi overro Ammaestramenti," for a reference to which, 
and indeed for the loan of which, I am obliged to the kindness of 
Sir Charles Eostlake. In one chapter the writer tells us how 
pleasing to the eye and how necessary are terra-coltaB by such 
men as Paganino da Modena ; musical instruments by Lorenzo 
.de Paviaor Baatinno da Verona; that carvings should be supplied 
by Michael Augelo, Donatetlo, Alfonso LoniKirdi t^nue of the great 
Venetian Lombardi), and Cristofero Romano. Auiii|ue medals, 
he says, are neceasani', as well as those of Giovanni Coronii, of 
Tenice. Verocchio and Pollaiuolo, we are told, should supply the 
brun/e« ; and cimeos and intaglios should be by Pietro Mitria, 
and especially by Giovanni di Castello. 

We may pass over the list of w irthy painters given by the 
tbor, bat not so .the terms in which he notices the marquetry 



works of Fra Damiaao da Bergamo, and the armour and glaaa 
work, the current productions of Milan and Venice. To fittingly 
supply such necessitiea no artist was too proud, and there yet 
exist, more particularly in the great Florentine collectioQ of 
drawings by the old masters in the galleries of the Uffizii, ample 
evidences of the powers in designing ornament as applied to 
industrial productions, possessed by artists whose more special 
fame rests upon that which we habitually contradistinguish &om 
each classes of art by designating as fine art To enumerate a 
few of these may not be unprofitable, by way of directiiig th« 
attention of young artists to some of the worthiest masters of 
their craft. 

As designers of wood and marble carving we note the names of 
Baldassare Pemzzi, the great Sieneae arebitect ; Giorgio Vasari, 
Raffaelle da Monte Lupo, Michael Angelo, Montorsoli, Guglielmo 
della Porta, U Riocio (the author of the magnificent candelabrum 
in bronze at the Church of SU Anthony at Padua), Giovanni 
Battista Trotti, better known as D Molosso, Lilio da Novellara, 
and an artist of exquisite refinement, Francesco Salviati. For 
staoco work we meet with designs by Giovanni Battista Cre- 
raonini, and Marco da Faenza; and for friezes with those of 
Gandenzio da Ferrara, Giulio Campi and Amico Aspertini. For 
miscellaneous desigmt of all kinds we find beautiful studies by 
Pierino del Vamn, Francesco Zuocheri, Polidoro da Caravaggio, 
and Prospero Fontana. Cellini, Bernardino Poochetti, Giulio 
Romano, and many others, bought their great accompliohmeuta 
to bear upon the prwluction of beautinil melal-work, while 
Pelegrino Tibaldi, Matturino, Morto da Feltro, Giovanni da 
Udine, Bacchiacca, Piuturicchio, Pietro Perugino, and many 
others, shone in arabesques and cognate descriptions of design. 
Their ability indeed to minister to the smaller wants of the great 
Italian nobles, led in many cases to the artists so exercising their 
lesser 'talents (if they may be so described) receiving commis- 
sions calculated to bring out their capabilities in the lofUest 
directions. 

Any one desirous of tracing the important part which the re- 
quirements of industrial art played in the lives of many of the 
eminent Italian artists, and which I cannot now do more than 
point to, may find ample materials awaiting his investigation iu 
the autobiographies of Ghiberti and Cellini, in the writings of 
Vasfiri and Baldinucci, in the " letters Sanese" of della Valle, in 
the "Italienische Forschungen" of Von Rumohr, in the "Beitrfige 
zur neuern Kunstgeschichte" of Forster, and last not least in the 
collections of original uotex and documents illn^trating the history 
of Italian art, by Gaye, Gualaudl, Carlo Piui, and the brothers 
Milanesi. 

Did time permit I would willingly dwell in detail on mosaic, 
sgraffito, intarsiatura, fresco, and gesso painting; terra-cotta, 
majolica, stucchi, niello glass making, and others of those arts 
(transmitted by the curious MS. treati.4es kuown as lecreta from 
generation to generation) in which Italy so long enjoyed a mono- 
poly of celebrity if not of actual production; but I feel that the 
Sfoond branch of our inquiry this evening is too important to be 
set aside for matters even of such interest as I do not doubt these 
ancient arts of Italy might be made to assume. 

Turning from their yesterday to their to-day, we cannot bnt 
observe that, in almost every department in which their anceston 
excelled, the modern Italians e.xbibit if not a considerable power 
of production, at least very respectable exceptional proficiency; 
and if not within the walls of the Florentine exhibition, at least 
in contemporary art- productions elsewhere, we may trace a par- 
tial revival of almost every ancient process known to the Italians 
of Mediceaa times. 

It is probably in the purely Fine Arts that the priucipal dege- 
neracy is to be recognised; in the strictly technical there exists 
by no means the same falling away. The reason for this may not 
be hard to trace in the amount of liberty which has for many 
years past been enjoyed by the lower orders, as compared with 
that moral and mental subjection iu which the middle classes 
have been held. While every-day necessity, and the passage of 
iiitermiuableybrMfim, have created sufficient demand to stimulate 
the capabilities of the workmen, the apparent hopelessness of their 
career has unci uestion ably deterred many, who from the middle 
cliisses would have supplied proficient artists and designers, from 
entering upon those severe studies by which alone excellence in 
tlie higher branches of art can be attained. 
(To be continued.) 
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PUDDLED STEEL, HOMOGENEOUS lEON, AND 
STEEL IRON. 

Tbb qaestion of the mechanical properties of puddled steel, aa 
alao the leaa highlj c&rbonised products of iron, is one of growing 
impoitanoe. Cheap and ready manufacture and a high degree of 
strength are advantages claimed for tliia class of material, and its 
£«dtl of applieatioa is becoming largely extended. An accurate 
afOqaaintance with the limits of strength and laws of elasticity 
becomes therefore increasingly desirable. 

We have before us a pamphlet by Mr. W. H. Barlow, F.RS., 
M.LC.E., giving an account of some experiments which he has 
conducted Dy i)ermi88ioQ in the Boyal Arsenal at Woolwich, for 
the purpose of obtaining some r<>liable data upon this subject. 
The testing nuichine employed at Woolwich is a counterpart of 
that used by the United States Government for ascei-taining the 
•Arength of cast-iron. It records accuraboly the amounts of the 
nltinukta resistances to rupture by tension, compression, transverse 
■tnin, and torsion, but is not well arranged for e.\liibitiDg the 
progreeaive action of the three first-named Kinds of strain. Con- 
■eauently, as Mr. Barlow states, although the experiments may be 
vdied on as far as they go, and point out the more important 
properUea of the materials tested, they do not atford all the data 

Table L — Summary of Experimentt on the 



that could be wished; as paddled steel rarely yields to rupture in 
the tasting machine except under tension. 

"Puddled steel is mode direct from c*gt-iron by a process analoffous to 
tliat used in obtaining common wrooght-iroD, but instead of expelling all 
the carbon, such an amoimt is left contained as to impart the quality uf 
steel to the metal so treated. Conaiderable experience is required in the 
eelection of suitable qualities of metal, and aUo to know the preciw moment 
ttt which to Bto(i the process of decarbonisation in the puddUng furnace; 
and other oooditiaiui have to be observed in order to secure the suc- 
cess of the operation, but it is now aooomplinhed with great certainty, 
and the result is tlje production at a very low coat of steel, which, 
although not of high (juality, is nevertheless pokaessed of many valuable 
properties. 

In addition to the experiments on puddled steel, similar experiments 
were made on homogeucoua metal and steel iron, and on puddled steel 
melted and cast into ingots. 8teel iron is a condition of the metal when 
the process of decarbonisation is carried further than in puddled steel; 
its fracture is fibrous, and it approaches very nearly to wmught-iron. The 
other materials above mentioned show a urystalline fracture, the crjRtahi 
being veiy small, fine, and regular, like that of gim metal. Tlie steel 
possesses also similar properties of malleability, although much harder and 
of much greater strength than gun metaL" 

The following Table ([.) is an abridgement of Mr. Barlow's 
aummary of the experiments on tension:— 

Retiitance to Tauion of Puddled Steei, SfC. 



!ro. of 
Sxpenmeot. 



fi2 to 56 
1» „ 23 
» » 34 
M „ fll 



8 



12 



Vftine of MiterUl. 



Puddled steel 

UumogeneouB metal 

Puddletl steel 

Puddled Bteel melted ami 

cast into ingots 

Steel iron 



Name o( Haker, 



Mersey Iron Works . 

Firth & Co 

Naylor and Yickers. 

Nay lor and Vickera . 
Atlas Works... ... 



UlUmate Btrmln per iqusre 
Uiea. 



lbs. 

84,162 to 109,117 

8fi.640 „ 115,133 

100,991 „ 133,054 



84,652 

67,487 



124,492 
71,168 



Mean. 



Hrltiwlii. 



lbs. 

95,233 

100,994 

116,330 

101,758 
69,456 



Fracture Crystalline. 

Fracture crystalline. 

Fracture crystalline. 

Fractiue crj-stalline. 

Fracture fibrous. 



From these results the author draws the following oonclu- 
aions: — 

"From the above experiments it appears tliat the ultimate tensile 
[dnngth of pu'ldled steel, homogeneous metal, aud pudJlod steel melted 
■deast into ii^ota, b nearly double that of wrought- imu. The variation 
! sticngtb in the different somplei is not greater than is f nuud to arise in 
■ wivjwgnt-iron. 

Several specim<:!n.s taken out and re-measured after receiving strain, 
ixlicatei ttiat [lermanent set first begins to be perceptible at 20,000 lb. per 
: inch. 



Puddled steel and homogeneous metal broke with a fracture presenting 
a minute crystalline appearance; and there were two distinct forms of 
fracture, one being in a plane at right angles to the line of strain, and the 
other a cup-shaped fracture more or less perfect. 

The material called ' steel iron ' showed a fibrous fractaie, and was of 
much less strength than puddled steel and homogeneous metal. In this 
material it was evident that the process of decarbonisation had been 
carried too far, and that it difiered but Uttle from iron of good quaUty." 

From the summary of experiments on compreaaion we extract 
the mean results (Table II.) ; — 





Tarlx XL — Summary of Ejrperiment* on the RetUtance to Comprettion of Puddled Steei, 6;c. 


Vo. of 
ExpcrinKUK. 


Name ot MatrriaL 


Kama of Maker. 


Freasue per square 
incb. 


Anoantaf 
CSompreaaloo. 


Rate of Comprenian per tam per 
«({uan in. ui teniuorie&(tk. 


47 to $1 

« ., 3S 

24 

ea-,, «s 

18, 17, and IS 


Pudilled steel miwan le.cgth 1-328 in.)... 
Puddle.1 steel (mean length \-36ii in.) .. 
Horaogeneouij metal (l*J"fe'tli 1295 in.)... 
Puddled steel mt:lt«.-d and cast into ingots 

(mean length 1'4175 in.) 

Steel iron (mean length ri02m.) 


Mersey Iron Works ... 
Naylfiraod Vickers ... 
Firth & Co 

Naylor and Vickers ... 
Atlas Works 


lb*. 
21,908 
20,196 
22,514 

21,998 
28,574 


bcb. 
•0O32 
•0(1325 
•003 

•00575 
•00533 


•(K)0247 
•000263 
■000231 

•000413 
•000469 



*' The »ample=s tested were all about 1 ^ inches in length. The approach 

«f the steel pintons between whicli the samples were compressed waa care- 

L tally measured, and the resultn as recorded are correct as showing the 

L-C Mnps esaons of columns of the length employed. The amount of com- 

\ fnman per ton per inch is however so great, and being moreover incon- 

' ileat with that which may be inferred from the experiments on transverse 

akrun, it is to be presumed that the result is afiected by the short length 

nf the samples. The effect of the pressure is to enlaige the diameter at 

tha centre of the sample. 

Kg. 1 represents the sample No. 24 before pressure was applied, and 
Fig. 2 is the same sample after receiving a pressure of 51 tons per inch, 
Via. I. Fio. a. 



and dmflar effect* though in & less degree result from smaller pressures. 
It ■ kaown that in long ban subjeotad to oompression the oeofn portion 



is not proportionately expanded, and it follows that the decrease of length 
in short columns wUl not be proportional to that in long ones. It is 
evident, however, that the puddled steel and homogeneous roetal are less 
ciimpreiisible than cast puddled steel and steel iron. Puddled steel, 
whether cast or otherwise, oould nut be. crushed with any pressare the 
machine was capable of exerting; the only effect was to pnKluce an altera- 
tion in the form of the sample. This property would indicate that if 
great pretauro were to be resisted it might be advantageous Ui vuhuiit the 
materuU to great compression before using it. The effect of the pressure 
appean to produce a re-arrangement of the particles, and wlien so rv- 
arrangod. ^ey are capable of sustaining gnuUer pressure than in their 
original form.'' 

*' By comparing these experiments (Table ITI,) with those of Prof. Barlow 
on wnmght iron hora 2 in. square (see Barlow on the Stzength of Materials) 
It will he mum that the deflection under transverse strain is greater in 
puddled stoeL when of like dimensions and under like circumstances^ in 
the ratio of 10 to 11. But the weight it is capable of sustaining before the 
iaoranents of deflection with equal weights c«a«e to be regular is, as 
nearly as possible, double that of wrought-iron. Hence, so far as these 
experiments go, it would appear that a bar of pwldled steel may be bent 
abiiut twic« as much as a bar of iron of like dimensions, without impairing 
its elasticity, or without caiuing a greater permanent aetv' 
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Tabu IlL—Sumnutry of Erperimmti om the JUriitanee to 
Traruverte Strain of PnddM Steslj Ifc. 



10 
41 



♦2 

43 
i4 



Puddled 
Bteel 
do. 
do. 



Homogene- 

ouB metal 

do, 

do. 



Puddled 
■teel 
do. 



Paddled 

Bteel 

do. 



Puddled 
steel 
do. 



Naylor and 

Vlckera 

do. 

do. 

Mean 



F1nb& Ck). 

da, 
do. 



Afean 



AtlM 

Worki 
do. 

Memi 



Atlas 

Workii 

do. 

Mean 



Worku 
do. 

Mean 



to. 
1-935 
1'986 



1-9*5 



1-965 
l-9«0 



1-960 

1-970 
1-»S0 



1-960 



2-no 

2-055 



2-082 



■975 

i-oas 



l-0€5 



2-010 
1-976 



1-992 






liu. 

19276 
1-efiOO 
1-9750 



1-9542 



i-»70 



2-086 
2-OSO 



2-062 



1-985 
2-020 



2-002 



J -005 



■9S2 



las. 

■0£5 
•040 
■040 



•045 



-030 

•060 
•035 



-042 



•037 
■042 



■04a 



pnxiDijed 

•062 
-055 



-058 



Sefledioa 
pradaeed 
}ij SSW lb. 

-095 

-083 



•074 



3, 870, 50ft 



2,970,300 



2,568,000 



3,100/aOO 



2,a3S,000 



lb. 

16,000 
16,000 
IS.OOO 



16,686 



14j,000 
14,000 
19,0«> 



u,Bm 



16,000 
1«,D00 



16,000 



e,ooo 
B.ono 

8,500 



3,500 
3,500 



3,600 



[* TIm value of E ia obtained from the fonnula E = 



S2iA 



See 'Barlow's Strength of Materials.'] 

In the above experiments the -weight was applied at the centre 
an each case, and the distance between bearings was 20 inches. 

Spee^ Gravity. 
" The specific gravity was asoertained to be as follows: — 

Puddled steel Ist sample 7*7805 

Do. do 2nd do 7-7886 

Steel iron 1st do 7-7431 

Do. do 2nd do 7-7680 



Tablb JY.—Betutance to Tonion.- 


-Puddltd Sttet. 




Weight 

sppUsaat 

SeinehM 


JTirth and Soiu. 

Diameter 1-768 

Inches. 


XaTlorJtVickeis. 

Dlumelen-SM 

inobea. 


Najlor k Virkore. 
Diameter 1-861 in«. 


IfaTlor&Vicken. 

DUmeter l-)lT< 

isdus. 


S 


1 


a 


■g 


§ 


41 


i 


m' 


fromoau- 
tn. 


1 


ii 


a 




1 


\i 


lb. 1 


Degraes. 
















100 


•26 


-., 


•00 


... 


-00 


... 


-10 




200 


•20 


... 


•25 




-15 


... 


•40 




300 


-60 


8. 


♦50 


... 


-80 


... 


•80 




400 


•59 


... 


-75 




-40 


... 


-60 




500 


•70 





1-00 





-45 


-10 


-60 


-10 


600 


•75 


... 


1-00 


... 


-60 


• 


-70 




700 


•85 


•15 


1-126 


•26 


•70 


... 


-80 




800 


1^00 




1-160 


... 


-70 


... 


•90 




900 


1^20 


B.8. -20 


1^25 


•20 


-90 


•10 


1-00 


■20 


1,000 


1-40 




1^30 


... 


-90 


... 


1-20 




1,100 


1^60 


80 


1-40 


•30 


-90 


a 


1-80 




1,200 


... 




1^60 


... 


1-25 


••. 


1-50 


8. 


1,800 


... 




1.50 


•30 


355 


B.s. 2-00 


1-50 


-80 


1,400 


... 


... 


1-60 


... 


... 


... 


1-90 




1,500 


7^85 




1-60 


•40 


... 


... 


200 




1,600 


8^85 


... 


1-95 


R.8. 


.•• 


... 


2-20 




1,700 


11-80 




2-55 


-90 




... 


2-30 


-SO 


1,800 


16^50 


... 


8-10 


... 


... 


... 


2-50 




1,900 


19-40 


... 4-15 






... 


Broke in 




2,000 




... 5-60 


3-00 






ou 1,900 
lb. 





The strength of puddled steel in resisting torsion will be besttmdentood 
by It direct comparison b^ween the mults in the Table (lY.) and those 
oDtadned by Major Wade on samples of the same form and dimensions in 
cast and wrought-iron. The following table (Y.) is an abatraot of such of 
his experiments as afford a direct comparison. In both sets of experi- 
ments the weight -was applied at the end of a lever 25 inches long. 

Good puddled steel and homogeneous metid appear to be very similar 
in their mechanical properties; ttieir tensile strength being nearly donUa 
that of wrought-iron, the fracture being without fibre, and poasesaing a 
fine crystalline or granular appearance. Both materials are ductile, and 
may be condensed and consolidated under the hammer. Both materials 
also, although bending imder transverse strain as much as wrought-inm 
with equal weights, are capable of bearing nearly twice as much strain as 
wrought-iron before producing a greater amount of permanent set. 

It is to be regretted that tJ^e testing machine in her Majesty's Arsenal 
at Woolwich is not adapted to receive bars of sufficient length for deter- 
mining the modulus of elasticity. The very short length of the sample* 
which the machine is capable of receiving in appl3nng tensile and com- 
pressive strains renders it impossible to arrive at correct conclusions from 
them in respect of the amount of extension and compression per ton per 
inch." 

Mr. Barlow's experiments are an important contribntion to onr 
knowledge of puddled steel and the other materials tested!: The 
ultimate strength under tension appears more uniform ^than 
might have been anticipated, which speaks well for the aki1| of 
the makers. We hope that, having gone thus fiir, Mr. Eartpv 
may on some future occasion be enabled to ascertain by expdi- 
ment the modulus of elasticity, and other data which still r^ 
main undetermined. \ 



Tablb Y. — Table showing certain Remit* obtained by Major Wade on the Tortional Renatanee of Ca»t and Wrought Iron. 



DMcriptka. 


Weight appUed, 10001b. 


Weight appUed. 16001b. 






Deflectian. 


Permanent get 


Deflectian. 


Permanent Kt 




Cast Ibon — 

No. 1, 2nd fusion 

Ditto, 8rd fusion 

10 parts No. 1 and 4 parts No. 8, 2nd fusion 

8 parts No. 1, and 6 parts No. 8, 8rd fiision 

Equal pacts Noe. 1 and 2, 2nd fusion 

Ditto, ditto 8rd fusion 

Mixture of 8 parts No. 1, 8 partsNo. 2, t 2 partsNo. 3, 2Dd fusion 

Ditto ditto ditto Srd fusion 

IVbouobt Iboh— No. 1 

Ditto No. 2 

Ditto No. 8 


1-2 
1-7 
1*6 
1-6 
1^9 
1-2 
1-4 
1^6 


%-2 
0^0 
0^0 
0-0 
0-1 
0^0 
0-0 
01 
00 
0^1 
1-2 


6-9 

8-0 

24 

2 3 

3^8 

2-4 

2-6 

2-6 

17^6 

16-6 

89-7 


1-2 

0-3 

O'l 

0-1 

9 

0^0 

0^1 

0-2 

16-1 

16^4 

87^7 


Mean of fonr experiments 

One experiment 

Ditto 

Ditto 

Mean of two experiments 

One experiment 

Mean of four experiments 

Ditto 

One experiment 

Ditto 

Ditto 



I ON TOE CONSERVATION OP ANCIENT AROHITEC- 
^K TUBAL MONUMENTS AND REMAINS.* 

^» By G. G. Scott, RA. 

I It may perhaps appear that I should offer some apology for 

r - :. -, yonr attention with a subject at once so trite and lo 

I as that which I hive chosen as tlie title of this paper. 

I . . ..\.u!d say in reply, that it was inteuded for our opening 

I rug, and that those nieetiuus seem to me to demand, as the 

L liiuiiiug subjects to he diacusap^l at them, matters of vital import- 
^^■■lee to our art, rather thuu of ati amusing or high!}' interesting 
^^ShuMcttr; and that I hold the subject I have chosen to be, how- 
ever trite, one of the m"">st prewiug importance. 

I iwnume as my starting point that every member of thia Instt- 
tnta appreciates the immenae value — to any country which poa- 
aflttea a history and a civilization — of the monuments and re- 
mains by which that history and civilization are illustrated. 

The value of anch monuments of the past is greatly enhanced 

rirhen they illustrate the rise and development of a special style 

"art; Ptill more so when that style of art ia one of great and 

owledged merit; and yet more thnu all when it is one which 

Proved worthy of revival and re-developniput. 
cse among us whose taste and education have led them to a 
more special iippreciatiou of the art of the ancient world will 
ite\ how strongly these remarks apply to the precious mounmenta 
id relic* of Greece and Rome, and of the countries over which 
eir arts and influence extended. These illustmte a history and 
civi{iz.ation the most womlerful in its character; they illustrate 
the development of a style of art the merits of which no one 
ever presumed to question, and which has been revived and 
*veloped in more recent ages; and, as a natural consequence, 
ery i-elic of these arts, however fragmetitary or obscure, is 
arched out, delineate<l, aud, when possible, protected and pre- 
rred, with nn amount of zeal aud assiduity proportioned to 
eir importance, and which does honour to that modera civiliza- 
iioo which 80 keenly appreciates and rejoices in that of the past. 
Should not however tne same feelings, and the same care, real, 
pud assiduity be extended to the monuments of our own race and 
r own country? Have we not a history as glorious and, to n.i iit 
lat, as interesting as that of the great nations of antiquity? 
Have we not a civilization as noble as theirs? ami should not the 
Rtonuments which illustrate that hi.story aud civilization be as 
precious in our eyes aa those of Greece or Rome? 

Added, however, to the value which these remains ought to 
poasew in our eyes as Englishmen, they possess intrinfie claims 
^rallel U> thotte of the works of tlie great nations of antiquity. 
Th<>y illustrate the development (and especially our own share in 
it ; of a style of architecture as m.-nrked in its character as theint; 
and the merits of which, though long nej,'lecte<l, are now appre- 
ciated and Rcknowledged by most of us; and have, just as in the 
caae of the Cla8.4ic ntyle^ led to its revival aud re-development. 

Let it be clearly understood that I am entering upon no contro- 
%i?rted questions, — lam instituting no comp-arisou between the 
iiiti iusic merits of the two phases of art, — nur asking any assentto 
iij ir<3 than the fact of their reviviil. On all such questions we 
itiiv hold our individual opinions, and yet m.-iiy all agieo to what 
I wish to lay down as the groundwork of what I desire to say, 
that our architectural monuments possess claims upon our care 
and conservation precisely parallel in their nature to that which 
H' wi.-orvl to thrvse of classic anti(|uity, but with these two pre- 
|i iii.krating points in their favour, — that they are our own 
uonumenta, and that toe are the parties responsible for tlieir 
eooservation. 

r would next bring under your oonaideration the melancholy 
flmt that, though our country is studded with those relics of the 
ji 1 -;. they are every year beiug reduced in number; and that those 
V : . h remain are constantly aubjectcJ to the danger of destruc- 
tion or deterioration from many different causes; among the chief 
of wliicli I may enumerate, — 

L Natural liecay aud dilapidation, which are greatly enhanced 
by tho destructive climate to which they are exposed, and still 
niuTp }iv iii-iflift. 

-(traction and ruthless mutilation, together with 
■' ..^ested by the paasing requirements of the day, or 

by individual caprice. 

IIL The yet more destructive inroads of over rettoratwn. 
Tb«9e three causea or olojuoa of causes threaten, in a degree so 

* P«p«rfwd bstan Iht Borat loilliDla otBiiUali AicUMta. 
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imminent and so alarming, the existence, the integrity, aud the 
authenticity of our ancient architectural remains, that 1 feel it to 
be high time that this Institute, together with all local architec- 
tui-al and antiquarian societies, sliould take it into their serious 
consideration, both severally aud jointly, what measures can be 
adopted to arrest the evil before it be too late. 

Our ancient arcliitectural I'emains may, for the most part> be 
classified under the following heads: — 

I. Mere antiquities — such as Stonehenge, the cromlecliR, and 
many of the remnants of Roman structures; though the latter 
often contain objects of art, us mosaics, pavenieuls, &c. 

II. Ruined buildings, whether ecclesiastical or secular, anch u 
abbeys, castles, &c. 

III. Buildings still in use, as churches, houses, inhabited 
castles, &c. 

IV. Fragmentary remains embodied in more modem buildings, 
such as those which usually exist within the precincts of cathe- 
drals, and often in old houses and country inansious; to which 
class may be added a vast amount of iut4.-rc>Hting and valuable 
fragments, mainly of domestic architecture, and often — though 
of a simple and even rustic character— of great practical import- 
ance lo the student of our old architecture, to be found among our 
country villages and in the scattered houses of the farmers and 
the peasitntry, as well aa other tniscellaueous remains. 

On the first of these classes, — that of a purely antiquarian 
character, — I will not trouble you with any remarks, as I think 
that our antiquaries are sufhciently alive to their value, and exer- 
cise a wholesome vigilance in respect of them. It is not in gene- 
ral this class of ancient remains which is most in danger, though 
it behoves every one who baa it in hia power to doahis very 
utmost for their preservation. 

The second class, however, — that of ruined structures, — is one 
which dem.iDds much and careful consideration; and it ia one 
towards which the salutary vigilance of our Institute aud uf 
kindred societies might with great advantage be directed. 

Tiie very condition of a ruin of necessity involves liability to 
rapidly increasing decay and the probability of speedy destruction; 
and it so happens that two great events in our history — the dis- 
solution of monasteries in the sixteenth aud the dismantlement 
of cHstles in the seventeenth century, have reduced two important 
cla.H»es of iirchiteetural ediBcesto this hopeless condition. 

As regards ruined castles, it fortunately happens that the mas- 
aivcnesa of their construction enables them in many instances to 
oifer a fair amount of resistance to the elements; and that the 
simplicity of their architecture causes thena to lose less from mere 
decay than structures of a more decorative kind. Such is not, 
however, always the case; and I would moat strongly presa upon 
those who have the charge of those stem historical relies to guard 
them against the effects of time aud mutilation; and upon anti- 
quaries and antiquarian societies to make periodical exaniinations 
into their condition, and to advise their proprietors as to such 
timely works of reparation and susteutatiou as may arrest the 
hand of time, without tampering with their antiquity: and if their 
natural guardians refuse the necessary protection, to raise futuia 
by private subscriptions for the purpose. 

When we come, however, to ecclesiastical niins, the case becomes 
infinitely more pressing. Unlike the great works of defence just 
alludetl to, the.se edifices were not erected with a view to resisting 
auv but the ordinary causes of destruction to which buildings are 
subjected. Their structure is comparatively light, and in prin- 
ciple trusts for stability to the nice equipoise of arches and abut- 
ments, and presupposes the protection of a i-oof It is, therefore, s 
matter for wonder that, aJUr more than three centuries of ex- 
posure, unroofed and uncared for, and though often used to supply 
materials for surrounding building, their ruined forms should, iu 
so many instances, have reached our time in a condition whicli 
enables us in any degree to appreciate their merits or their design. 

Happily, however, though great numbers of them have oeiwed 
to exist, very many precious remains are left to us; and these, 
instead of being, like those of castles, stem and almost forbidding 
in their undecorated Krmndeur, are for tlie most part exquisite and 
highly -Gniabed architectural productions, equally valuable and 
equally beautiful with our glorious cathedrals; and, in their owu 
phase of art, as classic and as perfect aa the remains of antique art 
which we so much cherish, 

Now, the two points to be conBidere<l are, first, can we expect 
these precious fragments to eodore much longer 7 and, if not, 
what can we do to promoto and prolong the coutmuauce of their 
preservation 1 
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Oq the first question I fear that the reply cannot be T«ry tttiifao- 
tory. Thoae who have for any considerable course of years beau 
in the habit of revisiting any particular ruin, can acarcely fail to 
have observed how sensibly and how aarely the course of decay, 
disintegration, and downfall has progjessed, even where there baa 
been no deliberate mutilation. The decay of the surfaces seems 
to have of lute years redoubled its speed. I have revisited build- 
ings, — and particularly rained buildings, — where twenty years 
earlier I had been able to makt* minute sketches of delicate carved 
work, and found the carving now become unintelligible. In many 
of the best preserved ruins we find the surfaces of the mouldings 
and carving covered with an ever-fresh pulverulence. If you visit 
a baildingin this exposed condition, after a hard winter, you are 
sare to find fresh spots where the deLiils have fallen off through 
the recent frost; ana in every ruin there occur, from time to time, 
' *ipa and do wnfjiUa of greater or less impt)rtance; showing that, 
SLgas they have resisted the assaults of time and weather, there 
are limits to their duration, and that those limits are by no means 
distant. 

How many of our rained bnildings have lost large portions 
within the memory of man. The Abbey of St. Augustine, at 
Canterbury, has lost its great tower within no very distant period; 
and I myself remember the newspaper notice of the fall of the 
centiul tower of Whitby Abbey, carrying away with it large 
portions of the surrounding building: indeed, such dowtifails, if 
their statistics could be c<.^llecteil, would bo found to reach an 
alarming number and amount; while the ailent and yet mure fatal 
progress of decay is every day and every hour eiiting into the most 
Ddautiful and most precious arohitectuml details. 

And how could it be otherwise, when walls constructed of small 
■tone and rulibie-work are exposed, with no protection but ivy 
and wall-plants, to the constant action of the most destructive of 
climates; when every shower penetrates the crumbling mass, and 
every frost has its full awing in its difjiutegation; and even the more 
Holid stone, from being kept in a constant state of saturation with 
water, has every cause of destruction in full and continued opera- 
tion upon it, — and all this for centuries together ? 

Nor have these been the sole agents of destrnction. Many, 
indeed the great majority, of our noblest abbey churches, and 
even some cathedrals, have been taken down for the value of their 
materials; and thoae which wt re left as ruins were, for the most 
part, spared more because there was no market for their material 
than for any care for their preservation; and it uaturaliy follows 
that they would become the quarries which would supply all the 
petty buildings around them. Perliaps the most remarkable case 
of this is at Reading, where the walls of the abbey have been 
stripped of their ashlar, both without and within, and the rubble 
core only left; yet such is its extraordinary strength, that it still 
holds l<igether in perfectly solid and comi>act masses; and where 
fragments of the tower long since fell they remain to this day, 
protruding from the ground at the same angle at which they 6r8t 
reached it, and look like masses of rock cropping out of the earth. 
This has been continued in many instance.^ up to our own day; 
and even now it is occasionally found in a certain degree to hold 
good, as at Easley Abbey, in Yorkshire, where the lower part of 
the buttresses appear to have been comparatively recently pulled 
down, as being the parta most easily got at; while the upper stages, 
being out of reach, are left unsupported, and dragging over the 
walls which they were built to stay. 

For the most part, however, it is neglect and the want of timely 
care which we have now most to complain of. I heard the other 
day of a considerable portion of a ruined abbey in Norfolk falling 
down, and this on the property of a great lord, who, I am sure, 
would have taken proper precautious had his attention been called 
to it by anyone qualified to give an opinion. The proprietors of 
these melancholy yet gloriom remains, though valuing and caring 
for them as picturesque ruins, frequently seem to forget their 
value as works of art; and to prefer risking their falling to pieces 
bit by bit, to the trifling interference with iheir picturesque effect 
which would he incurred by a little timely reparation. 

Now, what I wish to bring before you as ihe practical result of 
what I have been saying, is the absolute necessity for such re- 
parations, if we desire to hand down these precioaa arcbitectoral 
relies to our successors. 

In defining what the nature of such reparations should be, one 
may osetbe words of Mr. Ituskiu: — 

" Take proper care of your inonuroent«, a>vl you vntt not need to rwrtore 
*^eiat. WMtcb All old building with lux anxiuiu oaM; gnard it 



am best you may, aod, nt nny c^ist, from the influence of rlilApi<lAt)on- 
Countit« tftooes asyou would jcwcln of a cnjwn: -jet watc-hts atiout it, as 
if At the g»tc« of a besiegvd city bind it toother with iron where it looaenit; 
Btay it with timber where it duclinen: do not c*re aliout the unaightlines* 
of the aid, better * crutoh t)i:m u lui<t limb; aiul do thin tenderly, and 
Kvereotly, and coTitiniially ; ttiul m.my a generation will 8tUl he bom 
and pica away beneath itii Hh.<idow. Its evil dny must come at Lut; bat 
k-t it come decUnxlly and o[>enly, and lut ni> iliahonouring and false sub- 
stitute deprive it of the funeral oHieeB of memory." 

The greiit objects of such reparation are, protection against the 
penetration of water into the walls; support, to prevent downfall 
from the failure of foundations, abutments, or the sustaining work, 
whatever it may be; and, lastly (if such a thing be found to be 
practicable), the preservaliuu of the architectural details by some 
indurating process which will arrest their decay. None of these 
need, if judiciously carried out, materially or permanently affect 
the picturesqueuess of the ruin: and I need hardly say that they 
must be done so as in no degree at all to infringe upon the authen- 
ticity and genuineness of the work. The case is wholly difi'ereut 
from restoi-ation; protection and preservation being the sole 
objects. 

It would, however, be dangerous even for such works as these to 
be carried out by ignorant persons. They demand the careful 
vigilance of the antiquary and the architect, to see that the value 
of the remains is not injured. It seems to me that there ought to 
be ;t kinil of vigilance committee appointed for every district by 
our Institute, in conjunction with antiquarian societies, whether 
general or local; that these crimmitteea should not only themselves 
take every opjtortuuily, whether collectively or by their iudividnal 
members, of inspecting every arciiitectural ruin within their dis- 
trict; bat should take public measures for inviting information 
and euggestiona reapectiug them; that they should from time to 
time report to the proprietors of such remains, and suggest what 
reparation is needed; and that they should take meaeurea for 
obtaining funds for them when they hnd that such aid is necessary. 
Tliey should also obtain permission to direct what is to be done, 
and lo) have a veto upon anything which would be injurious. 

For protcctioi' agaiut the admission of wet from the top of the 
walk, much could be done by coating them roughly on the parta 
invisible from below with a concrete of cement and fine gravel; 
by resetting loose stones in cement; by filling in with the same 
material cjivilies and open joints, cracks, &c.; always taking care, 
as far as possible, to do this in a manner little, if at all, visible 
from below. In extreme cases, where arches threaten ruin, it 
may be desirable to go the length of erecting centres below, 
and rectifying them, and tilling in the joints with cement. 

When any large mass of a wall threatens to fall, shores should 
be applied, the foundations examined and strengthened, if neces* 
Bory, loose stones keved in, open joints filled, and, in very bad 
caaes, bonded; but this should be done under the eye of a person 
who has a feeling for the work, both on its own account and as a 
picturesque object, so as to avoid any unsightly tampering witli 
the old work. The only cases where such is necessary seem those 
in which the shattered piers or walls are insufficient for the 
weight they have to bear. In such coses they mu^t be nnderbuilt, 
buttressed, or propped in the same way. Here it will be l>e«t to 
make the new work rough and of old materials, but in no degree to 
mask it, but latber to make it manifest that it is only added to 
sustain the original structure. It is clear tliat in such cases it 
will be best tn call in an architect, provided he is one who has ao 
earnest care for the conservation of the work, and a full apprecia^ 
tiou of the value of its authenticity. 

I may here mention that the west front of Croyland Abbey» 
which threatened immediate fall, has been of late rendered, as I 
hope, permanently secure by means of re|>airs, such as thoae alone 
auggeated, carried out under the influence of the Lincolnshire 
Architectural Society. 

The importance of applying to the finer details a presetvative 
and indurating solution, if such is to be found, is almost as great 
as that of the upholding of the masses: the pulverisation of the 
surface seems in many cases to be going on at a constantly accele- 
rating pace, and threatens the speedy loss of the true forms of the 
mouldings and the sculpture. At Fountains Abbey, iierbape 
the beat cared-for of all these njmains, I have observed the con- 
stant diaintogration of the mouldings from this cause: if we oould 
save them by such a process, it would be worth anything. 

In the interior of Westminster Abbey, I am gradually indura- 
ting the mouldering stone in its present state, and securing it 
(as I hope) from further decay; aiul it is not onreaaouable to 
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hope th»t a procees will be found which will do the same for 
•xtamal work. 

Besides, however, doing what ia possible for the conservation 
of tbcae LnT&Iuable remains, we ong;ht also to see that there is no 
part of them which has not been tlioroughlj and carefully rcpre- 
»iite«l -Aud measured. 1 think a society ought to be formed, or a 
■ irt made by different exiating socielies, for the perfect 
n of our rained buildiugH. A good deal has been done 
by Mr. Sbar])e, Mr. Potter, and a few others; but the thing has 
never systematically been taken in hand. 

Now that we understand and appreciate the value of the re- 
mains of our ancient architecture, it Lb a Btauding disgrace to us 
that we allow them to remain without perfect and autheutic illus- 
trations being made of the whole, and of every detail ; and where 
it can be done without disfigurement, and without endangering 
the t»uderaud pulveriaiug surface, a cast should be taken of every 
carved and sculptured portion, which should be deposited in some 
permanent national collection, with a full description of the parts 
to vfajch it belongs. 

Photography may also be most usefully brought to bear upon 
ike snbject, but must not be implicitly trusted to, on account of 
the uncertainty of its duration; but whatever the modes adopted, 
it will be monstrous if we allow the moet valuable of our ancient 
architectural remains to become disintegrated, and their ex- 
quisite details lost, without having placed upon record perfect and 
abaolutely autheutic representations of every portion of them. 
I^t us prolong their existence to the utmost limit, but, at the 
■ame time, provide against their dissolation by perpetuating their 
designs, in some form which will exist after the glorious originals 
have passed away, or l>ecume unintelligible from decay. 

I now come to the third dosa of ancient remains — buildings 
still in use. 

Here we come at once within the region of controversy, of 
animadversion, and regret; for here we have united in one ali the 
oaaaea of destruction and deterioration, — natural decay, neglect, 
vrilful destruction and mutilation, and the now ho prevalent 
operation of ov<rr-rr*tirration, 

I must beg, before I proceed, that it may be clearly understood 
that, in any criticisms I may express on the course followed by 
others, I do not wish or expect to exempt myself from equal 
blame where I deserve it. We are all of us offenders iu this mat- 
ter; and to abstain frnm speaking plainly, leat we should be our- 
■elvea blamed, will be a course at once cowardly, and treasonable 
againat those principles which one every day more strongly sees 
io be right, however conscious one is of continual depjirture from 
them. 

In speaking of ruined baildings, I have fully and cordiallv 
adopted Mr. UuskLu's principle of mere Jtnxtentatinn. For such 
remains it is clearly right. This, however, cjiuuot be strictly 
acted upon in dealing with churches and other buildings still in 
le. Viewing them solely as original arolutectui-al remains, one 
^tpoold desire, were it possible, thjit the same abstinence from all 
batmore upholding should be applied to them; but, in the first 
f>laoe, it ia clearly wrong to treat the houses of God as mere ar- 
ehit«ctund specimens, to be stereotyped iu their present state of 
uatllation and decay for our study and instruction; nor, if it 
onold be proved right, would it be possible to convince their 
guardians that such a course should be folio weil; nor, in the case 
of houHcs and other secular buildiug.s, to induce people to inhabit 
and make use of ruins to gratify our sentiments towards them. 

It may then be laid down as an absolute certainty', that build- 
ings wliose use is continueii must be kept in, or put into, a seemly 
«tat£ of reparation; and it is, therefore, both our duty and our 
interest, instead of opposing what cannot be prevented, to do our 
beiA to lay down laws for ourselves, and suggest them to others 
•■ guides in carrying out the works which of necessity must be 
done. 

The great principle to start upon is, to preserve the greatest 
poeaible amount of ancient work intact; never to renew a feature 
without necessity; but to preseive everything which is not so de- 
oiyol as to destroy its value as an exponent of the original design; 
ttever to add new work, except iu strict conformity with the evi- 
deocm i>f ita original form ; never to mask over or smarten up 
old work f«>r the sake of making it comformable with new; never to 
**reatoie" carved work or sculpture, but to leave it to apeak for 
itself; and, generally, to deal with an ancient work as with an 
oti^eet on which wc set the greatest value, and the integrity and 
AOtbeAticity of which are matters which we view as of paramount 
importanoe. 



These principles, are, however, much more readily laid down 
than acted upon;— eo much so, that to one who holds them, the 
process of restoration is one of continual disappointment, vexa- 
tion, and regret; for, labour as you will to act up to first principles, 
innumerable hindrances stand in the way of their realisation. 
Sometimes the stone is found to be so utterly disintegrated, that 
it is with the utmost difficulty — here a bit and there a bit — that 
you can trace out by laborious study what were the original de- 
tails; and to attempt to keep theae bits seems as hopeless as to 
preserve a body which foils to dust as you look at it. Sometimes, 
when this is by no means the case, a barbaric builder or clerk of 
works, or an over-ze:dou8 clergyman, interferes in your absence, 
and destroys the very objects you have been moat labouring to 
preserve. 

A conscientious representative hjiving been blamed for incurring 
extras in one place, makes up for it in another by introducing, 
before one ia aware of it, a sweeping clause, which condemns 
quantities of work one meant most religiously to preserve; and, 
from one cause or another, one is always finding one's intentions 
more or less frustrated. Still, however, this is better than acting 
on no principle at all; or must be better than openly to advocate 
and act upon those which are decidedly wrong. 

However this may be, there ia no doubt of the fact that our 
churches and old buihlings are everywhere losing their value, 
through misdirected and reckless, or at least overdone restoration; 
that it is high time that some public protest be made against it,nnd 
some course adopted for its prevention; and that each of us in our 
own practice should institute a rigorous examination as to what 
he has done and is doing, with a view to a stem falling back upon 
true principles, that the churches yet uuapoiletl may yet be saved. 
Here, again, I would suggest the vigilance committee already 
hinted at. It coukl do mucli, though the works in this case are 
so many, and so widely spread, that it seems impossible fur all to 
be watched. 

After all, then, we must look to the architects employed. If 
they will not lalnmr in the right direction, I fear there ia but 
little hope: and yol, without some stem supervision, I believe that 
the majority of them will not do to; and, further, that they will 
always be able to adduce euch plausible and practical reasons for 
their destructiveness aa to convince their employers that they are 
in the right. 

I anj, however, very uncertain whether we do not all go upon a 
very wrong principle in our dealings with ancient churches. I 
could almost wish the word " rentoration" expunged from our ar- 
chitectural vocabulary, and that we could be content with the 
more commonplace term " reparation." 

We have got into the way of assuming that the "restoration" of 
a church roust, in its own nature, be the signal for pulling it to 
pieces from top to bottom. Not only must substantial repairs be 
attended to, the foundations underpinned, the strength of the 
walls looked to, dec-'iyed timbers spliced or new ones here and there 
inserted, the moat decayed stones carefully cut out and replaced, 
the covering made reliable, and the fittings put in seemly order, 
following and retaining every remnant of what is ancient, the 
stonework cleaned from its thick coatings of whitewash, and the 
roofa divested of the concealment of modem ceilings; — but, 
beyond all this, everything must be meddled with; the seating all 
taken up, floors removed, plastering 8trip[>ed from the walls; the 
whole church left for some months at the mercy of the elements 
by the removal of ita roofs; windows which do not please the 
clergyman or the squire replaced with more pretentious ones — in- 
deed, the whole thing overhauled, and radically re-formed from 
top to toe. 

We all of us, however conservative our \-iew9, adopt something 
approaching to this as the normal and necess-nry view of a resto- 
ration; and the chief difference between us is that, if the architect 
be at heart earnestly conservative, the church comes out fi\>m the 
ordeal with a certain amount of ita ancient self remaining, but 
with very much of a new garb, or very much of ita ancient look 
and very many of its interesting ancient features gone; but if his 
feelings are not conservative, so much the more is there of novelty 
instilled, and so much the less of antiquity retained in the restored 
church. 

Now this is really beginning to tell in a fearful manner upon 
the value of our ancient churches, and the interest with which 
one visits them. Cue perfectly lougs after an untouched church, 
though one knows that the stite of them is by no means such aa 
a man of good feeling can look at without shnrne. Still in them 
are found our old cburcheft, na tibv^ \xv(«\»«\x \x«)ii\^iffffii^'^ V«s^^m^ 
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down to us. True it is, that the exterior is in part mutilated and 
even disjrrnced by barbaric alterations; yet one feels that the old 
work which roruains is genuine and untampered with. Trne, the 
interior i.s coated with whitewash, thickened out inde6nitely by 
the repftitions of ceutnries; but beneath it we know that the old 
stonework is as the very workman left it; and that, if carefully 
scaled olf with one's knife, we shall 5nd the distemper deconitious 
of perhapa two or three periods in its thickness. True, the roof ia 
decayed, patched, and perhaps hidden by a plaster ceiling; but we 
know that ita timbci's were wrought by the very men whose archi- 
tecture we are studying; and that it is of the utmost value as on 
original specimen of their work. The floor, it is true, is sunken, 
worn, and patched with brick; but it contains the half-effaced 
raemorinli^ of those who lived while the chuich was new, and when 
parts of it were being built; and in cert-iin comers remain the 
ancient arjcaustic tilea. Tlie windows af,'ain are lilled with patched 
and irregular glazing; but in the heads of the lights are remnants 
of the stained glass which once filled the whole. Tlie bells are 

Eerhaps cracked: yet on them yon will find the beautiful fretted 
order, and the pions, though it may be superstitious, legend. 

And what is the state of a restored church ? The extenml 
stonework is in good repair, but the antiquity of its details is 
dubious. The windows are of nice chronological accordance, but 
they fail to tell the church's history. The internal stonework 
has thrown otf ita coating of whitewafih, but it has been re- 
worked, and all the toolmarks of the old masons scraj)ed off by 
the nupityiug drag, or chipped away and replaced by modern 
toolings; the plastering is done to perfection, but it projects in 
strange unnatural notchings round the stone dressings, and has re- 
placed what w.u a 8t<irehou3e of ihe relics of old decorative (Kiiut- 
ing; the roofs are of sound oak, or display all ihe smnrtness of 
stain and v,arijinh, but the old timber-work we valued ia gone, 
and what nnw appears is not even like it. The floor is, perhaps, 
of the uniform neiitness of a Staffurdahire farmer's kitchen, or, it 
may be, displays all the glories of encaustic tile; but the memo- 
rials of the dead have perished, and the works of Mr, Minton (to 
which they have fallen victims, have scornfully ousted those of 
his teachere, while the local patterns of old times have given way 
to those which one now finds stereotyped from one end of the 
country to the other. The windows ai"e nicely glazed with cathe- 
dral glass, and some of them with stained glass of reasonable 
merit, but the one has thrust out the fragments of ancient glasa- 
paintiug, while the other has scorned all endeavour to follow out 
and U'ike exainple from their designs. The bells have been 
capitally recast by Mears and Warner, and their tones are, no 
doubt, musioil ; but if you go up to look at them, you find the 
ancient fretted border replaced by some vulgar headings, and the 
pious and beautifully lettered legend by the names of the fonndora 
and the churchwardens, in lettering which would do honour to a 
habenlasher's shop front. 

This is a fair statement of an average church restoration; but 
there are many worse, as well as many better cases. The great ma- 
jority, I grieve to say, are very far worse. We find in some of thera 
reckless and often ignorant and senseless destruction of old work, 
united with an intense want of feeling in all that is done anew; 
ao that the church li;u become equally sickening from what it has 
loal and what it has gained. In others, again, we find an utter 
Uank of interest — a church reduced to a state of unredeemed 
lukewannueajj. I have recently been especially struck, in making 
a little tour, with tbe jjrcvalence of this last-named type among 
restored churches: a nauseating blank, — neither anything inter- 
eating left, nor anything good introduceti; and yet I waa self- 
condenineil at considering that the process, viewed as a whole, 
was much the sjime as that we are all in the habit of applying to 
our restorations, the chief difference lying in the degree of conser- 
vative feeling .ind of artistic skill witli which it ia applied. My 

eat perplexity is to decide whether our entire avHtem should be 
;>U8idered and altered, or whether the whole question is one of 
deU-iils and of individual cases, each to be decided on it« own 
merits. 

Now let UB consider for a moment what fAouU be the beau-ideal 
of a restored church. 

First of all, we have all its structural dilapidations so far 
repaired as to secure it against actual danger, and to insure 
its »t«bility. The external stonework would be so far repaired 
as is uece8»«ry to bring out the architectural forms where se- 
riously decayed and mutilated, and to render the structure of 
the walU sound and durable. This wonld be done, not on a 
v-Aa/aaaU prjni'jp}t> sach as could be described ia a specification, 



but in a tentative and gradual manner : first replacing tbe stones 
which are entirely decayed, and rather feeling one's way, and try- 
ing how little will do, than going on any bold system. Every 
new stone will thus be a perfect transcript of that which it re- 
places, and this will, as isx as possible, extend to its dimensions 
and tbe mode of workm.inship; for there is a character even ia 
the proportions of ashhir stones, — still more in the mode of work- 
ing them. Where a part is wholly or in any great degree want- 
ing, it is questionable whether it would be supplied beyond the 
extent of existing evidence; when later features have been in- 
terpolated, it is yet more questionable whether they would be 
removed: such questions must depend upon circumstanoea, such 
as the merits of the original and the interpolation, and upon the 
question whether the latter is in a state to demand thorough 
reparation, and whether the original features preponderate and 
give their character to the building. Such questions, too, would 
have been entered upon with a strong leaning against alteration; 
and this would show itself clearly in the result. 

The interior would, it ia trun, be divested of ita whitewash; 
but where this would not come off by fair means it will be more 
or less left on, for a little discolouration of the stone ia of in- 
finitely leas moment than the oblitenitiou of the ancient tooling, 
Bn that in cleaning it no hard tool must ever be brought to bear 
upon its surface. Where the stonework had been coloured or 
decorated in distemper, the traces of this would be preserved with 
a loving care, no matter how indistinct or fragmentary they may 
be. 

The plastering may to some extent be renewed ; but wherever 
the old colouring could be preserved portions of the plastering 
would be left, and the new would be, like the old, thin, and not 
projecting beyond the stone dressings. The roofs, if ancient, will 
have been studiously repaired, so a.s to preserve every fragment 
which can be made bo do ita duty, even though tbe roofs may not 
be of the original date or pitch. 

Thefloor, though levelled and made free from damp, will retain all 
its monumental slabs in their true places, and the remainder will 
be ni.ide in a great degree subordinate to them, and of the mate- 
rial which, 80 far as can be ascertained, was before used, whether 
stone or tile. If old encaustic tilea remain, they will receive all 
due honour and protection, and new ones will be founded on their 
patterns. 

The seating will probably be the carrying out of such parts of 
the old seating as may have remained, all old screens, &c. &c. 
being carefully preserved, and that in their own proi)er places. 
Where ancient features, as niches, &c., have been ruthleaaly de- 
stroyed, they will have been carefully traced out, and either ex- 
posed to view and left to speak for theraselvee, or, if sufficient 
traces are left and fragments found (which is often th» case) to 
warrant it, they will have been studiously and with religions 
accuracy restored to their original forms, no old part being dis- 
turbed, and every old fragment worked in. 

The fragments of old stained glass would retain each its own 
place, and if new glass be introduced where such remains exist. 
It will be made to carry out the design which they suggest. In a 
woril, the old church will, by a studious and tentative process, 
have been brought into a seendy state without any smartening up 
of old weather-beaten surfaces, and without any loss of ancient 
or traditional character; while iu such fittings or necessary fea- 
tures as there was no ancient guide for, it will be felt that the 
restorer united the ability to carry out the spirit of the old work 
with a desire to limit himself to the amalleat possible sphere in 
the exerci-ie of it. 

This seems tbe true ideal ; but, as I have before said, it is by 
no means easy, and often impossible, to realise it. The extent 
and intensity of the decay of the materials, the shattered con- 
dition of the walla, the extent of barbarous mutilations, and the 
necessity for enlargement or other practicjil alterations to meet 
present wauls, all militate mora or less against it; yet the ideal 
suggests the spirit iu which the work ought to be undertaken, 
even when it can only be partially attained ; and I fear tLit it is 
not by any means the spirit with which such works really are 
undertaken. On the contrary, it seems aa if many promoters of 
restoration, and those they employ, laid themselves out to destroy 
interesting features, even when a general restoration is not car- 
ried out I passed the other day through a village (Edcnbridge, 
in K^-nt) where a few yenrs before I had sketched a window of 
great peculiarity, such as I nad only seen one other instance of; 
it wft-s one whose tracery w.aa arranged especially to give scope to 
a crucifixion in the stained glass. I went to look at it again, 
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vkan, to mj dismay, I found that it had been singled out from 
aiBOOg all the windows in the church for deatruction, and a 
window of the vnlgarest form suhistituted. Again, in a church 
soar Beading there were many beautiful remains nf naiuted glass 
of the beginning of the fmirteenth century, iu the heads of the 
window lighta, which I t*K>k much trouble to get tracings of. 
The churcn w;ia "restored," and they all diaappeared. 

The noble church of Cley-upon-Bea, in Norfolk, had. when I 
MW it three or four years back, an original roof of the fourteenth 
OMitary ; certainly much decayed. It has now, I hear, been re- 

E laced by one of the meanest and mo«t contemptible kind, not 
aviug the smallest reference to its ancient type. Wherever old 
froooOQft are fuund, the clergy set themselves especially against 
tlMin. In a church I wns myself engaged upon in Cheshire, the 
whole waJls were found covered with large figures and other deco- 
ntions of a most interesting character. Their destruction was 
dMTwd. I interfered, and threatened the builder's foreman with 
dkmina] if he carried out the sentence; but they cleverly al- 
lowed the question to go by default, and let them be destroyed by 
exposure to rain, while the roof was unw>vere<l. In another place, 
the gentleman who paid for the restoration set himself earnestly to 
lawanre a most rem.irkable fresco; but, while his back was 
larued, « workman, supposed to be bribed by another parishioner, 
chiselled it off. Even at Eton College, where the walls above the 
itslU were found to be covei-edwith two ranges of oil-paintings, 
in the manner of the Flemish school of the fifteenth century, the 
Fellows of the college had one whole range chiselled off from each 
tide of the chapel, and the ether range concealed by canopies 
which h.vl never existed on the old stalls. This act of Vandalism 
I saw myself being perpetrated. And so it is all through the 
oouutry ; the most interesting features of our old churches are 
b«ng weeded out through the carelessnaas, the prejudices, or the 
deliMrate barbarism of those who have to do with them. Nor 
on the architect iu all instances prevent this. I have now a 
•horch in hand where, an enlargement being necessary, I had 
anmnged it with special reference to preserving a curious frag- 
■leat of extreme antiquity ; but the builder, who could not con- 
eeive why no scrubby a bit should be retained, took it down, ask- 
ing no questions, and, in spite of my earnest remonstrance, has 
Eae on finding one bit after another of old work to be too 
r gone for retention, and has let the old wall-painting, for which 
tli« church was celebrated, perish from exposure ; indeed, having 
BO clerk of the works, I was obliged to threaten the buiUier with 
extreme severity to induce him tn spare anything at all. The 
^ct is, that unless one is always at the 8(>ot, or has there a repre- 
•entative imbued with the right feeling, there is little chance for 
• building when onoo any portion has to lie rebuilt; and some- 
timea, I fear, when the architect is on the spot, he does much the 
Mme thing, and perhaps even avails himself of his proximity to 
pnm with the greater success his anti-conservative suggestions 
and arguments. I will here oiler a few suggestions which may 
poesibly be of some utility. 

1. I have found it in some degree useful to have a code of rules 
and suggestions drawn out and litho-^^phed, for the guidance of 
clerks of the works and builders who are engaged in restorations. 
1 take the liberty of laying one of these pa^jcrs on the table, but 
will tnenlion that they are of little use, unless constantly pressed 
penonally upon the attention of the parties concerned. 

S. The great enemies to careful restoration are contracts. The 
bwt course would be to carry them out by day-work, feeling one's 
way iu the most timid and careful nuitmer, and always striving 
lo do as little as is practicalile. Wtieu contracts are ueoesaary, a 
Mriee of small contracts is better than one general one. 

3. It is highly desirable to avoid uncovering a roof all at onoe. 
WTbeo re-roofing or re-covering the roofs is necessary, it is best 
to do it in small parts, and keep the rain out by temporary expe- 
dients as you go on. 

4. It ia often the case that the ext«rior of window tracery is 
I bopeleaaly destroyed, while the internal half remains sound. In 
F saob catue* I hold the proper course to be the renewal of the outer 

/ half aloue, iitLnhing the new work by plugs and cement. We 

^^^ thus ratlin one-half in its original form, and insure the correct- 
^^^L beiw of the other half. 

^^V 6. Patching and piecing, if done carefully, are infinitely p>re- 
F lerable to more wholesale renewal. The various cements which 

I we have at our command enable us to introduce the smallest 

^^K nieces into decayed or mutilated mouldings, which was formerly 
^^B impracticsable. Where the injury, however, is unimportant, it is 
^^^ better to leave it antouuhea. 



6. Never trust a clerk of the works or any unpractised hand, to 
obtain the sections of mouMiuga, or the forms of other features to 
be restored, it is often diificult enough to persons whose ey.c» 
and who.se instincts have been sharpened by the habit of studying 
ancient features thi-ough a long series of years; to those who have 
had no such advantage, it is simply impossible, and one need not 
be astonished to find them, even with nearly perfect copies before 
them, producing forms scarcely resembling the original at all. I 
have often known them, even when they have passed a saw-curf 
(according to their somewhat barbarous custom) through a mould- 
ing, and ruled off its section, produce a result totally at variance 
with tlie did moulding. 

7. Where au ancient feature has been destroyed, never attempt 
its restoration till the f^>arts round where the original existed have 
been thoroughly opened out and explored, and, where possible, 
in your own presence. Old fragments are in such cases nearly 
always discovered, and usually in great abundance and near their 
proper sites. 

Thus, fragmeuts of a destroyer! window are usually found in the 
wall which blocks up or surrounds the old opening. Blocked up 
niches, seililiie, or piseinre, commonly contain each their own 
debris. (Jfteu, however, these are not quite sufficient to perfect a 
design, and the skill of the architect is taxed to the very utmost 
to judge what the rest would be. This resembles the lalwurs of 
the paTn^utologist, who reconstructs the skeleton and the animal 
from a few broken bonea; and, as in his case, the work is impoa- 
sibJB to any but one thoroughly ao^uainted with his subject 

This is, indeed, a most im^Kirtant branch of the subject, and is 
by far the most interesting and cheering phaae in restomtion, Iu 
the hands of an experienced and painstaking restorer, it often 
happens that a design which bad been almost utterly lost is in a 
very great measure rec\>vered; bat thia can only be done by long 
and patient study of the fragments discovered; and the work 
should be indefinitely postponed, until these can be thoroughly 
explored and thoroughly studied. Too much stress cannot jKiSsi- 
bly be laid upon thia. It is the very pith and marrow of restora- 
tion. If neglected it is destructive to the work, though if carried 
out fully it is the great redeeming fact which compensates for 
many of the annoyanoes which restoration involve. 

In such cases all the fragments which can be by any means 
grafted into the restored work, should be brought iu at whatever 
cost. In difficult cases let the architect stick to it hard and fast, 
until his difficulty is solved; and let him set as lightly as possible 
by the conjectural theories which, one by one, occur to him, for 
he may almost de)iend upon it thai they are wrong. With the 
single exception of Professor Willis, I never met with a man 
who could make guesses on which a moment's reliance could be 
placed. He does so simply because he has a wonderful intuitive 
power of putting together evidence in his mind, which few pos- 
sess, and still more because he never makes a guess until he has 
collected and thoroughly weighed his evidence. He has swarms 
of imiuton whose practice is the %ery revei-se, To begin with, 
they only half understand their subject, and thoy build upon this 
defective foundation a superstructure of guesses running ahead of 
the evidence, and adhered to religiously after proof has been found 
of their fallacy. 

To those who have not such intuitive perceptions, the only 
course is not to guess at all, or to set so loosely by your theories, 
that they may, one by one, go to the winds without a moment's 
regret, as fast as adverse evidence presents itself I remember 
once investigating the design of a very much altei-ed and mutilated 
window, when, after constructing a most satisfactory theory, a 
little bit of evidence turned up, which not only let it all down 
with a run, but involved the whole question ia new obscurity. 
An excellent young assistant who was with me, exclaimed, in a 
fit of impatient vexation, that l>e wished to goodness we had not 
found that naaty feature, for it had spoiled all our work. I 
replied, *' Never regret evidence, however vexatious; for depend 
upon it, it must lead to a right conclusion, or, at least, prevent 
wrong ones." However, I could not at the time see my way 
through it; but some time afterwards, while away, a new thought 
occurred, and I went back and told my assistant, that if, on cut- 
ting into the wall at a certain point, he found a certain feature, I 
could unravel the whole mystery. This was searched for, and 
found, and the whole of the evidence at once fell into its place; 
and the only remaining wonder was, how we could have been so 
stupid as not to think of so obvious a thing before. At other 
times, however, the result is so completely different from what we 
could possibly have anticipated, t.ba.t QUft % ^^\i<i«t -WbVhtfss S»,Vtf<^ 
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one conld have ever been so conceited aa to venture upon anj 
coDJecturea at all. 

NothiuR can be more delightful and instructive than this clasa 
of investigation. One Bomutimefl finda objecta of the greatest 
interest^ and unfolds designs of the greatest beauty and ori^nality, 
of which not a trace was before visible. Were it not for this, the 
vrork of restoration would he almost unmitigatedly painful, from 
having constjxntly to meddle with and to replace genuine but 
hopelessly decayed work: these discoveries, however, and the 
beauties thoy unfold, afford a delightful and consolatory com- 
pensation. / 

How doubly distressing, then, is it to see evidence of this kind 
discovered, but ignored and <le8troyed, without one hint being 
taken from them, as is too often the case ! 

After animadverting, however, upon our own misdeeds, I 

ink I may be excused in speakingsomewhat plainly as to the fear- 
fal l<^9of authentic work of the most precious, indeed of the most 
inegtiinable, value, which is going on throughout the length and 
breiuith cf that country which Ix^ts itself to have been the birth- 

Clace of Pointed architecture; and where, if that high claim can 
e establishetl, it follows, as a necessary conacquoiice, that every 
original fragment, and every authentic detail, or — more correctly 
speaking — the originality and the authenticity of every fragment 
and every detail, ahoiUd be guarded with a jealousy proportioned 
to their value as the moat tnistworthy and the most genuine illus- 
trations of the rise and development of that wonderful style of art. 
U is perfectly inexplicable to me, bow the very same persons 
can at one time bring cogent arguments to prove that their couotiy 
was the nursing mother of Mcdiajvai art, and at the nest ahonld 
deliberately, and without necessity, take down from her noblest 
architectural monuments original details of the most exquisite 
description which imagination can picture, and which have suffered 
comparatively little from time, and replace them by modem 
copies. Yet this is the course of proceeding going on from one end 
of France to the other — and that, not by one architect in particular, 
but, in a greater or leas <legrei', by ail ihe architects who are 
engaged in the restoration of the ancient mouumeula of France. 

In that country we have to applaud the generosity of the Uo- 
vemment in undertaking on so niunificent a scale the restoration 
of its ancient architectural remains. We have not, aa sometimes 
with ourselves, to lament the employment of persons of dubious 
capability ; for the works are generally in the hands of men of 
the greatest eminence, and of undoubted skill and kuowledgp; 
nor have we to complain of any wnnt of artistic power in the 
carrying out of the worka; for in this we must acknowledge our- 
selves to be in many cases surpassed. What we have to huuent, 
to deprecate, and to protest against is, that inexplicable absence 
of appreciation of the value of the authenticity and of the actual 
bond fide geuuiuenesa of old work, which leads them to reject 
tbout scruple or remorse the moat charming original work for 
icnue mere trlHlng defect, and to feel perfectly satisfied with a 
copy which, however skilful, must be lifeless from the very fact 
of its being a copy; and which, even if as good as the original, 
must be utterly devoid of the interest and historical value which 
attaches to it The extent to which this feeling, and the coui'se 
which results from it, extends itself is as lamentable as it is in- 
explicable, and absolutely threatens to replace half of the ancient 
monuments of the country by more copies of them. True it is 
that these copies are admirable in execution, and careful and 
studious in their oorrectuess; but who cares for a copy if he can 

fat the original? or who will ever look at the details of the 
'reuch cathedrals aa exponents of IVledi^eval art when they know 
them to have been executed in the nineteenth century? And it 
is not the exantples »>f Pointed arohitecture alone which are being 
thu.'f tampered with, hut even the curious Byzantine remains in 
Southern France, and the Classic monuments at Nisnies. When 
I was preparing, some time since, a lecture for the Royal Aca- 
demy on the rise of Pointed Architecture, I had a great desire to 
see a drawing of any capitals which might exist at Perigueux ; 
and, on making inquiry' of a friend who had iuat been there, he 
■aid, " Oh ! I could have got you one if I had known, for the old 
onM were lying about among the old materials." One hears a 
story of an American who, after looking at the new works always 
eoing on at the Colosseum, remarked with very just irony, " It'll 
be a very fine building when it's finished." And I learn from 
our excellent secretary, Mr. Lewis, that the very aame thing is 
going on now at the Amphitheatre at Nismea! 

Even Carcassonne, ao famous and so intereeting as a city, almost 
daterted before the close of the Middle Ages, and consequently a 



wonderfnl genuine specimen of a Mediteval city, ia, as I learn from 
Mr. Lewis, being renewed and made into a (no doubt very learned) 
model of that of which it was the dilapidated original ! 

A visit to the Hotel Cluny affords a practical commentary upon 
this system of restoration by renewiJ. We see there capitals 
from the Salute Cbapelle of nn exquisite subtlety of oonoeptioo 
and sculpture, such aa to bid dedance to any one who would 
think of transferring their spirit to a copy ; and yet thrown aside 
and laid on the grass-plot, in all weathers, though to the casual 
observer almost as perfect as if new: one sees there the real angels 
whose counterfeits blow the trumpets of the Resurrection over 
the great portid of Notre Dame : one sees the central pillar of 
one of the same portals looking nearly a« well-conditioned as its 
moflern aupplantcr: one sees also balusters from the parapets of 
the Sainte Chapelle as good as new; and many other exquisite 
details rejected from the restored edifices, one knows not why. 
The atoneyarda near many cathedrala tell the same story; indeed, 
wherever a great restoration ia going on, you may see the genuine 
cJd details, often scarcely corroded by time, lying in rejected and 
neglected heaps hard by. 

Now let me ask, in the name of good sense and good feeling, 
why the great learning, skill, and judgment of the often illustri- 
ous architect to these w^orks is not rather directed to the conser- 
vation in situ of every fragment of the noble architecture which 
they understand so thoroughly, rather than to its supplnntment 
to make way for mere copies, which, however admirable, possess 
no real value as genuine exponents of the style? If they would 
take the contrary course, I can aver witliout fear of contradiction, 
from the talent and learning they display, that their works would 
be worthy objects of the pride of their own countrymen and of 
the gratitude and admiration of every lover of Mediieval art, in- 
stead of being, as now, causes of regret and disappointment to all? 
But, it may be asked, what business is this of ours? Why do we 
not correct our own errors, and leave architects of other countries 
to do as they like? I reply, that the French architect and art>- 
histori.'ins, by showing (whether we fully admit it or no) that 
theirs ia the mother country of Gothic architecture, have thereby 
made its production the property of Europe and of the world; 
and that, on their own showing, all lovers of Gothic architecture 
have an almost equal claim upon them for their authenticity and 
their conservation. 

I have dwelt so long upon the principal heads of my subject 
that I must but slightly touch upon tliat which remains: I mean 
the preservation of the miscoUanooua remnants of antiquity which 
form my third class. 

These are, more than any other, subjected to the constant in- 
roads of Vandalism. Even the reverend conservators of our cathe- 
drals care little for the fragmentary remains by which they are sur- 
rounded; and often rather wonder at the weakness of those who 
lift up their voices in their favour. The very same men who taka 
an enlightene<l interest in the preservation of every portion of the 
church, cannot be brought to care about the equally interesting 
though simpler structures, whose vestiges are intermingled with 
their own residentiary houses; and would have no scruple in 
destroying the most ijiteresting antiquities to provide for some 
pasi^iing matter of convenience. 

At Worcester it is only a few months since the ancient Gnesten 
Hall was threatened with destruction. Al Ely the huge Abbey 
Bam waa destroyed only a few years back; and nearly everj' where 
the same spirit may be found to be at work. It ia the duty of an 
Institute like this to protest against it, as they have lately to their 
honour done in several kindretl cases. 

One can hardly expect better things of a town council, when 
chapters of calhe<.lnils set the example; but one nnist, in passing, 
protest against the deliberate barbaritim which has within a few 
years destroyed the curious old town-halls of Hei-eford and Leo- 
minster. 

Our country villages, and the country itself, are full of small 
fingmects of ancient architecture, often not of very early date, but 
of most valuable character, and which are every day threatened 
by the baud of innovation. I refer not only to works of high an- 
tiquity, but to timber houses, old brick (or other) chimney shafts, 
old gable-houses of stone or brick, and a thousand other fragments 
of old buildings, which add so much to the character of our vil- 
lages, &C., and are also so suggestive for rural architecture. These 
ought to be jealously preserved and watched by those who have 
it in their power to do so. Village and churcnyard crosses, the 
remains of old domestic architecture in our towns and cities, old 
manor-houses, hospitals, schools, colleges, &c. &&, and a thousand 
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other danes of bnilding, demand equal care; and, last of all, I 
would mention old bridges, which are far more numerous than one 
would sappose, and whioh are less seen than most claaaes of anti- 
quities, from the fact that we paaa omt, and therefore cannot get a 
riew of them. Theae have very frequently been preaerved intact 
on one side, and widened on the other: a process one cannot object 
V>, as the roadway which they provide is usually too narrow for 
our present nses. Though not great engineering works, they have 
a noble character, and occa'^ioDally attain to conaiderabie span — 
as in the case of one at Durham, which approaches 100 feet. 
Amusingly enough, a modern engineer, in widening it by an arch 
of the same span, has failed in making his work stand so well as 
the old one. 

I have however made my pap>er far too long, and must sum up 
briefly, as follows: — 

I. Our old architectural monuments are of the utmost value and 
intereat to us as Englishmen and as architects; and their conserva- 
tiOB is a matter of vital importance. 

IL What with neglect. Vandalism, natural decay, and ill-judged 
IWBtorations, the existence, the integrity, or authenticity of theae 
invaluable remains is threatened from all sides^ and fearful in- 
roads upon them are every year being made. 

And finally, it is the paramount duty of an institution such as 
ours — the only one of a permanent character by which architec- 
ture is represented — to take the initiative in laying down, in con- 
janction with other architectural and antiquarian societies, a code 
of rules for the treatment of buildings reqairiog restoration; 
and to take such measures a-s their united wisdom may suggest to 
.promote the true, faithful and authentic conservation of these 
monuments and remains. 

In conclusion then, I beg to propose that a standing committee 
be appointed for this purpose; and that they be empowered to act 
in conjunction and to communicate with other sociiJties, with a 
«iew to secure their co-operation in carrying out this most impor- 
tant object. 



THE STATICS OF BRIDGES.* 
III. — The Sutpention Chain. 

TBB chuQ .\nd the arch have so much in common, that the 

stady of either furnishes considerable light as to the properties of 

the other. Yet they presentsuch marked points of diffei-ence that 

«»cb must he separately examined. A comparison of results will 

labow that the law of equilibrium is essentially the same in the 

^two cases, and that the distinction lies in the mode of its opera- 

ItioD; the reaction of the arch arising from compression, and that of 

tb« chain from tension. 

If the true Line of Pressure of a wronght-iron arch -girder were 
determined — by a process which we have not yet brought for- 
ward; and if the girder were then turned upside down and em- 
ployed as a tension rib, the same Line of Pressure (iaverte<l) 
would apply, and all the forces of reaction and transverse strain 
would remain, changed in quality, but nearly unaltered in inten- 
sity and distribution. Here we have only tocon%'ert compression 
into tension, or vice verad, and the investigation of the one case 
applies equally well to the other. 

But in comparing an ordinary arch with an ordinary suspension 
ehain there is another point of dilTerence. The chain possesses the 
property of perfect flexibili ty; or (since even a girder is flexible) we 
may rather say that the chain is altogether devoid of rigidity. 
To the arch, on the other hand, more or less rigidity is easetltfeil. 

Tension leads the chain into the form adapted to the load, and 
causea it to settle in a position of stable equilibrium. Were the 
loaded chain inverted, so as to stand as an arch, the form remain- 
ing onolmnged, equilibrium would still exist, but it would now be 
instable instead of stable. An arch must therefore possess 
rigidity, since witliout this the compressive forces would at once 
cnpple it It would be neither capable of adjusting itself to the 
CTjrve of equilibrium, nor even of maintaining itself in such a 
curve under the slightest disturbance. Permanence of form, 
secnml by rigidity, becomes therefore necessjiry in the arch; and 
iU Line of Pressure is a purely theoretical curve, rather governed 
by than governing the constant an<l determinate form of Uiestruc- 
*'"*• y.'* ^^° common suspension chain, on the other hand, 
mutability of form is essential, all that is needed being simply 
to leave the chain free to adjust itself; and the Line of Pressure 
* Oontuued from pag* US, roL xxir. 



becomes no longer a mere theory, but the actual outline of the 
structure for the time being. 

The study of the catenary is in this respect less ideal and mor 
tangible than that of the arch. But although thus in a general 
way simpler to apprehend, it is beset with two pf*cuiiar dilhculties 
of detail. The first, that we have to consider the length as well 
aa the form of the chain. The second, that a disrigurement of the 
curve alters to some degree the distribution of the load. Neither 
of these difficulties attend the investigation of arches, bec.'iuse in 
them the form of the structure is constant and perfectly distinct 
from that of the Line of Pressure. 

These remarks will make it apparent why the chain demands i 
separate and special investigation. Upon this we now propose I 
enter, keeping the line of argument parallel, as far as practicable,'^ 
with that made use of when discussing the arch. And this even 
at the risk of some seeming repetition. 

It has been seen in a previous section that if as in Fig. 5 (vol. 
xxiv.page CI) a weight W be suspended from the junction of two 
bars or links, as AB and BE, opposite moments will be induced 
in the links, the tendency of which is to part the links at H and 
to draw in the piers P, Q, E<^nllibrium can only result when this 
tendency is effectually resiated. The I'csistauce or reaction 
causes horizontal strains at A, B, and E, which are accompanied 
with a tensile strain on the links. 

The link BE being free to turn at B and E, the tension must 
be in the direction of its length BE; and (neglecting the weight of 
the link itself) the tensions at B and £ must bo equal: both the^e 
suppositions being essential to the equilibrium which is assumed 
to exist. 

B«8olvo tlie tension at B into EB horizontal and ER vertical: 
then ER must be equal to that portion of the weight W which 
derives its support from BE; again, the reaction of the pier at E is 
equal to this tension and in an opposite direction, and resolvable 
into BR horizontal and RE vertical. 

There are thus acting at the points B and E a ooopio of vertical 
pressures and a couple of horizontal pressures. The vertical pres- 
sures have a leverage proportional to BR, and are each equal in 
amount to RE. Their movement (measured by BR X RE), is 
the movement resulting from the action of the portion of the 
weight W which derives its support from E tending to depress 
the link BE. The horizontal pressures produce a moment of 
reaction also measured by BR X RE, the leverage being pro- 
portional to RE, and the amount of each pressure being equii' 
to BR. 

By treating the pressures operating on the link AB in a similar 
way, it will be seen, that the horizontal strain at A is equal to that 
at B, and consequently equal to that at C. In other words, the 
horizontal strain is everywhere the same. And the amount of 
this horizontal strain must be such as to give a moment of reac- 
tion for either link opposite and equal to the moment induced in it 
by the load. 

These two principles, namely that the horizontal tension is 
everywhere the same, and that the moments of reaction are equal 
to the movements of the load, are of universal application, and 
govern the equilibrium of an assemblage of liuks, or of a chain, a»^ 
well as that of the simple arrangement tliat has just been ex- 
amined. This may be shown in more detail, as follows. 

In Fig. 28 a set of links, 1 2, 2 3, 3 4, and 4 .5, are shown, han£ 
Lag from the piers A and B, and connected with these pieii antfi 
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with each other by pins round which they may turn freelyia 
weights,''^ u';, u>„ and lD^, being hung from the pins S, 3, and 4: tha 
liuks are supposed to have settled in the position of equilibrium. 

This being the case, the tension of each link must be in the 
direction of itsown length. And since equilibrium exists in every 
part of the system, the pressures acting on the pin 2 must be in 
equilibrium. These pressures are three, namely, the opposing 
tensions of the links i 3 and 2 1, and the vertical pressure of the 
weight lOj. 

* Id thia ruo Uie linlu Are luppoMd ciiUtt u lutrlas no wvi^l, at ai baxui^ UulVl 
««igtil inoludwl in ««, u,, wAw^. 
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These presaarea must therefore be ns the fliiiea of the fcriatigla 
1 2 0, of which the sides 2 audO I are parallel to the liuka 2 3 
nud ;2 !, aod the remaining side 1 2 is vertical and of a length 
ropresenting the weight iPg. The lengths 20 and 1 will there- 
fi^i-e measure the action and reaction corresponding with the 
teuaioua of the links 2 3 and 21. In other words, the reaction of 
the link 2 1 is equal and opposite to the resultant of the action of 
the weight w^ and the tension of the link £3. Again, the pin 3 
must be in enuilibrium under the three pressures arising from 
the tensions of the links 3 2 and 3 4 and the action of the weight 
w.^ These three presanres must therefore be as the sides of a 
triangle drawn parallel to their directions. One side of this 
triangle we have already, for the reaction of the link 3 2 on the 
pin 3 miistt be equal and opposite to its action on the pin 2, and 
must thei*efore be represented in magnitude and direction by the 
line n 2. The other two sides are found by dmwinfj 3 through 
parallel to the link 34, and producing the vertical line 1 2 lo 
intersect 3 in a 23 will then be the triangle of preasurps: 
the tension of the link 3 4 will be me:i9ured by the aide 3 0, and the 
weight uTj by the side 23. 

In the same way, if the line 4 be drawn parallel to 4 5, meeting 
tho vertical line 1 i 3, protlnced in 4, 34 will repreaeat the weight 
vi„ and 40 the tension of the link 4 5. 

This diagram makes it clear that the horizontal strain is every- 
where the same; since the horizontal strain on any link is equal 
to that on the adjacent links. For instjvnce, the tension of the 
link 2 1 is measured by the line 1, equal and oppoitite to the 
resultant of the tension of 2 3 with the vertical pressure Wj. The 
tensions of 2 1 and 2 3 must therefore have the same horizontal 
element, the only difference l>eing in the vertical element, which 
(for 2 3) is increased by the weight to. 

Draw the horizontal line OH. Oil will represent the constant 
horizontal strain. 1 measures the action of the link 1 2 on the 
pier A, and is resolvable into IH (the portion of load burne by 
this pier) and HO (the horizontal strain); 4 measures the action 
of the link 5 4 on the pier B, composed of H4 (the portion of load 
borne by B) and OH (the horizontal strain.) The resultant of 
the reactions of the two piers is therefore 4 1, equal and opposite 
to the downward pressure of the load. 

itesolving 2 into OH and H2, and 3 into HO and 3H, it will 
be a«ea that the weight (o, (=r 2 3 in the diagram of pressures), 
at the lowest point, is supported partly by the vertical action H2 
of the link 3 2, and partly by the vertical action 3H of the link 
3 4. 

The diagram of pressures proves that the strain on each link is 
the reault'int of the whole weigljt supportwl by it (me.isured 
from H where the load di^ndes) ami the horizontal strain. 

The portion of load supported from the pier A and carried 
by th« links 1 2 and 2 3 hns a downward monient about A, which 
is ooQOteracted, as was seen in the simple ca^w of the two links in 
Fig. 5, by the resistance of ths links to ejcten^ion and the 
horizontal reaction of the pier. It is this which causes the hori- 
zontal strain. The horizontal strain must therefore be joat suf- 
ficient to irive a moment of reaction equal to the moment of the 
portion of load hanging from A. 

Thia moment of reaction is equal to the horizontal strain HO 
multiplied by the leverage or rise from 3 to 1, which is the same 
as the line 3c in Fig. 29. 
If therefore 1 ii, iii. iv. 5 
in Fig. 29 l)e the curve of 
momeutM, Hu X 3c must 
b« equal to iii. c. 

Again, since 1 2 is Id 
equilibrium, the reaction- 
ary moment of this link 
must be eqnal to the mo- 
ment of the correspond- 
ing portion of the load. 
This reactionary moment 
is equal to HO multiplied into the leverage 26. Therefore HO X 
ih must be equal to ii. b. In the same way it may be shown 
that HO X 44 must be equal to iv. d. 

In fine, the ordinates of the curve of equilibrium are propor- 
tional to the ordinates of the curve of moments, the constant pro- 
portion determining the amount of horizontal strain. 

The simplicity of this result is due to the constancy of the hori- 
zontal strain. The strain on every link being resolvable into the 
weight supported and the horizi^utal strain, the fonuer enters into 
/Ae zootuffnt ofactioa of the load (as found by the process given 
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in .Section I.), leaving the latter alone to enter into the moment of 
reaetum. 

The equilibrium of a loaded chain depends on the same princi- 
ples aa the equilibrium of an assemblage of links such as shown 
in Fig. 28. The number of links may be conceived to be indefi- 
nitely increased, and the length of each link indefinitely reduced, 
the weights ir^, w^ and tc^ being correspondingly divided and 
distribute*!, until the curve of moments, instead ofoonslsting of a 
few straight lines, becomes as nearly as possible a curve in the 
usual sense of the word: but it will still hold good that the ordi- 
nates of the curve of the chain are proportional to those of the 
curve of momenta, and that the horizontal tension Is everywhere 
eqnal. 

Take for instance a loaded chain or cord AQPB (Fig. 30), and 
let Kqp^ be the curve of moments of the loaid. Take any two 
points (as Q and P) in the chain, and let V^Q and VP be the direc- 
tions of tension at Q and P. I^et W be the load distributed over 
the chain from Q to P, the centre of gravity of W being some- 
where in tlio vertical line GV. 

The portion of chain QF is then in eqatlibrium under the fol- 
lowing pressures: — 

I. The tensittns at Q .ind P, in the directions VQ and VP. 

II. The vertical pressure W, which, as it affects P and Q (with- 
out reference to the form assumed by the intermediate cli&in), 
may be considered as acting in the vertical line GV, paaaing 
through the centre of gravity. 

There are therefore three pressures in equilibrium, namely, the 
tensions at Q an.l P, and W. Their directions VQ, VP and GV 
must therefore (as drawn) meet in one point V. 

Construct the triangle POQ to the scale of weights adopted for ' 
the curve of momenta, having the aide QP vertical and of a length 
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representing W, and the sides PO and OQ parallel to VP and 
VQ. PO mast then be the measure of the tension at P, and OQ 
the measure of the tension atQ. 

The horizontsl elements of the tensions at Q and P must there- 
fore lie of equal amount, as will be seen at once on drawing the 
horizontal line OH, which is the measure of horizontal pressure ia 
the tri.\ngle POQ. 

This prtives that the horizontal tension at any two points in the 
chain AQPB is the same; or in other words, that the horizontal 
tension is everywhere eriual. It also shows that the tension at 
any point, as at Q, is equal to the resultant of the horizontid 
tension HO and the supported weight QH. 

The same reasoning as was employed in the case of the assem- 
blage of links (Figs. 28 and 29), may be applied to show that HO 
X Qn (the ordinate of Q) is equal to qn (the corresponding 
ordinate of the curve of moments;: that HO X P"" ia equal to pm; 
and generally, that the ortlinates of the curve of equilibrium 
are proportiouiil to the corresponding ordinates of the cnrre of 
moments. 

Draw the tangents QT ami qt, forming the angles QTW, qtW, 
with the horizontal line, it follows from the constant proportion 
which we have shown to subsist between the ordinates of the two 
curves, that HO+Un of QTW = tan of qiW. But (from the 
known properties of the curve of moments) tan of 7/W is equal 
to the load supported at Q (read otf on the vertical scale for 
weights and moments), or to QH ; 

.-. HO XtanQTW = QH, 



or tan QTW = 



05 

HO 



tan HOQ. 



Therefore, QT must be parallel to OQ, and consequently coincide! 
with QV. 

In other words (what is almost self-evident) the tension at 
any point is in the direction of the tangent of the curve of the 
chain; and QTW being the inclination of this tangent to the 
horizon, the weight supported divided by the horizontal tension 
gives the tangent of QTW. 

These are the general properties of the curves In which 
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loftded chains, (indnding in the load the weijfht of the chain 
itaelf,) iind their equilibrium. It is i-eadily seen that the chain 
wHl alwayi aa.iame tlie profier corve, or resume it after any dis- 
torbauce, because the e(]uilibrium of the cbaiu is idways stable. 
5*nppi>se the moment of the load supported by the portion 
AQ of the chain (Fig. 3(i) to prepomlerate, it would at once 
eaiue nn increase of the ordinate (jn (the leverage of the hori- 
tontnl Kir .Ml . Mild thus increase the moment of reaction. If, on 
the ' 1, the horizontal strain began to preponderate, it 

woul I 1 -ii itjj own leverage Qn and also increase An, and 

th«rel>y increase the moment of the load. The same applies to 
any other fuvrtof the chain, aa QR; here Rr is the leverage of the 
horizontal strain (being the diifereuce of the onlinates of R and 
Q), and the moment of QR is the difference of the moments of 
AR and AQ. 

The posiiion of the lowest point of a chain, or the point wbei-e 
the lavl divides, which is also the point of greatest moment, 
partly depends on the relative heights at which the ends of the 
chain are tixed. 

In Fig. 31. ACB is a chain, of which the ends A and B are on 
the wuno level AB ; and C is the lowest point. Draw the verti- 
cal line C'flv Then the moments of reaction of AC and BC are 
eqnaJ, since each is equal to Cnx (horizontal tension). Therefore 
the mom«>nt8 of action must be equal, or the moment of the loailsup- 
portKl by AC must be equal to the moment of the load supported 
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•»y BC. As aoon aa the centre of gra- 
vity of the load is found, the position 
of Crt can therefore be at once deter- 
mioed, in the .same way as if the load 
were carried by a beam. 

A'L"B' represents a chain, of which 
the end A' is on a tower fcpe/ than the 
«tul B', C bf ing the lowest point of the 
carve. In this case, C has two ordi- 
oates, C'« .ind Cm; C'nx (hori?-ontal 
strain) will be the moment of reaction 
for A'( ', and C'/nX (horizontal strain) 
will be t he moment of reaction for B'C, 
which thus exceeds the former by the difiercnce of level, mn, 
multiplied by the Horizontal Strain. 

The moment of the load supported by B'C roust therefore 
exceed the moment of the load supported by A'C by an amount 
equal to ran X (Horizontal Strain). It is plain that C must bo 
nearer to A' than if A' had been on the same level with h'. This 
change of position of C, of course, quite alters the curve of mo- 
ment«. The cise bears much resembbnce to that of a load on a 
girder, continuous over the pier B', and having the end at A' free. 

The altered curve of moments will, however, agree with the 
original curve in its second differential coethcients, which do not 
depend on the poaition of the vertex (or point of greatest mo- 
nsot), but on the horizontal rate of hading at each point. 

When the horizonud rale of loading is constant, the second 
differential coetBcient being also a constant, the curve of momenta 
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the cnrve of the chain must be parabolas; since integration 
twice performed will give for eitiier curve the equation of a para- 
bola. Thifi will be the case, whether the ends A and B are on the 
■ame lev««| nr not. 

We shall now endeavour to show how to apply these prin- 
ciples in practice, and lay down the curve of the chains of lui 



ordinary raspension-bridge under a given distribution of load; at 
the same time determining the oonstnnt amount of Horizontal 
Strain and the different degrees of tension at the several points. 

In Fig. 32, AOB is the curve of the chains of a suspension- 
bridge of 64 feel span, the intervals between the suspension rods 
being 8 feet. It is proposed to determine this curve, the hori- 
zontal tension, and the strains on the links, for a uuiformly dis- 
tributed load of 10 cwL per foot forward. The versed sine OM is 
7 feet. 

The points of suspension A and B being on a level, and the rate 
of loading being uniform, the point of greatest moment must be 
in the line MO, the ordinate drawn at the half span. From this 
line number the ends of the links 1, 2, 3, to 4 (at A) ; and r,2',3', 
to 4' at B. The total load on each of the 8 fcx^it sections of the 
platform will be 8 times 10 cwt, or 4 tons. Then compute the 
ordiuates for the curve of moments in the manner alre.idy shown 
in Section I. 

No. Weight. Agp«g.t, Weight. ^^'iJ^;S. 

0,1 4 4 64 

1.2 4 12 60 

2.3 4 20 48 

3.4 4 28 28 

To get the figures in the Aggregate Weight column for either 
half of the chain, work from zero forwards; to tiud the values 
of the Multipliers for Total Aloment, work back towards zero 
(or towards the centra of the chain). Then, the half interval 
being 4 feet, 4 times the mnltiplier will be the moment ex- 
pressed in Ums at 1 foot leverage at any renuired point. Thns, 
at 3, or 3', the moment is 4 X 26; at 2, or 2', the moment is 4x4S; 
at 0, the moment is 4X64, The ordinates of one-half of the 
curve of moments (which is in this case symmetrical), will there- 
fore be 4x64, 4X60, 4x48, 4x28, and 0. Choose a convenient 
scale for moments, and by it plot the ordinatea MO, di. and d'V, 
eii. and e'ii.', yiii. and yiii.' (the ordinates at 4 and 4' are each 
zero;) then 4 iii. ii. i. O i.' ii' iii' 4' is the curve of moments. 

The onliuates MO, rfl,&e. of the curve of equilibrium of the chain 
must be proportional to those of the curve of momeuts. It follows, 
that if the ordinates be shifted to such horizontal intervals aa to 
transform the curve of moments into a straight line, the curve of 
e<iuilibrium will become a straight line too. 

Take the straight line 4M4', equal (or proportional) to twice 
MO; M4 and M4' being each equal to MO, set up the ordinate 
MO equal to the greatest nnlinate of the curve of moments, and 
join the points 4, O and 4' by the straight lines 40 and 04'. On 
4M, measuring from 4, mark off 4rf, equal (or proportional) to 
the ordinate di. of the cur\-e of momenti, 4* equal to eii,, and 4/, 
eqnal to/iii. In the same way, measuring from 4', get the points 
rf', f', and/'. Then the ordiuates /iii., «ii., &c drawn through 
these points to the straight lines 40 or 04', will be equal to the 
ordiuates of the same names of the curve of moments. 404' is 
therefore the curve of momenta straightened out, nnd the curve 
of the chain becomes reduced to two straight lines on this dia- 
gKim. 

Now we have one ordinate of the curve of the chain, namely, 
its versed sine MO, which is 7 feet. On the central ordinate mea- 
sure off this length Mu, and draw the straight lines 40 and 04', 
cutting the other ordinates in the points 3, 2, 1, 1', 2', and 3'. 
404 will then represent the curve of equilibrium of the chain 
straightened out; and the lengths /3, e2, dl, d' V, e' 2', and/' 3', 
transferred to the equidistant ordinates on the first diagram, will 
give the truecui-ve 4, 3, 2, 1, 0, 1', 2', 3', 4'. 

In the preceding process, the curve of moments in the first dia- 
gram, and the same line straightened in the second diagnim, have 
been given, in order to make the reason of the whole thing clear. 
In actual practice, neither the one nor the other will be plotted, 
all that is necessary being to set the ordinates in the second dia- 
gram at such distances as will transform the curve of equilibrium 
into two straight lines. This is accomplished by making the dis- 
tances 4M, 4d, 4e, and 4/ proportional to the numbers 64, 60, 4^, 
and ivS, given by the table as Multipliers for Moments. Or, more 
simply, by making the intervals Md, de, e/, /4 proportional to 
the several Aggregate Weights 4, 12, 20, and 28 found in tlie 
third cvilumn of the table. 

It remains to determine the horizontal strain and tlie tension 
of the links. 

The greatest moment is 4x 64, or 256 tons. This moment exists 
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at the half-span, where the ordinate of the carve of the chain is 7 
feet. The horizontal strain must accordingly be such as when mul- 
tiplied bj 7 feet will give a moment of reaction equal to 256 tons. 

256 
Therefore, the horizontal strain is — ^ 36f tons. This has to 

be divided between the number of chains supporting the platform. 
li^ for instance, ther^ are two chains, one on each side of the road- 
way, the horizontal strain on each chain will be 18f tons. 

To find the tension of any link, draw the triangle having a 
vertical side W; a horizontal side T of a length representing the 
horizontal strain; and the other side t parallel to the link in 
question. The length t will represent the tension of the link. 

IS, the amount and distribution of the load being given as be- 
fore, the length of the chain were given instead of the versed sine, 
one or two trials would become necessary in order to determine 
Fio. ss. 
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the curve of equilibrium. In Fig. 33 a bridge is taken as an ex- 
ample, in which the load, and the manner of its distribution on 
the roadway RW is given, the position of the line MO of greatest 
moment found, and the length of chain from 4 to required to 
be equal to a stated length al. 

Take the line 4M4', setting up ordinates at 4,/, e, d, M, d', e'/', 
4', at the distances derived from the table of moments, in the same 
way as in the preceding case; the plotting of the line of moments 
being dispensed with. This position of the ordinates will have the 
effect of straightening out all the curves of equilibrium for chains 

Fig. 84. 




of different lengths, which will thus be represented in this dia- 
gram by straight lines converging from 4 and 4' to various poiuta 
in Mo, or in MO produced. 

Assume for the trial the point 0', and having drawn the straight 
lines 4 3" 2" 1" 0' 1"' 2"" 3"' 4', transfer the ordiuates/3;', e2", &c. 
to the equidistant ordinates on the elevation of the bridge, giv- 
ing a trial curve of equilibrium 4 3" 2" 1" 0' 1"' 2" 3"' 4'. 

On measuring this curve from 4 to 0', it is found to be equal to 
aJ", differing from the fixed length al by an error /'iL 



Draw the triangle afO', having for one side a/, and for anothe 
side aO", equal to the chord line 4 0'. Then by drawing the line A) 
parallel to fff (and producing oO' if necessary), form the similar 
triangle atO. Take the length oO thus determined as a chord to be 
swept from 4 to intersect MO in 0, which will give a corrected 
versed sine MO. Transfer this versed sine to the diagram for 
straightening, and draw to the point o thus found the straight 
lines 4 3 2 1 1' 2' 3* 4'. The ordinates being transferred will give 
on the elevation the curve 4 3 2 1 1' 2' 3* 4 . If the previous trial 
curve was not very far from the right length, this curve will be a 
very dose approximation. The process can be repeated if 
necessary. 

In the preceding cases, the distribution of the load has^ been 
supposed to be known. But sometimes this distribution will be 
so dependent upon the curve taken by the chains, that we do not 
possess an accurate knowledge of it at the outset This will be 
the case with a suspension bridge as far as the weights of the links 
of the chains (supposed to be included in the load) are cdtasidered. 
It is more appreciably shown in the catenary, or curve in which 
a chain hangs by its own weight alone; or in such a system of links 
of fixed lengtliB, weighted at their ends, as Fig. 28 exhibits. 

To take an instance. It is required to find the curve of equili- 
brium for a chain between the points A and B (f^g. 34) with a 
versed sine equal to MO; the chain being of uniform weight. 

The first step is to construct the diagram A. B^ Oi for a 
straightened line of equilibrium with a versed sine M^ O^ equal to 
MO, and working on the assumption that the horizontal distribu- 
tion of the weight is uniform. Transferring to the first figure the 
ordinates thus obtained, the dotted curve AOB is produced, 
(which is in this case a parabola,) as a first approximation to the 
required catenary. 

Measuring on this curve the several lengths of the arcs from 
ordinate to ordinate (which will not n uch differ from the lengths 
of the corresponding portions of the true catenary), take the 
lengthsteo found as the basis of a table of moments, from which 
construct the second triangle AgB^O] (the versed sine remaining 
the same), the ordinates in which, being transferred as in the 
previous instance, give rise to the full lined curve AOB, which 
will be very near to the required catenary. 

Since this curve exhibits the real distribution of weight more 
accurately than the parabola, it is a guide to the constructioQ of a 
more exact triangle for the line of equilibrium; and in this way 
the steps of approximation may be repeated as often as desirable. 
The limits of error will, however, rapidly narrow at every step. 
Thus in Fig. 34, the true catenary, if plotted, would probably not 
be easibly distinguishable from the full lined curve AOB, which 
is but the second step in approximation. 

The case would have been more difficult, or it may be more 
correct to say, more tedious, had the length of chain AOB been 
given, instead of the versed sine MO. The mode of approxima- 
tion just indicated would then have to be used alternately with 
that employed in the previous case, illustrated in Fig. 33. 

To recapitulate: a cnain, or a cord, or an assemblage of links 
free to turn at the points of connection, suspended between two 
points, and sustaining simply vertical pressures, seeks a position 
of stable equilibrium in which the moment of reaction gives rise 
to a constant horizontal strain. The tension will everywhere be 
in the direction of the tangent to the curve, and may be resolved 
into the weight supported and the horizontal strain. The ordi- 
nates of the curve of equilibrium will be proportional to the 
moments of the load; and the artifice of placing the ordinates at 
distances proportional to the partial momenta reduces the deter- 
mination of this curve to the drawing of two straight lines: thus 
rendering it practicable to solve by construction (either at once, 
or by a series of rapid approximations) all cases that can arise. 
The lowest |)oiut of the curve will be on the ordinate of greatest 
nioments, the position of which is governed l>otli by the distribu- 
tion of the load and by the relative levels of the points between 
which the chain is suspended. 

Note. — In a few impnissions of the foregoing article, the following 
ciTdrs have escaped cortvction: — 
Pag« 47, col. 2, liiiea 38, 89, for " movement," read " moment." 
„ „ „ line 54, for " movcmeot*," read " momeotD." 
„ 48, col. 1, line 31, for " 2, 3," read "U, 1." 
„ „ col. 2, line 14 from bottom, for "HO + tan," read "HOxtan." 
„ „ „ Uiie 4 from bottom, for "the iacliaation," read " the angle of incli- 
nation." 
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OPENING ADDRESS AT THE INSTITUTION OF 

CIVIL ENGINEERS. 

By Jons Hawkshaw, F.RS., Presklent. 

OssTTLEUEN, — I beg to thank you for the honour you hftve 
done me iu electing me to the office of President of tliisTustitu- 
tion. In umlertakiug the important duties it involves, I can wifely 
proiniee not to fail in their discharge from any wjint of interest 
in your proceedings, nor from any lack ot zeal for the advance- 
Qiout of the objects of the Institution. 

The profession of which we are members h.is from my earliest 
d*ys been an object of attachment to nie, and were I actuatetl by 
no other motivea,the lovo I bear to it wuuld prevent me becoming 
lukewiirm to its interests. For my deficieuci^a I trust to your 
forbearance, and rely oa the help of the many friends I see 
•round me. 

It ia imjvsrtant to notice at the outwt, that the wide range of 
sobjecta which the profession of a civil engineer etnbiiicua ren- 
ders it jmpenitive on every metuber of it to av.iil himself of all 
the htdp he can obtain. He requirea the assiatance of many de- 
partinenLH of science and art, and must call into employment im- 
portant branches of muaufaoture. He can perform no great 
work without the aid of a great variety of workmen, and it is on 
their strength and skill, iis well n.<t(>u tlieiri^cieatiric direction, tliat 
the perfection of his work will tlepeod. The ^leraonal experience 
of one individual cannot fit him for the exigencies of a profession 
which id ever extending its range of subjects, and ia conatanllv 
dealing with new and complex piinnnnienn; phenomena which 
are all the more difficult to deal with from the fact that they are 
g^enerally surrounded by such variable circumstances as render 
tbem incapable of being subroitteil to precise measurement and 
calculation, or of being miuie amenable to the deductions of 
exitct science. Consequently, n(ithing is more certjtin than that 
be who wishes to reach the perfection of his art must avail 
himself of the experience of others, as well as of his own, and 
that be will not unfrequently find the sum of the whole little 
enough to guide him. And let no inventive genius suppose that 
his own tendencies or capabilities relieve him from this necessity. 
Tliere is, I believe, no such tliiui^ as discovery and invention, 
iu the sense which is sometimes attached to the words. Men do 
not suddenly discover new worlds, or invent new machines, or 
find new metala. Some indeed may be, and are, better fitted 
thnn others for such purpo.ses, but the pr<^cess of discovery is, 
aod Always has been, much the same. Thcr-e is nothing really 
worth havnng that man has obtained, that has not l^en the 
result of a combined and gradu.al process of investigation, A 
g^ted individual comes across some old footm.<irk, stumbles on 
• chain of previous research and inquiry. He meets, for iu- 

latanoe, with a mtichine, the result of much previous labour; 

^ke mi.xlities it, pulls it to pieces, constructs and reconstructs 
it, and by further trial and experiment he arrives at the long- 
songht-for result. 

While, however, it is necessary, if our progress is to be safe, 
that we should proceed with due caution, it is exhilarating to 

.notice, that in the matters to which our profession relates, pro- 
is more apparent than it is iu most other pursuits. The 
great range of objects which it embraces, and which seems ever 
extending, partly, no doubt, accounts for this. 

We are called upon to construct the great highways of nations, 
aod to build the steamboats that bridge the seas. We make the 
machiaes by which man aeeks to lighten Labour and to accumulate 

I ibrce, or to give to that force new directions. We build docks, 
harbours, and lighthouses, to receive, shelter, and warn the 
mariner; and, as if in conti'ast to works so useful and so humane, 
*itue of us are occupied in the warlike objects of defence and 
destruction. And at this day, young members can look back far 
enough to distiuguLsh the rapid progress that has been made in 
thoie matters to which the civil engineer has to devote his 
attention. 
Thus, it ia hardly thirty years since travelling began to be 

[transferred from common roads to railways. In the wmparatively 
short (M-rirxl that has since elapsed, in a less space of time than 
one generation of man, about seventy thousand miles of railwny 
have been made in dilTerent countries, at an outlay of about 
eleven hnudreti millions of pounds sterling, and involving an 

I amount of engineering works exceeding in magnitude and im- 
portance aU the previous eogiueering works ot the world put 
toother. 
In effecting this great change, English engineers have taken 



a prominent part, about one half of the vast outlay above re- 
ferred to having been expended under their direction, and they 
may, I think, feel a pardonable pride iu the great works which 
they have hei|>ed to construct, and which are destined to pro- 
duce an amount of beneficial ohaage and advancement in the 
habits and culture of mankind, which the most sanguine man of 
the present day will probably fail fully to estimate. 

Simultaneously with this change, and tending to the same ends, 
there has been the improvement of sieam navigation. 1 crossed 
the Atlantic in 1S3.'5, in what was then considered one of thi^ 
swiftest packets ; but in tho.se days the Atlantic packets depended 
wholly on sails, and the voyage occupied twenty d.iys. Many 
years have not elapsed since it was denied that steamers could 
cross the Atlantic at all. They do so now in nine days. The 
progress that has been made in steam navigjition in the last few 
veara ia truly remarkable, Thesteamlwals plying between Holy- 
liend and Dublin, which were then, na now, among the fastest 
afloat, had, ten years ago, attained a speed of seventeen miles an 
hour. Last year those boats were 8iif>erse<led by others, the 
Leinster, Muuster, Connaught, and Ulster, which attained on 
their tri.il trip a spee<l of twenty miles and a half per hour. 

<ireat progress has also been made in the appliciition of the 
screw-propeller to steamships, which for vessels of war and other 
purpose.^ possesses advantages over the paddle, though it has not 
hitherto accomplished an equal speed. 

In 184S, the fastest screw line-of-battle-fihip in the navy cotild 
not steam more than about seven and half kuot-s, or eight miles 
and two-thirds per hour, whereas the Warrior, though clothetl 
with an outer coat of iron armour four inches and a half thick, at 
her trial iu October l.ist i»ver the measured mile in SU>kes Bay, 
attained an average speed of 14'3.JG kuots, or IC .533 miles per 
hour, beating the Howe, which previously had attained the 
highest tri.il speed of any of Her Alajesty's line-of-battle ships; 
the displacement, power, and speed of the two ships being as 
follows: — 



Name. 


DUpUiccwunt. 


inuunioi 
Uorw Power. 


Speed i»er bour. 
KbiiU. MUm. 


Warrior 


''^.'2 


... .=i4r,9 ... 


.. 1435(5 ... M5»!J 


Howe 


i'i7i) ... 


... 45-23 ... 


.. 13305 ... 15-1123 



Since IS48 the speed of this class of fchips has been nearly 
doubled. The build and construction of steamboats has also, 
during the same period, received much attention, and been greatly 
improved. 

Tbe doubts which prevailed until very lately, whether iron was 
the liest material for line-of-battle ships, seem now nearly dis- 
pelled, although the rapidity with which iron fouls will, unless 
some remeily can be devised, always be a source of trouble. The 
precise and best mode of constructing iron ships of war is still 
an interesting problem; and many improvements may still be 
expected in an art which is yet iu its infancy. Hitherto a large 
amount of wood has been combined with the iron. The Warrior 
has a thick lining of timber between the inner skin and the outer 
armour-plates. A material so soft as wood can hardly increase 
the capability to resist shot; and there seems great diUiculty in 
combining, to any good purpose, two materials differing so much 
iu strength and density. Besides which, wood rots, and is, iu 
ships especially, a perishable material. The probability is that 
iron will AU|>ersede the use of wood iu a still greater degree, aQ<l 
that, by the adoption of improve«l modes of construction, the 
whnle of the iron used in the structure of ships of war will be 
m.%de to add to the strength of the ship, as well as be useful for 
its defence. This is not the cj«c in the present mode of construc- 
tion. The armour-plates of the Warrior aild very little to the 
strength of that ship. There seems to be no good re.-uou why 
the upper and lower decks, and every portion of the hull of such 
vessels, should not be of iron. Greater strength would be thereby 
attained to resist diagonal and cross strains, and much greater 
longitudinal stiffness would be secured. Ships of war should be 
constructed practically, as far as it is possible, as if welded out 
of one piece of iron; and if they are ever to be used as rams, thia 
mode must be adopted, for it is evident that the present uiethoils 
of construction would be quite unsuiUnl for such a purpose. 

That war-steamers and other steamships can be maile stronger, 
and may be made to steam faster than they yet have been, there 
is no duubt. No oue can have taken the trouble to examine 
the present methods of building without seeing that it is easy 
to increase their strength without impairing their eflicieucy in 
other r«sp«ois. 



i 



52 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



\rtb. 1, Mi 



With regard to the spoed we ought to obtain, it is with steamers 
as with locomotive engines, & question just now of what velocity 
we can afford to pay for, rather than of what rapidity we can 
physically attain. There is uo doubt that the speed of either 
could he accelerated beyond any point j-et reached, and probably 
beyond any point that the nation at present could afford. The 
speed of steamboats and of railroads will have to be determined 
from time to time, and will vary with circumstances, with place 
and time, with the accumulation and distribution of wealth. 

For coat, after all, jpreatly if not rigidly regulates progress; 
whether it relate to civil, to military, or to naval afi'airs. A hun- 
dred years ago no nation could have aflordeii railways of fifty 
miles .in hour, nor steam-boats of twenty miles an hour. The 
reasons for this are obvious, though often overlooked, Ptissengere, 
for instauce, can aflbrd a higher rate of sjjeed than gooils and 
minerals; and some descriptions of merchandise rei|uire to travel 
faster than atoue, coals, &c. Again, some passengers can better 
atford to pay for speed than others. Even now it is only on certain 
liues that there are a sufficient number of passengers who are 
able to pay for express trains, and where consequently the ap- 
pointment of such trains can alone be justified. We have not 
yet, as it respects steamers (except for short distances) secured an 
eqiuil amount of passenger traffic; and until this be the case, they 
must be built and worked for passengers and cargo. Moreover, 
wherever time is an element of importance, the exigencies of trade 
ud the convenience of the public require frequent opportunities 
'travelling and of transport fi"om place to place. This circum- 
stance determines the number of pasaeiigera and weight of goods 
to be conveyed each journey from each place, and, combined with 
other circumstances, establishes a law which for the time being 
regulates the load on every railway, in every steam-boat, and 
along each line of communication. Thus, large and powerful as 
locomotive engines have become, they convey ou the London and 
North-Western aud Great Northern Kailways an average load of 
less than 70 tons of merchandise; and though the Lancashire and 
Yorkshire Railway has a hirger mileage of merchandise traffic 
than either, the average load, owing to the close proximity of 
towns, and the greater necessity for frequent trains, is only abont 
45 tons. The same principle applies to steam-boat traffic. 
Again, however superior for naval warfare a steam liue-of-b»ttlo 
bhip may be to one with sails, yet England, rich as she is, could 
not at the present day undertake to support a navy which should 
wholly dispense with the use of sails, which should move to and 
from and among her distant dependencies by the power of steam 
~3ne, and which consequently would always be dependent upon, 
ni therefore would always require to be supplied with a suf- 
ficiency of fuel. 

With respect to the speed of railways, there is at present an 
anomaly, which before long will require more attention than at 
present has been bestowed upon it. Thus, to make way for pas- 
senger-trains, gootls and mineral tniins which might move more 
slowly are in many cases hurried on, manifestly to the preven- 
tion of due economy. 

Besides, though I deem it possible that railways uUimately will 
be made for greater speeds than those at present adopted, I am 
of opinion that on some lines the companies have attained a rate 
of travelling which is in advance of their appointments in other 
respects — such as with the condition of their road, aud with the 
state of their finances. Ilailway companies already feel that 
eat speed demands larger expenditure up<^m their jiermaneut 
ny — their rolling stock — for t^legraphicsignalHng — aud for other 
matters, without which the continuance of such speeds becomes 
positively unsafe: and if the whole of the expenditure which great 
>eed thus entails upou companies were fairly met, it is question- 
ale whether the present speed of railways is not now, in many 

g, fully greater than csin he afforded. 
Oooda aud minerals on busy lines are, ther6 can be no doubt, 
carried at a speed which is neither demanded by the public 
nor is ecrmomical to the company; but which is often rendered 
unavoidable from the necessity of keeping out of the way of swift 
passenger trains, and by the difficulty of iuter[>olating goods 
and mineral trains among the fi^equent tiains of a large passenger 
traffic. 

But is there no remedy for this 7 The travelling public de- 
maud from railway com]>aniea the highest rate of sfieed they can 
exact; and that, as I have observed, is sometimes greater than 
the state of the road and otiier matters warrant. Would any 
good result from the introduction of Government interference 
A? r^ul»te speed ? 1 think uoL Such a measure might strike 



at the root of improvement, and the evil is one which will work 
its own cure, and for which a remedy may be provided in difTereot 
ways. 

it has been urged that the time of travelling between two points 
may be shortened as well by diminishing stoppages as by an in- 
crease of speed. But this mode of dealing with it again becomes 
a question of cost; for if local traffic is not to be neglected, dinun- 
iahing the number of stoppnges involves more trains, more ex- 
pense therefore; and the difficulty of applying this remedy will 
increase with the growth of tratHe. It may have to be met, in 
certain cases, by construetiug lines to carry goods and minerals 
onlv, at a slow speed; anil ultimately perhaps in other cases, at 
some future dav, by making railways to carry passenger* mainly, 
if not solely. 

In grouping engineering works we may class the electric tele- 
graph with railw.iya and steam-boats. All three are agents of 
intercommanication, and tend to the siime inifiortant ends. And 
while the vast importance of each cannot be overrated, the electric 
telegrnph is jierhaps, in the peculiarity of its operation, the most 
wondf>rfol of all. It w-is about the same time that the Liverpool 
and Manchester Railway was started that the minds of a few 
indtviiluals were first devoted to the subject of using electricity as 
amediurii of communication for messages. 

Messra. Cooke and Wheatsfc^ne's patents were taken out iu 
1837, but the first public telegraph was not established till 1839, 
wlii?n a communicatiuu was made by wire on the Great Western 
Railway bt)twe<^^n Loudon and Slough. Since that period, in this 
country alone, teleKrnphic communicatiou has been extended over 
about 1 1,50(1 miles; iu the rest of Europe, over about 100,000 
miles; and iu the American States, over about 48,000 miles; aud 
the total extent of telegraph at this moment cannot be leas than 
200,000 niilp.". On laml this most useful diwcovery has been 
uniformly aucces.slul. Like railways, it has grown (in England, 
by public support alone] into a great institution. 

Ocean telegra])hy has neen less fortunate in its results. Short 
lines across the narrow seas have been laid and maintained, but 
at a serious amount of coat. To some extent, no doubt, the failure 
of deep-sea telegraphs maybe attributed to ill-conceived arrange 
nieuts, and to faulty designs and workiuanship; but the very 
n:iture of such an undert.-ikiug as laying telegraph wires across 
the Atliintlc precludes the jKyssibility of acting on previously- 
acquired experience, and makes the retpiiaite experimental trial 
one of serious coat. 

The I'lbours of the late Commission appointed to inquire into 
this subject have made the necessary scientific conditions for form- 
ing a good ocean cable better, and perhaps sufficiently understood. 
But they leave the ultimate cost of maintaining a permanent and 
available communicntion across 3000 miles of ocean (as, in fact, 
the great attend.ant contingencies compelled them to leave it) a 
question for the future to decide. 

A communication with America once well established would 
call for nuniprnuii wires. To meet contingencios, ri.'ik of accidents, 
and stoppages, a single cable would hardly be sufficient. With 
ample provision in these respects, a commuuicKtion between the 
two countries could be maintained, but at a f'ost not at present 
admitting of adcnlation. There are some things physically 
practiaible, but which in a commercial aud monetary sense are 
for awhile unattainable, and thf- accomplishment of this great 
oVyect may therefore lie delayetl. It is to be hoped, however, 
that it will not be finally abandoned. 

Simultaneously with the rapid advance which has been made 
in the works to which I have referred, there lias also been great 
progress in another branch of engineering with which civil ea- 
gineers have latterly become connected. 

That new branch is gunnery. In a very few years, mainly 
in consequence of the labours of Sir William Armstrong and of 
Mr. Whitworth, the range of artillery has been doubled. Tlie 
weight of the gun in proportion to that of the projectile has 
been reduced to one-half, and the capacity for powder of the 
elongated as compared with the round shell has been more than 
doubled. This great advanwj in the destructive power of cannon 
has rendere<i most of our old fortifications useless. New fortifica- 
tions have therefore to be built, adapted to the longer range and 
greater destructive jKiwer of tlie new artillery. These fortifica- 
tions requu'e to be placed more in advance of the places to be 
defended, ami to be coustructetl with very superior powers of 
resifttauce to those wlticli hitherto proved suflicient. Tlie old 
walled towns, which were formidable enough in former days, 
would to-day, iu case of a »iege, afford little secarity to the iu- 
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InbiteDts who dwell within them; the old defences therefore 
have to be removed, and replaced, where oeceasary, with thuse 
wiitable to modem reqairements. 

e are clothing oar ahipa of war in iron mail, and it seems 
ible that iron in some eases will be largely used in modern 
fertificatioaa. Not that earthwork and stonework will cease to 
be OBefoL Tliea* are valuable for the staple of most forts, but 
Beithor of theui make good embrasures, and for that purpose iron 
•0era great advantages. Ey its use greater strength can be 
•eonnd at thoM points where power of resistance is specially 
wanted. By it* nse also the size, and consequently the exposure, 
tofllie embraaures will be diminished, and much greater facility 
'%» raven for working the guns and training them through larger 
aJuW 

There are some cases, however, in which forts may with ad- 
vantage be principally, if not wholly, built of iron. I hope to 
•■e that m.at«riai adopted for the superstructure of the large 
.aeafbrta at Spithead, the construction of the fonndatirvua for 
rliich has been intrusted to me. There can, I think, be no 
iBfRipenble difficulty in constnicting iron forts so as to be im- 
pceglMbU to aship'a battery, though in the absence of knowledge 
aa to what may be the ultimate powers of guns, it is not easy at 
pr—cnt toan'ive atsafecoDcluslons. The (Rfficulty of doing the 
I of this, viz. of buOtling ships so as to bo impregnable to the 
> of anch artillery as may and onght to be placed in the new 

will be a problem n«t so easily solved. 

No plated ship yet built could keep afloat under tlie fire of 

gxma throwing shots of 200 to 3<I0 lb. weight; and it seems difficult, 

> ease of ships which require buoyancy, aulEcienlly to increase 

tbioknesa of their armour-plates to keep pace with the pro- 

*Me advance in weight and size of the new cannon. 

Naval commanders rely a good deal, and perhaps up to a cer- 

[tain point correctly so, on the mobility of their ships; bat ships 

leannot be so efficient if, to prevent being struck, they be always 

I kept moving about. If never hit, they will of course receive no 

damage; but if ships are to resort to such manreuvres to avoid 

^the enemy's fire, they do not seem adapted to bring great actions 

to a speedy conclusion. And how are such manoeuvres to be 

nanaged with damaged rudders and disabled screws? Naval en- 

pgements will, in my opinion, be settled hereafter much as they 

lave been heretofore — the victory will l>e with the heaviest metal 

^and the greatest daring. And after the various discussions that 

bttve li<?eu raised on this point, fixed and floating batteries will l>e 

h to have their uses; and it ia, I think, a limited view of 

inn that leads to an undue exaltation of one over the 

«th«i. If land batteries are, as some have urged, so innocuous to 

^ips, why was Cronstodt not taken ? 

A ver}* important question, viz., the use of iron for ships and 

fbrtSi, and war purposes generally, is now undei-going the investi- 

oation of a committee specially appointed for the purpise, and 

— - to be hoped that theii* labours will lead to some im]x>rtant 

lu^ions. 

it respects the question of armour-plates, or of iron to be 

' naed for similar purposes, it would not seem that the hardest iron 

will prove the moat suitable, unless it be combined with the 

r attest toughness. The force of iiii[>act is in a sense infinite. 
boll cannot be arrested instauterin its flight. The thingstnick, 
or the ball that strikes, must, one or both, possess some elasticity 
or ductility; or, if not, one or both must go to pieces. Of course 
the object to attain, as it regards both ships and forts, will be to 
devise a structure that will best arrest the shot; but we have not 
yet arrived at the Wst mode of doing this. 

The uao of iron is extending on every side. Its manufacture 
is also, I am glad to say, improving. There was great room for 
its impr«ivemeut. Several prooea-ses for converting it largely into 
■teel, or into a metal approaching steel in character, are also now 
in use, and promise to afford an at tide at a moderate price double 
the strength of ordinary iron. These discoveries will tend still 
fiirther to extend the use of iron. 

Shiiuld it turn out that steel, or homogeneous iron as it is some- 
times termed, uniform in equality, and of double the strength of 
ordinary iron, can bo manuiiictured in large quantities at a mode- 
rate price, and can be esisily manipulateil; then, m-iny things 
that are now with difficulty accomplished will be greatly facili- 
tjtied, and some things which cannot be done at aU will be ren- 
der«<i riracticablet. 

Bridges of greater span could be constracted. Screw shafle, 
cimak-axies, and other parts of steam-engines at present of un- 
wkldj nze, would by its use be redu^ to more moderate 
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dimensions. There seems to be no limit to the size of guns, 
except that of the strength of the material, and the power of 
welding, forging, and handling them. Cannon, as we know, have 
already been greatly increased in power by adopting a superior 
material in their constrnction. Could we nit upon an inexpen- 
sive moiieof doubling the strength of iron, the advantages to all 
sorts of machinery might be equal to those that would flow from 
the discovery of a new metal, more valuable than iron has hitherto 
been. 

We are, I believe, in the infancy only of discoveries in the im- 
provement of the manufacture of steel and iron. Until lately, 
the nature of the demand for iron retarded rather than en- 
couraged improvements in its manufacture. Bailwaya consumed 
iron in vast quantities, and railway companies cared nothing 
about quality. They were driven to seek a tolerably good mate- 
rial for engine and carriage tyres, but as it respected the vast 
consumption in the shape of rails, they were implicitly guided 
by the lowest prices. As long as this system continued it suited 
the ironmaster to manufacture a cheap article in large quantities, 
and they therefore gave themselves no concern to establish a bet- 
ter state of things. But heavy engines, high speeds, and an 
enlarged traffic are gradually working a change. We are begin- 
ning to find that iron of the very best quality has hardly en- 
durance enough for rails or locomotive tires: that there is no 
economy in laying down rails which require taking up again in a 
year or two; and in short, that the increased strains arising from 
the accelerated motion of railways, steamboats, and machinery 
generally, are necessitating a better m.iterial. 

In marine steam engines, which have received much attention, 
and where great attempts have been made at perfection, [mddle- 
shafts, crank-axles, screws, and other portions have, as before in- 
timated, already attained an unwieldy size, and the vis inertia and 
weight of such masses of meUl are of themselves no slight im- 
pediment to the improvement of steam navigation, and would be 
greatly obviated by the use of a stronger material. 

Fortunately for this country, just at the time that the use of 
iron is extendinjj, and improvements in its manufacture are de- 
veloping, fresh discoveries are made of the raw material, and men 
seem to stumble, as it were by accident, on new fields of iron ore, 
in places where those mineral riches have laid dormant for oen- 
turies, to await a new era and another age, when ships like 
knights of old ai-e to go forth to battle in complete armour, and 
when the civil engineer has assumed the duties which devolved 
on the smith and armourer of former times. 

Having noticed soma of the advantages that may flow from a 
greatly improved quality of iron or a cheap manufacture of steel, 
or of A metal approaching steel in character, I may call attention 
to the groat facilities th;it have arisen from the use of iron cylin- 
ders in sinking and securing foundations. 

Before this invention, masonry built under water had to be per- 
formed by divers with helmetis, or by means of diving-bells. That 
mode of construction does not admit of the best work. The stones 
are laid without mortar, and dspend for their security on their 
large size, and on a good arrangement of bond. It is true that 
concrete work (which however i« inferior to masonry) could 
be built under water without either divers or diving-bells; by 
passing the concrete though the water to its destination in boxes 
or by means of shoots, and giving it the requisite form by 
casings of timber or iron. This mode of building has long beeo-J 
adopted on the shores of the Mediterranean, and the docks and' 
quay-walls at Genoa have been built in this manner. 

But the use of irrm cylinders not only admits of masonry or 
brickwork being built in mortar under water in any form, and 
with any bond, but enables the engineer to excavate under 
water and to examine the ground before be begins to build, 
and to proceed with his work with ,"ia much deliberation, method, 
and security, and almost with as little delay, when 70 or 80 feet 
below the water level, as ho can do on dry land. 

Hitherto this method has been mainly confined to the use of 
circular cylinders, sometimes used (as was done by Mr. Brunei in 
the oise of the SiUtash Bridge) as a means of building the requisite 
pier of subaqueous masonry, the iron being afVerwanls taken 
away, and sometimes to eu-nble the requisite piers of concrete, 
brickwork, and masonry to be executed, and by allowing the iron 
cylinders to remain afterwards to protect the interior work. In 
otlier cases, the cylinders themselves are used to support the 
incumbent weight, and they then act simply as piles. 

But it appears to me that this meth«d of building nuiy be ex- 
tended with advantage much farther than it has been. It is 

Vi 
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adapted to almost any form of pier, and might in certain cases be 
uaefullj applieil in building coQtinuous vralla; and I know of no 
syalem that is likely to afford greater help to the eugiueer. 

I have already said a few words on the progress of invention. 
This method of building is an illustration of the slow progress of 
really useful things. 

lu 1841 a patent was taken out for "improvements in the 
means of aud in the apparatus for building and working under 
water;" aud soon after the construction of the Rochester Bridge, 
where cylinders were sunk under air-pressure, an action was 
brought against Messrs. Fox and Henderson, the contractors for 
the bridge, for an infringement of that patent I happened to be 
engaged on that trial; and the fact was then brought to light, that 
many years before, the late Earl Dundonald (then Lord Coch- 
rane) had taken out a patent for a similar purpose, very perfect 
iu most of its details, for the drawings attached to Lord Cochrnue's 
patent showed an air-lock almost identical with tluit now in use, 
and contained all the requisite arrangements for success. Lord 
Cochrane proposed to use it for overcoming difficulties similar 
to those encountered in the execution of such works as the 
Thames Tunnel; he proposed in fact to excavate such works under 
air-pressure. 

This is another instance of the fertility of mind of that extra- 
ordinary man, who, great as he was as a sailor, would probably 
have been equally eminent as an engineer; and I here offer as a 
tribute to Lord Dundonald'a memory this recognition of his early 
attempts to introduce the important system to which I have just 
beeu referring. 

But we live in an age when men's minds turn to mechanical 
inquiries, and when probably they were never more fruitful in 
mechanical resources. It is almost needless to give examples of 
this fact. The k>oomotive engine is a familiar instance, and 
railway machinery generally affords many illustmtious. The 
lieautiful cotton -combing machine invented by Joshua Heiluvin, 
^f Alsace, which was fii-st used in the cotton manufactories to 
separate the fine from the coarse fibre, and has since been ap- 
plied to wool, flax, and silk, and which acts almost with the 
delicacy of touch of the human fingers, is another illustration. 
Scheut^s cjilculating-machine is another remarkable iustan(.e, 
and m-iuy other cases might be named. 

There is one subject, however, connected with mechaulcs which 
h."w hitherto beeu barren of result, about which men will occa- 
sionally occupy themselves, viz., the discovery of u new motive 
power. The steam-engine, however, remains the only tame giant 
that is usefully subject to the will of man. The little that has 
been done in the way of its improvement, since it left the hands 
of Watt, speaks volumes to the wigacity, industry, and un- 
tiring persevemnoe of that great man. 

The late Mr. Kennedy, of Ardwiek House, who was on intimate 
terms of personal friendship with Watt, on one of his hkst visits 
to Soho, asked him if he had discovered anything new in the 
steam-engine. " No," he replied, " I am devoting the remainder 
if my life to perfecting its details, and to ascertaining whether in 
ny respect 1 am wrong." What the labours of that life pro- 
duced we all know, aud the patient concentration of will on bia 
great object reminds one of Newton's similar labours in the per- 
fection of his theory of gravitation, and evinces iu the one case 
as in the other the truly great aud philosophical mind, which is 
capable not only of discerning the dawnings of a great truth, and 
of appreciating its magnitude, but also of patiently pursuing its 
evidences until the whole is made clear as noon-day. 

At present it seems improbable, so long aa motive power is to 
be obUiiuel through the intervention of heat, and until a cheaper 
fuel than coal can be f^>und, that the steam-engine will be super- 
seded by any other machine. Electric-magnetic machines are 
perhaps the least likely of all inventions to supersede the steam- 
engine. The consumption of a grain of zinc, ns I^Ir. Joule h:is 
shown, though much more costly than a grain of coal, does not 
produce more thou about one-eighth uf the same mechanical effect. 

It would not, however, be at all sitfe to predict that considerable 
improvements may not yet be mtide iu the steam-engine, or in 
engines to be worked by coal. The consumption of fuel in the 
beat steam-engines has been reduced to 2\ pounds of coals {^er 
horae-|>ower per hour ; but such an engine does not utilise one- 
tifth part of the absolute mechanical value of the coal consumed, 
aud HO long as this is the cuse it would be unwise to assume that 
we have attained the utmost limits of improvement. 

On another great branch of engineering, that of docks and 
harbours, I am not aware that much that is novel eiu be noticed. 



The progress of anch works is generally too slow to admit of 
much change in short periods of time. An interesting discus- 
sion on the subject of harbours took place during a preceding 
session of this Institution. A considerable portion of that debate 
turned on the question of how far such works should be made 
permanent in the first instance, and how far they should be con- 
structed so as to bring them into use with the greatest rapidity 
and at the smallest amount of cost, reckoning, of course, mi 
rebuilding them at a future period. This is one of those questions 
which it woidd be vain to discuss with any hope of coming to 
general conclusions. In its naked form (apart from the question 
of harbours) it is one of the most simple and elementary questions. 
For it would not be difficult to show that, if money alone be 
worthy of consideration, then, as it respects public bnildings of 
all sorts, the cheapest system would be to discard solidity and 
ornament, and to adopt structures of a more temporary chai:acter; 
the plan in t&ct which is always adopted in new couotrica. But 
wealthy nation.<«, like rich indivi<lual8, will spend more on them- 
selves and also more on their public works and buildings than the 
absolute wants of a nation demand, and the fact is that men are not 
governe<l by monetary considerations only, but alsob}' a sense of 
what is or is not appropriate. We have, however, some excep- 
tions to this rule. There ai-e, for iustance, the tattered and ragged 
margins of the Thames, where, in the greatest metropolis oithe 
wocid, mud banks swelter, and crAzy buildings reel and totter 
against each other, but which it is proposed at & somewhat late 
hour to remedy. 

Having thus touched apon the several points that occur to me 
as deserving of notice, I will conclude by remarking that no man 
can look back on the last twenty or thirty years without feeling 
that it has been the age of engineers aud mechanicians, The 
profession to which we belong has in that period of time done 
much to change the aspect of human affairs ; for what aeency 
during that period, single or combined, can be compared in its 
effects, or in its tendency towards the amelioration of the condi- 
tion of mankind, with the establishment of railroads, of the 
electric telegraph, and to the improvement in steam navigation I 
For in conatrucliug railways, telegraph*, and steam-boats, and 
their adjuncts, docks and harbours, and moulding and fashioning 
the face of the material universe to the wants of man, iu over- 
coming its barriers, overleaping its valleys, and spanning its seas, 
engineers annihilate both space and time, bring into juxtaposition 
nations and people, and accelerate beyond all numan expectation 
personal communication, and that interchange of ide.as which is 
all important to the advancement of civilization and knowledge. 

Distance and separation have led and will always lead to mis- 
apprehension and prejudice — to ignorance and mistrust — to 
rebellion and war ; and engineers may feel, when labouring on 
the great public works that facilitate the intercourse of nations, 
that they are not merely conquering physical difficulties, but thai 
they are also aiding in a great moral aud social work. 



LECTURES ON ARCHITECTURE AT THE ROYAL 
ACADEMY. 

The following, one of a series of lectures "On Architecture," was 
delivered by Professor SrnN'ET Smihke at the Itoyal Academy, 
on Thursday, the 9th nit — 

Lkcture I. 

R,VRLT in the seventeenth century an Italian writer, Teofilo 
(rallncciui, composed a treatise of some ingenuity and merit, "On 
the Errors of Architecture;" and certainly he succeeded iu bring- 
ing together a mass of architectural crroi-s (horrors I might say) 
so shocking as to reflect no small discredit on the practitioners of 
his day. That day, it ia true, was one of great darkness iu his 
ai-t. By an unfortunate accident it coincided with the date of the 

freateat activity, influence, aud wealth of the foll6wers of Iguutins 
■oyola; when churches and semiu&riee arose in great profusion 
over a large part of Christendom ; hence that era was then ami still 
rem.<un3 distinguished from all preceding aud succeediug times by 
the prevalence of perhaps the worst architecture that has yet been 
devised by humam ingenuity. Not that the Jesuit's style of 
architecture, as it has been called, may not be admitted to be 
sometimes picturesque and bold — so much so, indeed, aa to be 
occasionally most tb<iatrical in its effects; but so entirely were all 
the rules of composition, I should almost say of common sense, 
ignored and outraged — so entirely was the aolwr truthloltiess of 
otu' art disregarded — that I feel satisfied that I am con Qui ng my- 
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ttU to strict troth when I esy that to the society foanded by 
LoyoUour art owes indirectly more of ita degmdfttioa and decay 
than toanyoi' 1 or individual wlmtever. Ofcourse, Ido 

not impute ; to himself any influeDoe over the style 

^friuohtae buii'nujjs i i-eter to tended to propagate: I ouly regard 
Itim M the founder of a relij^iooa society, who became the uncon- 
aeiooa instruments of establishing a vicioiu school of architecture 
at a >-eiy nnfortuuate epoch of architectural activity. The author 
to ivhom 1 have above adverted had the great merit of seeing more 
dearly than his contemporaries the faults of coiilerapornry art; 
«kd he deaerves to be recorded among our worthies for his bold- 
neas in contending against the monstrous errors and abaurdilies 
that bad sprung up with a luxurious raukne»s and rapidity which 
are really remarkable. 

The very commencement of the sixteenth century, namely, the 
age of Bramante, of Ratfiiclle, of Peruzzi, and Ginlio Romano, 
wad, as I have on a former occasion shown, in many respects 
worthy of being reganied as the oulmiaatiug period of modern 
architecture; and the end of that same century saw tbe.irt, if not 
at its lowest ebb, at all events in a stale of deplorable impurity. 
It is an old remark that all e^-il is but the corruption of what is 
good; and it seems to be in the nature of a law that no sooner has a 
point of eicellenco l>een reached than a process of deterioration 
eommeuces. Fortunately, there would apjjear to be a co existent 
law of social adjustmeut; for no stxtner have we reached astate of 
apparently hopeless and helpless imbecility, than a glimpse of 
better things appears, to restore our hopes and to redress the 
balance. Ine course, in short, of most human affnir^ may be 
correctly represented in a diagram by a series of anticlinal lines, 
pernstent in their ever-varying irregularity. 

Such, at all events, appears to have been the coiime of our art. 
The great effort of the distinguished artists whom I have named 
appears to have been — first, to make themselves thoroughly 
acquainted with the principles which guided the architects of the 
great Classic period, and then to devise such departures frum the 
■^rle of that period (still, however, adhering to tlie principles on 
which that style was founded) aa would ennible them to arlapt 
their structures to the greatly altered habits, and to the new 
civilisation, of their own days. 

There can \ye little difference of opinion among us aa to the 
consummate genius auvl wonderful dexterity wiih which these 
modificatinus of the ancient manner were etlVcted. Perhaps one of 
the most prominent mo<leru modifications was the introduction of a 
re^lar fenestration, by which that e^ential feature, the window, 
was so treated as to render it a fertile source of beauty and 
interest. It is true evidences are abundant to prove that, what- 
ever may have been the case iu still earlier times, windows with 
architraves and other somewhat ornamental adjuncts of like 
nature were a recognised feature in Roman architecture; but I 
am aware of no ancieut building having its various floors marked 
by Quiform ranges of windows aa decorated features, such as we 
rfittd especially characterising the architecture of the lieimisaance. 

Another source of beauty, wholly unknown to Classic art — 
namely, the balustrade, is also due to the originality and inventive 
g«nias of the quutroceutists; and it is curious to note the avidity 
with which artists learnt to avail themeelvea of this novel and 
ingenious mode of turning so prosaic and utilitarian an object as 
a {mrapet into an ornament of great sealhetic value. 

The systematic superposition of several regular orders was 
another practice particularly affected in renascent architecture. 
It had, indeed, been suggested by the magnificent amphitheatres 
of the Romans, as well as by a rare instance or two of still earlier 
date, but was certainly not practised by that people generally, 
either in temples or in their domestic buildings, I have enume- 
rated some of the more prominent characteristics of Italian art, 
which stamped it with originality, and gave birth to a school as 
widely differing from the primitive, strictly chi,asical, school, as 
from the Mediieval school which it supplanted. 

3uoIiwa« architecture at the beginning of the sixteenth century 
in Itftly, then the instructress of Europe in the line arts, as well 
as in most other branches of intellectual culture. 

I have on a former occasion dwelt at sufficient length on the 
phases of our art down to this period — a period which, again 
adopting the language of a kindred science, may be regarded as an 
autictii^d axis. A. downward course here commences. It is an 
il task to record the weaknesses of men and the errors of 
ijut perhaps it is a useful one. Perhaps there may be 
»!» much advantage derived from inquiring how and why art 
decayed, as iu marking and admiring its growth and elevation. 



Such, at all oventa, is the task which I have this evening imposed 
on myself. 

To inquire why art decayed after it had arrived at a point of 
great excellence is, perhaps, equivalent to inquiring why geniusis 
erratic, why we are nustable in our judgment, and why human 
fancy is like the fabled bird of paradise, that exists only when on 
the wing. 

Had the men who followed the bright period to which I have 
adverted been plodders on the highwav of art, without soul or 
invention, and content to follow with painful ex.ictness the foot- 
steps of their predeceasors; we might, perhaps, have seen an age 
of good imitators, and of a level platitude; a race of tame 
trausmittors of the excellence of others, productive of a perpetual 
repetition of approved forms and established models. 

But very far otherwise was the case. Art, iu all its branches, 
throughout the sixteenth and even the seventeenth centuries, was 
iu a state of excitement and activity, Vaaari, writing in the 
middle of the sixteenth century, vaunted that such was the 
fecuudity of art and facility of execution in his time, that six pic- 
tures c<^uld then be painted within the time occupied by the 
previous generation of painters on a single picture. The simple- 
minded historian of art seems to have been nardly aware that his 
vaunt implied rather reproach than praise; although it is true he 
has elsewhere amused his rejulera by tlie anecdote of an eminent 
paijHer who, at his easel, when called to his meal, replied that he 
would come directly, '* for he had but one saint more to paint." 

The growth of public wealth and the progress of civilisation 
brought into existence hosts of artists and of patrons of art. 
Popes and potentates vied with each other in the patronage of it, 
and even kings would condescend to bid against each other for 
the corporal possesion and exclusive monopoly of some favonrite 
practitioner. 

The consequences of such excessive stimulus were obvious and 
inevitable. Prosperity begot reckless and careless extravagance, 
and extravagance led to a rapid deterioration. 

The real laburiousr artists of the fifteenth century wrought, no 
doubt, slowly an<l painfully — urged onwards not so much by a 
thought of lucre or applause, as by a deeply-felt love of theii" art; 
whilst the flattering crowd of artists who tilled the scene iu later 
times were the spoilt children of fortune: painting and carving 
and building with wonderful dexterity and readiness of executiou 
it is true, and with a wonderful facility of invention in devi- 
sing new 8hu|>es and fashions and fantastical combinations; 
but without that earnest, ardent, painstaking, and simple 
severity of study which had conducted their for^thers to real 
excellence. 

By way of illustrating the vast change that had taken place 
during the si.rteenth century, let us corap-^re the works of Bra- 
mante, who floarished at the beginning of that century, with 
those of Borromiui, who was born at the end of it. I have on a 
former occasion dwelt on the peculiar merits of Bramante. Hts 
was a pure, honest architecture, perfectly free from affectation 
and conceits of any kind whatever. His style appears to me to 
be all the more captivating from the very absence of all ad cap- 
tatidum contrivances, and all the more effective fix>m its manifest 
freedom from all seeking after effect. 

If we turn from him to Borromini, we shall be shocked to see 
what dev.ostatiou and corruption of taste had taken place during 
the one hundred intervening years. 

The oi>e sought to charm by his purely orchitectuiul feeling ; 
aiming, for the moat part, at those high qualities — order, sym- 
metry, and rythmical arrangement — which the great fattier of 
architecture, Vitruvius, had long before pointed to as the dis- 
tinguishing character of good architecture; whUst the other set 
at defiance all order and moderation. The one never feared to 
draw a atraigiit line, uidess the requirements of his work seemed 
to render a curved or a broken line preferable for some special 
purpose— -«nd surely a straight line seems to be, of all others, the 
line of architectural fitness, and therefore of beauty ; whereas, 
Borromiui must evidently have abhorred such a line above all 
things. He it was who, of all men, contributed moat to the in- 
troduction of that system of architectural design (if it can 
worthily lay oKaim to the dignity of a system) by which masonry 
lost its special character and its moat appi'opriate fonns. His 
fafades curved inwards or bulged outwards on their plan, as if 
made not of hard stone, but of some yielding and plastic sub- 
stance; and his pediments, totally forgetful of their primitive 
form, offered every variety of intricate convolution and distortion. 
Bnunontc called in the aid of sculpture with that charicc^a 
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aud cautioa which plainly iudicated how highly he appreciated 
its Qoble attributes aad fitting application ; and as if he feared 
to %TiJgarise it by too frequent a uae of it, or by excess of any 
kind. Yet, highly as he appreciated sculpture, he never per- 
ittcd it to encroach upon the proper limits of his own special 
Sculpture was used by him as an honoured accessory, well 
Hcalculated to stamp a moral value on his work, and to give it a 
grace beyond the reach of mere architecture. 

Borromini, on the other band, permitted sculpture to dominate 
over the main object of his art without restraint: his whole 
building was literally sculpturesque, and his masoury was left to 
the humbler duty of formiug a mere vehicle for the consolidation 
of some fantastic piece of day modelling. Such had been the 
downward progress of architecture during the period to which I 
have been a<lvertiug. 

It must not, however, be supposed that the transition was sud- 
den, or even rapid. The activity and energy of the sixteenth 
century were wonderful, and led to perpetual changes, and were 
constantly giving birth to novelties. New schools were founded, 
and eminent masters appeared in rapid succession, and of must 
opposite characters; — Sarsovino, with his superabundant wealth 
of sculptural resources; Palladio, with a moderation and purity 
of feeling far beyond his fellows ; Michael Angelo, whose length of 
life enabled him to see out most of the brightest lights of Italy, 
although he was himself a fellow-labourer with some of the 
earliest and ablest masters of the great Italian Iteuaissauce. Still, 
though the coune of architecture was an onward course, yel it 
was alao a descending course. The art lost its dignity, and be- 
came fri>'olouB and trifling. Every part of a building seemed to 
be, as it were, in restless movement ; curved lines were broken 
aud inverted; straight lines were perpetually interrupted or di- 
verted ; and all breadth was frittered away by a multitude of 
lights and shadows. 

It is worthy of note how great a sympathy haa always seemed 
to exist between our art and that of the sculptor. Whether dig- 
nified and severe, noble or mean, national or conventional, grand 
or grotesque, those two sister arts seem ever to have proceeded 
bond in hand; for ever sharing the same fate; rising together into 
greatness and sublimity, and together sinking into painful imbe- 
cility. Without going too far back into the history of art 
(although in remotest times the sympathy between the two arts 
WHS eminently conspicuous), we shall Hud the observation hold 
good in MedifBval art The culminating period of ecclesiastical 
architecture was precisely that which lias been eulogised by our 
Flaxmau as distinguished by high sculptural excellence. The 
quatrocentist introducers of modern art in both these branches 
shared like feelings, ami were remarkable for like excellences. 
The sculpture of Donatello, like the architecture of Alberti, was 
alike vigorous and original, and full of delicacy of feeling ; these 
high qualities being in both arts somewhat qualified, it is true, 
by & certain degree of hardness and rigidity. In Michael Angelo 
we tind the same colossal and masculiue breadth, whether we re- 
gard the examples be haa left us of his sculpture or of his archi- 
tecture. 

Then, coming down to the epoch that more particularly en- 
gages our attention this evening, we shall find the same debase- 
ment perv:uliug the two arts. I have already said that one of 
the matked chai-acteristics of the architecture of the seventeenth 
century was that of restless movement ; so aIm the sculpture of 
the seventeenth century exhibits, in an especial manner, the ab- 
sence of that tranquil dignity which is particularly becoming in 
sculpture, especially when applied as an accessory to architecture. 
A want of repose is almost equally offeusive in both the arts. 
The eye is fatigued and the attention distracted by an excessive 
flutter in the details, whether we contemplate a building or a 
group of sculpture. Bernini set the example, but Borromini 
went far beyond him in this vicious treatment of the sculptural 
aooessuries of their respective buildings. Indeed, one of the most 
repulsive faults of sculpture at this degenerate period was it« 
utter want of repoee, and the inordinate love of representing 
agitated drapery. 

It is said of Bernini, by Milizia, that, although he was himself 
far from a pattern of sobriety in this respect, he yet knew enough 
of his art to condemn the fault in others. Remarking on one 
occasion the extreme agitation of St. Veronica's clothing, under 
the dome of St. Peter's, he sarcastically inquired of the sculptor 
from whence the wind came that so seriously disturbed the vir- 
gin saint's drapery, seeing that she stood protected within the 
woUa of the edifice. The sctilptor, fortunately for him, had an 



HOSwer that effectually disconcerted the critic : — " The wind," be 
replied, " obviously came through the serious fissures in the ma- 
sonry of the dome, occasioned by the critic's (Bernini's) want of 
skill, in destroying the stability of the piers of that dome;" Ber- 
nini having shortly before somewhat rashly interfered with 
Michael Angelo's piers, by the insertion of colossal niches excavated 
out of the substance of those piers. Such were the mutual re- 
criminations of these two most eminent artists, who contributed 
so largely to the degradation of their art. I am confident that I 
am using no extravagant or inordinate expressions when I desig- 
nate the architectural .sculpture of the seventeenth century, in its 
treatment and mode of introduction, as ridiculous and absnrd. 
Their sculpture may probibly have been designed with boldness 
and vigour, and executed often with a masterly dexterity; cer- 
tainly we cannot justly charge it with tameness or insipidity. 
Its faults were, indeed, exactly the reverse. There is a grotesque 
energy, a violence of gesticulation, which is perhaps very true 
to nature, if we seek nature in the wLue-shops of the Campagna, 
or among the Lazzaroni of the Chiaja ; but the united voices of 
all cultivated artists will concur in condemning that style of na- 
ture as unfit for the study and imitation of sculptors. 

A painter may, with perfect propriety, impart whatever de- 
gree of violent action his subject may demand : bis pencil under- 
takes to realise to the eye actual scenes ; and, if intense action is 
to be represented, he is most successful who best realises on the 
canvas that intensity. The case is, as it appears to me, far other- 
wise with the sculptor's ajt; at lejist when it is applied as the 
accessorial embellishment of architecture. Statues io niches, or 
on balustnules, or otherwise fringing the sky-line of a building, 
must, 1 should think, be subdued both in attitude and in treat- 
ment. 

(To be contMHMd.) 



TO DETERMINE BY INSPECTION THE AMOUNT OF 

HEART- WOOD IN SLEEPEE BLOCKS, BEAilS, &c. 

By Thomas Cargiix, CJiL 

Is every specification attached to a contract for the delivery of 
sleeper-blocks, beams, or other timber intended fur engineering 
or archritectural purposes, one of the most important aauses is 
that which specihes the amount of heart-wood which the block 
or beam must possess in order to insure its being passed b)' the 
engineer or other person deputed to examine it; for it is oilcu- 
lat^d that a certain quantity of perfectly sound aud well-seasoned 
wood ought to be obtained out of every block, and it is evident 
this would not be the case should the timber contain more than 
the allowable proportion of sap-wood. 

It is a m.-itter then of some importance, and of considerable 
couveuieuce to the person in whose hands rests the respon- 
sibility of passing or rejecting timber, to be able to ascertain 
speedily and accurately whether the blocks under his examina- 
tion possess a sufficient amciuut of heart-wood to furnish good 
aud sound material for the purposes for which they are in- 
tendsd; and I propose giving a abort rule, by which anyone 
may calculate a table which will enable him to discover by simple 
inspection whether a piece of timber will give the quantity 
of heart-wood required by the specidcatiou. In any block of 
timber the heart wood is found disposed in a pretty uniformlj 
circular figure around an imaginary lice passing through the 
centre of the block, au<l which may be regarded as its longitudi- 
nal axis. This is shown in the diagram, which represents, to a 
scale of one-sixth, a section of a blocK of timber 13 inches by 14; 
the inscribed circle is intended to show the heart-wood, while the 
rest of the figure exterior to the circle represents the amount of 
sap-wooti which the block contains. Although my object at pre- 
sent is not to define, yet it may be well to mention that the sap- 
wood is that portion which is of the newest or most recent growth, 
and which, owing to the premature felling of the tree, not having 
had time (to use a common phrase) to acquire the consistency 
and close-graioed structure of the interior parts, is totally unfit 
for purposes of construction, but which would become heart- wood 
in the event of the tree remaining uufelled — in fact, were the 
tree permitteil to attain to maturity there would be scarcely any 
sap-wood at all. 

In the diagi*am let a, b, be the breadth and depth respectively 
of the block; d the diameter of the circular portion of heart- wood; 
and let n reprecent the proportion of siip-wood allowed in the 
specification. Now the total amoont of h»rt-wood will evidently 
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«qa&] tli« ilifference between the contents of the whole block and 
Ih© proportioD of sap-wood, =zab—nab—ab{l — n). Again, as the 
heart- wood lies wholly within the circular portion of the figure, 




the area of this circle ranst =aA(l— n), which gire3 ua the follow- 
ing equation: — 

J^ = aJ(l-n), 



IP of course being ratio of circle to diameter. 
tioo, and solving for d, we obtain 



d = 2^/ab 



xV^" 



Eeducing the eqna- 
(1) 



_ Ab the length of the piece of timber would bo common to both 
■ides of the equation, it would be superfluous to introduce it into 
the calcidation, more especially as it does not affect the use of 
ihe rule. 
In cases where a^b the equation becomes 



^=Vt-" 



(!) 



Aaa, b, and n are always known, it ia clear that a table could be 
ea^ly conatrncted for the corresponding values of d; and all 
that remains for the inspector of the timber to do is to lay hia 
mie across the centre of the block, and ascertain whether the 
a«ta.-vt afld calculated lengths of d coincide. Since n in the sane 
oonUact is generally constant, the calculations in the eqaa- 
tionii beeome very much aimpliOed, particularly in the equation (2) 
Ibr square blocks, which are the moat usual; for the value of 



^^ 



once determined, suffices for all the different values of 



a and b. 

Dublin, .r.^n. IT. lSf52- 



ST. JAMES' CATHOLIC RCfTOOLS, MAEYLEBONE 
LANE, UJNDON. 

{With an Engraving.) 
Tsvat scliools occupy a central position amid a large number 
of families of tlie working classes, for whose use the establish- 
ment is intende<J. Simple as are the main reauirementa of day 
schools, there ia on examination opportunity for much thought 
and labour in designing the general arrangement and various 
detailB to make up the necessary sum of space, light, ventilation, 
WMrming, easy access, due separation, couveuieuce for washing, 
depositing caps and cloaks, &c., that constitute a serviceable build- 
ing. In this instance, in order to leave an open playground to 
mrre as well for light and fresh air, the three schools for iuf/ints, 
girls, and boys, are disposed on three floors; the height thus 
neeMsit&ted is undesirable, but readily excused from the great 
■oarcity of hind. The staircases and offices, and two separate 
entrances, form one wing, all of fireproof construction. A con- 
siderable economy of space is gjvined by thecomp>act arrangement 
of the two staircases winding over each other in the same space. 
The teachers' rooms/cloak aud cap rooms, lavatories and latrines, 
all communicate with the different stairs; in the latter a careful 



construction of glazed stoneware, with a flushing apparatas, has 
been adopted to insure cleanliness. 

The style, in accord.<uice with the every day material used, 
is simple and structural, as our illastration shows: in this 
instance, it has been an object that on entering the building no 
feeling of disappointment should be the coniiequenoe of a forced 
contrast with too ambitious features in the exterior. 

The foundation stone of this building was laid on the first of 
November last, by the clergy of the church in Spaniah-plaoe. 
Canon Hunt officiated, assiatad by the Rev. Chaplains J. Rhing, 
Dr. Banns, and Edward Taylor, the manager of the schoob. 

The aocommo^lation is for six to seven hundred children. 
Mr. J, Boss is fitting the rooms with improved desks, &c. of 
American birch. The contractor, Mr. O. P. White, of Pimlico, 
has energetically carried on the works during the winter months, 
and with evident security. The architects are Messrs. Willson 
and Nicholl, of Marylebone-ioad, London. 



ON PHOTOGRAPHIC DISTORTION. 
By Robert H. Bow, C.E. 

" CHART DISTORTION," 

Plans and charts become worse than valueless when copied so 
as to have distorted scales; it is therefore a most important mat- 
ter to free the copying as much as possible from this defect 

Believing that this distortion exists to a much greater degree 
than is generally thought, and that the usual combinations for 
copying are not so perfect as they get credit for, I trust the so- 
ciety will excuse me for treating of the subject at considerable 
lengtli, although not so fully and completely as I could have de- 
sired; but the subject is new to me, the calculations somewhat 
tedious, and the aid to be obtained from the ordinary treatises on 
optics very doubtful indG'>d. The chief information and the 
higher researches ou tha action of lenses are confined to the pro> 
ductioD of the most perlVct image of an object seen under a very 
small angle of view, of which we may take the moon, or about 
half a degree, as the greatest; whereas what the photographer 
desires is an angle of 50 or 60 degrees^ or more if he can get it. 
The questions are so different that one of the first proceedings of 
the photographic optician is to turn the lens exactly the reverse 
way of that dii-ected by the astronomical mathematician, sacri- 
ficing fine definition at the centre of the picture for a more gene- 
rally distributed though far inferior excellence. 

The Origin of the Distortion. — If we were to take a copy of 
our chart by means of the rays passing through a pinhole, or by 
means of a very small lens of considerable focus, that copy would 
be free from the defect we are now considering: the various lines 
would bo more or less h.azy and indistinct, but their positions and 
distances would be everywhere correct, according to the scale of the 
centre. The want ot sharpness, however, in the best of such copies 
thus obtained, except when the size is very small compared with 
the length of focus of the lens, is so great, that we arc driven from 
this simple to more complex arrangements iu search of " flatness 
of field," orofsuch a condensing ofthe oblique and airau^ht pencils 
of light as to bring them all to their foci in the same puuie. 

The diagram. Fig. 1, exhibits the diflerent foci for some pencils 
of light all at the same very oblique angle, but- passing through 
different parts of the lens, and at once points out the use of a stop 
at SS, to cut or stop off all the raj's wliich come to the shorter 
foci; and this device of a stop is the principal step in all arrange- 
ments for obtaining flatness of field. 

Unfortunately the employment in this manner of a stop brings 
wiih it the evils of chart distortion ; thus in Fig. 2, let AJ = ID. 

The rays OA and 01, coming from an object beyond the stop, 
would give a correct projection on ths plane of AD; and therefore, 
in order that the image formed at PF may be conect, PR should 
bear the same proportion to RF which AI bears to ID, and it 
would do this approximately if the tangents of the angles of re- 
fraction were proportioned to the tangents of the angles of inci- 
dence, Le., if PP' to Rli' were aa AD to ID; but it Is the sines of 
the angles and not the tangents which .ire proportionate, the con- 
sequence is that PF compared with RF is too small, or the ray 
OAP is too much refracted to give an undistorted image. 

In calculating the distortions produced by the different lenses, 
and in comparing the effects producible by combining two lenses 
one ou either side of the same stop, it will greatly facilitate the 
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operations if we assume certain rays passing the stop at definite 
angles; and perhaps the rays shown in Fig. 2 are the most conve- 
nient for our purpose. The extreme ray is taken at thirty degrees 
with the axis of the lens, and the tangent to it, AD, is divided 
into four equal parts, so that the angles of the other rays are as 




torted like the centre) equal to unity, the actual values of PF, TF, 
RF, and QF, when compared with 1, 0-76, 0-fi, and 0-26 times this 
undistorted value, respectively, will indicate the amount of oon- 
tractiun which each has undergone. The ratio which mD bears 
to toD when the ray Om is infinitely near the axis is 

^•^ 2E 

where u =rindex of refraction, D = OD, T = D£, and B = radius 



Fio. 1. 



is given bT uing the central 
field " ia omednea hy placing 



IfoTB. — The more curved " field ' 
part of the lens alone: the flatter ' 
a (top at 8S. 

marked in the figure. Taking AD as the unit of our dimensions, 
KD will be = 0-75, ID = OS, and GD = 0-25, also the distance of 
the stop or OD will be =1*732. All the other dimensions, such as 
the radius of curvature, distance of object or image, &c., are to be 
referred to this same unit AD. All the lenses here considered are 
plano-convex. 

The Unit of Non-Distortion. — ^The amount of the distortion will 
diminish towards the centre of the picture, the tangents and sines 
becoming there more and more nearly equal, and at the centre the 
distortion will be zero. 

If we imagine a ray Om (Fig. 2) to be exceedingly near to the 
axis, then the ratio which toF bears to mD gives us a standard by 
which to calculate the amount of distortion produced upon any of 
the radii, such as DG, DI, DK, or DA ; and if we make the value 
which DA should possess in the picture at PF (if it were imdis< 
Table l.— Of Jtaultt of CaleulatioTU. 




Ksdini of 

Cmrature of Lens 

and its Distance 

OD from Stop. 


No. of lane 


11 


1 


i 


i 


Bad. = 3. 
OD = 1.732. 


1 
2 


0-8846 
0-1154 


0-6994 
0-0506 


0-4850 
0-0150 


0-2480 
0-0020 




3 
4 


11-64 
2-94— 


6-74 
2-96+ 


8-00 
2-937 


0-78 
Ba72-94 




6 


33-90 


19-97 


8-80 


2-30 


Bad. =3. 
OD = 0-866. 


1 
2 


-9259 
•0741 


-7172 
•0328 


•4903 
•0097 


-2486 
•0014 




3 
4 


7-41 
2-85— 


4-38— 
2^83 


1^94— 
2-76 


0-57 
8ay2-8 




6 


21^12 


12-89 


6-35 


1-60 


Bad. =4. 
OD - 1-732. 


1 
2 


•9045 
•0955 


-7081 
•0419 


•4878 
•0122 


-2484 
•0016 




3 
4 


9^55 
2-96 


6^69 
2^97 


2-43 
2-92 


0-64+ 
8ay2^94 




5 


28^17 


16^60 


7-10 


1'88 


Bad. =6. 
OD = 1-732. 


1 
2 


•9275 
•0725 


•7187 
•0318 


•4906 
•0094 


•2498 
•0012+ 




3 
4 


7-25 
2-94— 


4-17 
2-94+ 


^89 
2-93 


0-49+ 
Bay2-93 




5 


21-32 


12-26 


6-65 


1-44 
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of curvature of AE, and taking u = 1-5, and since AD = 1, the 

D + IT 

value of our unit of non-distortion is = 1 ^-^ — 

2 a 

The courses of the four rays have been calculated for the Tarioos 
examples with considerable care, the efiTect of the thickness of the 
glass, &c. being taken into account The index of refraction em- 
ployed has been taken as usual =^1*6 for the sake of oonvenieno^ 
although a higher value would have been better. 

The results are given in Table 1. It will be observed, from the 
second and third lines, that the absolute contractions of the radii 
vary nearly as the cubes of their lengths, and that the percentages 
of contraction are therefore nearly as the squares of the lengths. 

Exploitation of the Table. 

The first line gives the values to which the various radii are reduced by 
distortive contraction when the distance DF is assumed to be infinite (and 
are then proportional to the tangents of the angles of emission.) 

The 2ud line of resTilta gives the absolute amount of distortiTe con- 
traction. 

The Srd line gives the per-oentage values of the distortionB of Om 
radii. 

The Srd line also expresses the per-centage of lateral diatortion of a 
body situated at the extremity of a radius. 

llie 4th line gives the values of the index n calculated with reference 
to the ray nearest the axis, so that f* varies as the absolute distortion. 

The 5ih line gives the per-centage values of the radial contractions 
taken at the extremities of the radii. These are shown, by detailed calcu- 
lations in the original paper, to amount to n times the value given in Uie 
Srd line for the total radial, or for the extreme lateral oontractioDa. 
(To be continued.) 



BirVTEWS. 

Specimens of Early French Architecture, selected chU^fitf from the 
Churcltes of the He de France, and Illustrated in Geomttrieal 
Drawings and Perspective Views. By Egbert J. Johnson, 
M.RI.B.A., Architect Parts L, II., and III. 
In giving a passing glance in our notice of Foreign Publicar 
tions at the ' Monuments of Medieval Art in Austria, of Holder 
and Eitelberger, we remarked that the work would be perhaps more 
esteemed by the antiquarian than by the students of practical archi- 
tecture such as we find them in this country at the present day. 
The very reverse of this observation applies to theworlc now under 
notice. It is neither more nor less than a selection of the sketches 
made by an architectural student during a continental tour, 
elaborated into good but not highly-finished drawings, and pub- 
lished. Much the same thing has been done in the recent and 
well-known works of Mr. Norman Shaw and Mr. Nesfield, and in 
some earlier instances: the present work, however, differs from 
the two just named in being confined to one country, and as a 
role to one province of that country; and differs also in the 
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tjle of lithography adopted, being executed entirely ia line 

tlirfi"i'/raiiliv. 

iie-tbird of the proposed series is now published, and 
we oau judge of the selection of subjects and of the ex- 
cuUoo of the plates. Tlio subjects are of the twelfth and thir- 
■[toentli centuries, and maybe approprL-ilely described byquotin^a 
"iw lines fiom a letter from Mr. Gilbert Scott, recommending 
ie work, which is incorporated in the prospectus. "'The buLId- 
mga which you have selected for illustration," remarks Mr. Scott, 
** Mioug U) that partof France which was tue very cradleof Pointed 
architecture, and where it assumed its purest and most perfect 
forms; and the subjects themselves, while tliey are of the highest 
■xoalieace, are mostly on a scale which renders them more aug- 
gortive to the student of our own day than those of a more mag- 
Bifieent class." Abbey and piiriah churches, of dimensions and 
elaboration not exceeding those now built in this country, have 
accordingly been chiefly selected, and are illustrated by external 
perspective sketches, measured sections and plans of portions to a 
■mall scale, occasional internal perspective views, and frequent 
details of mouldings to a scale sulHciently large for all practical 
purposes, with some few examples of carving. These are clearly 
drawn in line lithography, and the author shows very considerable 
skill in draughtsmanship, which here and there, as for example 
in the exterior view of St. Framboise at Seulis, and the interior 
of St Martin at Etampcs, rises to high artistic power. 

In one respect^ however, the work is deficient; the representa- 
tions of sculptural decoration are inferior to those of purely archi- 
tectural forma, a point the more to be regretted, because the 
sculpture of these early French works, at once characteristic, 
r.mple, and effective, forms one of their strong claims on our 
attention. Compared with tlie woodcuts of Viollet le Dae, or the 
lithographs of Sir. NesKeld, Mr. Johnson's drawings of sculp- 
ture leave much to be desired, may wo hope to be amended in 
, future portions of the issue. This excepted however, tlie work is 
> mo<8t acceptable a<ldition to our scanty and incomplete stock 
" architectural literature. It is prepared by an architect, and 
9t art-hitecta, and will be found to convey very much the in- 
Drmation which every student of French churches would like 
collect for himself; and, with perhaps here and there a little 
Padditioual finish, in very nearly the same form in which a well- 
kept sketch book would presence it. 

The views of towers aud steeples, which, by the bye, the author 
fers to in his prospectus as a distinct feature of his project, will 
found peculiarly valuable and suggestive, aud the distinctness 
'^irith which they are drawn renders them very useful for study. 

This work, we may add, is n(>w in course of publicatioa in 

^onthly parts, and is intended when complete to contain about 

nOO half-imperial plates, which at the price charged per part will 

at under 9d. a plate. We hoj»e to take another opportunity of 

>ticing it, cither during its publication or ujwn its completion; 

1(1 in recommending it heartily to our readers, we are induced to 

add one or two words as to the value of all such works. 

Addressed mainly to students and to practitioners actually 
in architectural work, these books of sketches oifer a 
of valuable but miscellaneous information, in a form in 
rbich it i^ of far greater use to the collecUu- than to any other 
_ arson. No one could make for himself the series of sketches 
and measurements which this or any similar book contains with- 
out acquiring in the process a mass of the most valuable infor- 
l^siation, which almost insensibly will arrange itself in the mind, 
)d be of great value. It is, however, possible not only to possess, 
U even to examine such a work .as this without sensible benefit; 
kj, more, it is a matter of some difficulty to extract from it all 
ie information which it can afford ; aud to those who possessing 
lis volame desire to master the subject of it, we recommend an 
empt at classification of its contents by means of rough sketches 
ie from the drawiaga themselves, .'is more likely to aid them 
tlie study of French architecture than repeated ins^iections, or 
ten the occasional extraction of a feature or a detail, or a general 
itlinc. 

Far different is it with such a book as Sharpe's Parallels, a 
rk probably at the head of its class in England. Here, not 
ilj has the iufommtion been collected, it htis also been digested, 
Uised, and arranged, and it is presented to the student in 
ich a form that he can hardly turn over the plates without gain- 
ftg lasting instruction. It ia, however, idle to expect that every 
tttudent who undertakes the labour of preparing an illustrated 
||»ook on architecture, whatever he may in [wirt do for his own 
le&t, or in his own mind, should be able to devote the time and 



trouble requisite for the production of highly studied works of 
this chiss. Such a miscelinneous collection aa that before us, 
although not much more than a mass of nmtcrials, is of great 
value to students, and will prove to tliose about to proce^ to 
France a very good example of what to study and how to study 
it, so iiir as "study" refers to actu;U investigation, sketching, 
noting, and measuring on the spot, exclusive of futtireclassificjttion 
and generalisation of the materials so gathere<l. To architects 
this book wdl no doubt often furnish a suggestion, and sometiraes 
a precedent ; and to some future writer it may furnish some of 
the materials for part of a great work which has yet to be written, 
if written it ever will be, now that the most celebrated of English 
art critics is understood to have abanrloned the attempt in despair, 
disheartened, and disgusted by themthleaaand wholesale destruc- 
tion of the genuineness of mediteval monuments iu France which 
recent "restorations" have occasioned. A work that should fully 
unfold the rise and growth of pointed architecture in France, the 
country of its greatest excellence if not of its birth, and which 
should systematize and comprehend much ascertained inform.ition 
that many labourers have collected, either for their own use or 
for publication; and giving a connected view of the whole, should 
also trace, step by step, nliko the conlempor.ineou.'? progress aud 
the various devergoncles which Gothic architecture in France 
exhibits in so marked a manner. 



27«<? Mechanici of Construction. By Stephek Feswjck, F.RJI.S., 

of the Royal Slilitary Academy, Woolwich. Loudon: Bell and 

Daldy, latJl. 

This work treats of the theories of the sti-ength of materials, 
roofs, arches, suspension bridges, &c., and of the application of the 
results of theory to particular cases. Wh.it the author appears to 
have proposed to himself seems to have been to enable the student 
not only to become familiar with the general scientifie principles 
of construction, but to learn howto apply them readily. This object 
is very satisfactorily sought by means of careful explanation and 
numerous well selected examples. There are also given several 
t'kbies of the strength, weight, &e., of materials. The author has 
brought to his task a thorough acquaintance with the mathema- 
lica of the subject, and some study of various English and foreign 
works on constructive mechanics aud kindred topics, which are 
enumerated in the preface. We may as well give Mr. Fenwick's 
account of the scope and design of his book In his own words:— 

*' I have divided my BubjtHit into two piirts: — 

The first part includes the theory anil gome of the applications of the 
strength aud rusifltftnci' of mstisrialB. The second part contains the theory 
and the construction of roof« and urchw. The straining forces which act 
upon a gtmcture having been determined by simple atatical considerations, 
furmuhe of solution are thence deduced liy the theory established iu Part 
I., with the ultimate view of e«titnatinir the Btrength of each particular 
construction. Thew; fonnuLe are the result of exact mathematical rejuiuu- 
iug. Thf various eTpcrimental data which luive been adopted are placed 
in convenient juxtaposition with each comjRiKinding theoretical section. 

Throu)^huut the whole work the method of determining the dimftaioni 
of the different parts of a structure, in order to fulfil cortain conditions, 
han been attentively kept in view. This important feature constitutes a 
distint'uiijbint,' characteristic of th» present publication. In no other En- 
gliah work ih this metho<i a<lopted with res^iect to torsion, solids of etjual 
reaiatance, ro»if» and archea.* 

With the desire of rendering my labours more eaaly available, I have 
divided the work into email chapters, and m some coaes each ohapter in 
subdivided into sections. Chapter I., Part I., contains some neceasuy 
introductory remarko, and thoiiivt principles of the resistance of mtteriAU. 
This part of the subject is developed at conniderabl^ length. In the pre- 
liioinary olwervations the prootical man ig cautioned against trusting im- 
plicitly to the formuJui ustablikhed in Part I., when the utralning forces 
which act upon a body pass certain limits. It is a remarkable fact, 
notiuol by all expcrimuutaliatB on the strcug-th of mncnals, that after 
a certain pijint baa been reachetl, any addition of strain increases the 
dilatation of a body iu a much higher proportion than b<jfore this limit is 
|>(U<6od. This, it is conjectured, arises froiu the duiuiiiona of the particle 
of the body whose joint action contributod U> the whole effect. Heno« I 
have taken the utmost care to cite from the best authnrities the neoeaaarjr 
constants for those limits, which are usually denominated co^eienta of 
tafay. 

■ "In the uew ediUon of the • Eaoydopadla Britaniilca' jmt ooupletcd. in tbt 
article on the iStrvagUi o{ MatorlaU, we ore lold that the writer haa aot bwa abU to 
diMluce the fonunln fur tba resUtoace U u^niou of b cftiudiical body »beo tb« l«nctll 
of the crlioaw ia (Akcu iDto Aoonint. Thii fonuaU i« glT«o Is Uu prv<«al TrMtlic, 
and sceurdlog to Morio, the truth oC the lomtok baa beeu Teriflnl b; Ibu ei[ierttucaCl 
Of UM. ItalMU ana SavMt," 
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The want o! r sidaU and compenilioiu volume for the uie of studenU of 
militiirir' and civil engineering has boen of btte greatly felt, e8p<^cially 
■inoe the highest educational autbi)ritie«bAve introduced these briuichesof 
•tudy into the programme of tlie exaDii:uvtinD« for engineer and artillery 
officers. To Aupply thiit want in the main motive that has impelled the 
author to draw u[i the present troatiM." 

The fii-st part, which treata of the resiatances to Extenaion* 
Conipressiou, Flexure, and Torsion; Momenta of Losid; Sectional 
Form of Be.ims; Eatiination of Deflection, &c., is very clear and 
accurate. There ia one clause indeed (the 25th, on page 34) in 
■wliich we fail to find our author's usual trjinsparency, although 
the course of proof ia geometrically exact. In this clause the aum 
of the moments of inertia of a surface about two perpendicular 
axes in its plane is ecjuated vritb the moment of inertia about an 
Alia passing through the point of intersection, and pej-]M)ndicular 
to the pluue of the surface. Now the former are njomeiits of 
inertia opposetl to transverse flexure, while the latter ia the polar 
moment of inertia measuring the resistance to torsion. The equa- 
tion would therefore be apt to puzzle a learner, since torsion is 
not treated of until further on in the book. We think, however, 
that Mr. Fenwlck'a line of argument might he readily so modified 
»a to prove the following general theorem: — " The sum of the 
moments of inertia of a suiifuce about two axes in its plane and 
pei-pendiciilar to each other is constant, when the point of inter- 
•ectioM of the axes is fixed, but their directions variable." It ia 
easily deduced fron this theorem that the moment of inertia of a 
souare bar \^ the same whatever the direction of flexure; i.e., 
wnether the beading be parallel to a side, in the direction of a 
diagonal, or in any intermediate direction. A square bar there- 
fore resembles a cylindrical bar in being equally Hiff all ways; 
though it diifera from the cylindrical bar u not being equally 
atrong ail ways. 

The i>n.ipo8ition to which we have demurred is however 
merely a suboiiliuate one, and the subsequent proposition (to 
which it is in n certain sense a lemma) is capable of indepen- 
dent demonstration. 

As a specimen of the manner in which our author handles the 
aualyticii part of his sabject, we make the following extract 
from his chapter on Solids of Equal Resistance, under which 
title he treata of beams whose sectional strength ia everywhere 
proportional to the strain. We may aa well first explain that S 
denotes the extreme strain of compression or extension at the 
top or bottom of the section under couaideration: — 

" PnoBLEM i. A body of length I rests in a hnrizontal pasition on 
two Hupportit at itt extrtauitiea, and is uniformly loa^led along ita whole 
length witli p lbs. on overj- unit of length. The cross s«)tion8 of the body 
are rectangle*, the middle one of which is of bn3adth b and height K\ deter- 
miiU) the form ttf the bo<ly in onier tliat ita reiiit<tanoe t^> fmoture niuy be 
the aaine at every §ection, the broaiith l>eing curuitant throughout its 
vrhole lengtli, but the height vorialjle from the middle to each extremity. 

For the erons section of the boiiy in the middle we have by Arts. 36, 4U, 



Fia. 3$, 






(1) 



and for a section of the V>o<ty of breadth 6 and height ^ at a distanoe s 
from one eml we liuve, by Art. 35, 

?r(i-^) = fSAy> orS=?q(bi^ (2) 

ifare, m the rsaistancc i* to be the same for every section, the ten- 
I S per onit of rarCaoe must be the same for all the sections of the 
body. Hence, W ( 1 > and ( 2 ), we get for the seotion of the solid, the 
equutioD, 

Thi* i« the equation of an ellipse, and hence the form of the body in de- 
U'riJiim^l. 

FititBLUl 5. Find the form of the botiy in the lost problem when the 
height ie ciuiftant and tlio breftilth variable. 

Lot tlie biKlv hiive «t evia,) wction an equal height h-, and at a distance 
: from one uinl let the brviiidtb uf tht- «ietiou be a". Then by the reosouing 
of the preceding problem, we get lietweeu x and t the relation. 






I* 



.orx=^(Jx-«») 



0) 



In onler t<] determine the natur* of this curve let as remove the origin 
of oo-ordiuatea from one support to the middle poiilt of the line which con- 

j)i>ct» the two suppurt«. This will be effected by writing in <1), ^ — t fur x. 



Hence the equation of the carve becomes, in referanoe to the new azea, 

"(?-)=' « 

In order still further to simpUfy the eqimtion ef the section of the »tUd 
let us remove the new origin of co-ordinate* to the extremit}'' of the breoilth 
b of the middle gtobb section, by writing in (2), b — x for jc. The equa- 
tion (2) then becomes 

*»=^^ (3) 

40 

Hence it is obvious that the extremities of the variable breadth lie oo » 
parabola which has its vertex at the extreme point of the middle breadth t. 

The grou/nd tketek of the body is therefore a figure similar to a rhombus 
whose sides, however, ore formed by four similar parabolas, every two of 
which ooinoide with their vertices at the extremitiea of the middla 
breadth b." 

The Deflection of Beams ia treated in a very aatiafactory man- 
ner. There are however two slips, which are so obviously such that 
wo should not care to mention tnem but for the poseibility of their 
perplexing beginners, and the ease with which the correctiona 
might he made. One occurs on page 84, where it ia stated 
that " the deflection produced by a weight uniformly distributed 
along the length of a beam resting on two supports at its ex- 
trenuties is equivalent to the deflection produced by ^ of this 
weight condensed at the centre of the beam." It should read 
"f"; for the deflection caused by a distributed load of (aaj) 
8 cwt. ia e<iual to that caused by 5 cwt. collected at the centre. 
As the whole of the context is correct, thia error simply lies in 
reversing the fraction. The other occurs on page 86, and ia ex- 
actly similar, where we read — "When a beam is fixed at one ex- 
tremity, the deflection produced by a weight attached to its free 
extremity is mpml to that which would be produced by § of this 
weight distributetl along the whole length of the beam." Instend 
of *' § " it should be " |." 3 cwt, at the extremity would caase 
the same deflection as 8 cwt. distributed. 

The subject of torsion is diacuaaeJ in a remarkably lucid way. 
Aa particul.ir .ntteution ia challenged iu the preface to this portion 
of the work, we extract it. We hardly think any of our readers 
will need to be reminde<l that the "angle of torsion" denoted by 
a in the formulae ia meaaured, not in degrees or minutaa, but iu 
terma of the arc divided by the radius. 

" A prism experiences a timple tortion when a cross section of the 
prism turns, relatively to a section iudtfinitely nt;ar to it, round the axis 
of tile prism. The {u-ism is con^wM^ueutly subjected to exterior forces 
which tend to twiat it about its axis. 

The angU of tonion i« that which two lines originally paraUal and pass- 
ing redpet-tivcly through the centres of the two cross 4ection« of the prism 
indefinitely near to each other moke botweeo them after the distortion of 
the priiini. 

To Jind the regUUvnce to toraion of a homoffeiteoua pritm. 

Let UB oonh-ider two cross seotious of the prism near to eftch other, and 
the elementary fibres included between these scotiona. The exterior 
twisting forces will cause one of these sections to rotate, relatively to the 
Other, about the axis of the prism. Wherefore one of these sections being 
ngwded m fixed, a point in the other section will undergo an onguW 
displooement by torsion, equal to the arc K ^ r' being the distance of this 
point from the axis of tbo priftm, ami the circular measure of the angle 
of torsion. If we take the ratio of tliis displacement to the distance I 
between the two sections, or the length of the fibre of which the point 
onder consideration may Ik considered a« one extremity, we shall have 
for the displKscment of this fibre referred to the distance between the two 
sections, the expression 

lA (1) 

I 

Now it is found by experiment (see Morin'a 'E^iatance den Materiaux,' 
p. 455, edition of 1857), tliat the resistauoe f of a fibre to torsion is pro- 
portional to the expression (1) and the area of the fibre. Calling a then 
the area of a fibre at a distance r' from the axis of the prism, and E' a 
constant to be determined by experiment, we have as iu Art. 29, 



I 



ar' 



(2) 



llie distonoe I between the two flections of the primu being the 
for all the fibres of the section in whiuh a is the area of one, the greatest 
displacement, and con8«r|ueiitlv the greatest resistance, is the value of (2) 
for tlie fibre the mo»t removed from the axis of the prism, or for the 
greatest value of r', which wo «l»all denote by r. 
The moment of the resiatonce {'2) about the axis of the prism ia, 

E' ^ . or'». 
and the sum of oU the simihur moments for the whole section ia 
E'^5<«r»). 
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The e^pnasaifin S (nr'*), which hoA l)e(t:n cttUcJ the mnnient of polar 
ioerti&, u evidently the moment of inertij* nf a. emsg Rccliim of the prium 
ftbout an axis through ita centre of gravity and perpendicular to ite i)!»ne. 
I>«iK>ting it by I,, the mho of ivU the moments of the molecular remBUnixa 
to (onion for the croaa lection of the solid is 

^'•r^' ''[ 

U «wr is order that equilibrium may exist between the exterior forces which 
(end to produce toraiou and the molecular resiBtanoesi to torsion, the Rum 
H ol the momenta of the exterior forces must be equal to the sum of the 
inome&ta i3) of the molecular resistances to toreian, bo that we shall have 
the equation 

M=E'.^.I, (0 

9ach is the general relation which expresses the condition of oquilibrium 
between the molecular resistances to torsion and the exterior torceB, for 
each section of a homogeneous prism. 

■ 'irespoadiiig expreaaion for a cylindrical prism or shaft of length 
1 .iced in the following manner. 

Ti/ition of a cylindricai beam, or Aaft. 

Let ua oooaider a cylindrical beam or shaft AB (Fig. 33), acted upon 
hj a force P which tends to twist the fiq. gj 

heam about its axis. 

Then if all the cmss sections of the '° 

beam between A and B be siippoeed 
io be equally fixed, the effects of tor- 
sion will Ite transmitted progressivuly / \ j 
(o the cylindrical beam fmtu the ex- b 
tremhy A to (be extremity B. so thiit » * . .. .i ! i 
any ooe section of the beam will ex- 
perienoe theeSiMtsof torsion only when 
the immediately preceding section to 
this b<!gin8 to rotate. Conse({Ueully the extreme section B will begin to 
move only when all the sections which precede the section at B have 
been put in a state of torsion. _,_ ,. 

I^t a cylinder in a state of torsion be >o 

projected on two planes peq>endieular ; "^^ u 

to one another, the cu^le ABCDEF (Fig. ° . ^ ' 

34) being the projection on one of theM r ,. ^^.^ ^ . , 

pUnea, and the figure Grf/H the pro- \.^^^;jifei^...^.. \—a 

jection on the other plane. ■' 'f—' ■ f-j— I .' 

Tljen a particle A at one extremity of ' ' 

(he cylinder has been transmitted by the ; if^z 
lunion of the cylinder to a certain point 1 /i""'-. \ x' |" 
at D, at the instant the corresponding ;/ ; ''.^ > ,•*' ; \t 
point a at the other extremity of tho / | '\^ I '^/' \ ( 

ejlinder beg^ins to move. Hence the i>[.---j.-"...-->j(f.., — — •) — |p 
ganeratisg line Aa of the cylindt^ has 
been carved into the thread of a screw, 
of which the projections tm the respec- 
tirea planes are ABCD and abed., C 

Likewise the point (A, r| of this gene- 
rating line hM been removed to (G, c), ^ 
tbe point (A, u) to (B, 6) ; and so on. 

Hence it follows that the eection d/has tarred through the angle of 
tor»inn AOD: tho section cv through the angle AOC, &e. 

Let L be the length of the cylinder; then by the pr<>{>erty of the screw^ 

arc BC arc AD arc AD , . ■ t/. 
_- - . — — _ — , s being ro cy. 

Applying this result to (4) of last article, we get 

M=:E'.£. I, (1). 

ora^MjJf (2); 

E' . 1, ^ ' 

u beinij the angle of torsion for the whole cylinder, and M the sum of the 
Diomenttf of the exterior forces. The quantities G' and I,, are tbe same 
aain il). Art. 66. 

Cor. It appear* from (2) that the angle of torsion is directly propor- 
tiaaai to the sum M of the moments of the exterior forces, and to the di.4- 
tance L between the extreme ends of the cylinder. 

CVm. According to General Morin, these results have been verified by 
th)* esperiiueutfl of MM. Duleau and Savait. (Morin's B^sistaox^e des 
_M»ti.'ri»ux, p, 455.) 

Tbe equation (1), Art. 67, may be put in a more convenient form for 

in the f(.>llowing manner: — 
Sinoe I, is tbe moment of inertia of a circular section of the cylinder 
aboot an axia perpeniUcular to \\» plane and passing through its centre 
«f gfarHy; if r be the raiiius of the cylinder, we havo by Art. 46, 
I, = 4»r-. 
jVflNnfQra (1) of Art. 67 becomes 

M=£lII* U) 

2L 




For hollow axles or cylindore I, = 4'r('i|* — V^' *!• ^v ^in? 
nstpeotiveJy the exterior and interior radii; and therefore for hollow 
oylindera 

M = ^'"^ (^,«— V) (2) 

Values E' in tbe formula {1 ), Art 07, for dJfibrent materials in 
pounds avoirdupois per square inch, from Morin's work on K^tdstance dta 
Marteiaux, D*- 

Wnnight-iron ... K' = 8,533,700 

Iron in bars... ... E' = 9,4h1,000 

Germansteel E' = 8,534,000 

Cast-steel, very fine E' =14,223.000 

Cast-iron E' = 2,845,(KJO 

Copper ... E' = 6,210,000 

Bronze E' = 1,616,100 

Oak ,. E' =1 56»,O0O 

Fir E' = 616,000 

The Second Part of the work deals with ConstructionB. 
Oq the subject of roofa we find much that ifl aound. We espe- 
cially notice the investigation of the action of the collar or croes- 
beam in rejieving rafters from transverse strain, but at the same 
time increasing tfie thrust. This is a fact well known to thosie 
who are fiimiliar with the theory of roofs, but we are not certain 
bow far it is more generally recognised. We are, however, not 
quite able to follow Mr. Fenwick when be adds, that if the cross- 
beam were left out the rafters would bend so as to reduce the 
angle of inclination of their lower extremities, " and conseouently 
tiic thrust would become greaterf if it be meant that tnis re- 
duced inclination would increase the thrust in any appreciable 
degree. 

The Theory of Arches is investigated geometrically, at con- 
siderable length and with much laboriousncss: attention being 
principally j^ven to semicircular and segmental arches, which are 
trigonometricsilly treated. There is one point in this sect-ion of 
the subject iu which a little more explicltnesa might be dealretl. 
We find it stated (page 143) that "the greatest horizontal thrust an 
a circular arch is at the rein* of the arch, the corresponding jomt 
being inclined to the vertical at an angle of about 60°." (It is the 
circular arch without surcharge or loading that is spoken of here.) 
Again (page 150), "the thrust at the reins is considerably more 
than at the springing line." 

Nine readers out of ten would derive the notion from those and 
similar passages which occur elsewhere, that the amount of hori- 
zontal thrust in an arch was actually different at different points. 
Yet the equality of the horizontal thrust throughout the arch lies 
at the basis of all true theory. We do not imagine that Mr. 
Fenwick has any intention of abandoning this principle. It is 
therefore to be supposed tliat the statement that the thrust at the 
reins (or haunches) is gnwiter than that at the springing line is to 
bo understood a-<» a short way of saying that a Line of Pressure 
touching iutrados at tho haunches would involve a greater thrust 
than one touching intrndos at the springing. But this matter 
should not be left to inierence. 

An investigation (with the aid of the calculus) of tbe ordinary 
and other catenaries, concludes the Second Part of the work. 
The reasoning is generally sound, and the conclwsions anch as 
are universally accepted. We however think some explanation 
should be given where the " thickness" of a chain ia spoken of, 
while what ia meant is the sectional area. The curve of the Ca- 
tenary of Equal Strength is determined, and some other equally 
elegant problems are solved. A desirable addition would have 
been the general determination of the law of these carves by 
a formula in which the horizontal rate of loading replace."* the 
tangential rate (or area of section of chain.) Such a formula ex- 
hibits more distinctly the close connection between the chain and 
the arch, and is directly .tpplicablo to the suspension- bridge. We 
observe that Mr. Fenwick investigates the case of a suspension- 
bridge carrying a loaded platform on the tacit assumption tliat 
the chains preserve tho form of the common catenary; whereas 
when the load is heavy in proportion to the chains the carve ia 
much neai-er to the jjarnbok. It is fair to state that elsewhere 
the author distinctly recognises the parabola as practically the 
curve for bridges of this description. Thia consideration enables 
the problem to be solved with much ease au<l without tables, 
and at the same time with a greater approximation to the truth. 
An appendix is added. 

Tbe work as a whole possesses much merit, and will well re- 
ward the study of the careful and intelligent reader. 
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El/tmentary Trealue on Phyfict, by Profeaaor A. GAifOT. Tmna- 
Iftleil ttuJ edUe«l from tho Ninth Edition, by E. Atkinsos, 
Ph. D., F.C.S. Ports L, IL, and III. London :' Bailliere, 1861- 
This work, which treats of physics, experimental and applied, 
in being brought out in monthly shilling parts, aud is expected, 
when complete, to form a volume of some 800 pages 12mo. The 
&ct of the original volume having reached its ninth edition 
aV>rnad speaks much for its scientific merit, as well &n for its 
popular character; and the first three parts, now before us, 
jmpreas n« very favourably. The information is condensed, but 
most explicit, and there is a remarkable lucidity and transparency 
ill the general treatment of the subject. This is doubtless mainly 
due to the ability of the author ; but it also reflNits credit on th? 
translator and e*litor. The illuatrations are admirably executed 
on wood, and numerous; and the arrangement and style of letter- 
press clear and suitable. We feel confident that the volume, when 
completed, will prove a valuable text-book. 



Tfie Erigineer'g, Architect^ and Contractor't Pochtt Book for 
1862. London: Lockwo<id and Co. 

The edition for 1862 of this very useful work contTiins the usual 
ample complement of data, together with some original articles 
Bua sundry additions. lu turning over the pages we observe an 
iutereatiug paper on sewers, with a plate showing a plan of the 
metropolitan main soweragc system. There are also tables of 
natural sines, cosines, *Sc., for every ten minutes iu the quadrant, 
which, with the explanatory notes that accompany them, are likely 
to prove extremely serviceable to many who do not possess tables 
of logarithms, or who do not care to use thviu. An obituary of 
eminent engineers and architects, and of some other prominent or 
useful men, closes the work. 



FOREIGN PirELICATIONS. 

In another part of the present number will be found the fii^t 
portion of a transhttion of tho official programme to which we 
recently referred in noticing the Ri-vue Grnerale. 

Tho recent numbers of NouvelUs Annaiea de la Construction con- 
tain much interesting matter aud some useful illuatrations. 
From the«e we may select for notice an elevation and details of 
the lattice girder railway bridge over the river Meuse near 
MsBBtricht. The descriptive account of this bridge, though con- 
deiued, is very complete. The bridge is one of six bays — the 
two widest having an opening of 30 metres (98 ft. 6 in.), and the 
four others being 27*50 metres (90 feet) each. The bridge is 
arninged for a single line of rails, and consists of two deep lattice 
girders carrying the roadway between them. The principal 
scantlings and dimensions are given, also the weights aud cost 
of various portions and of the whole, together with the actual 
results of proof both by a rolling and a stationary lua«l. The 
notice of the bridge concludes in a manner too rarely uttcmpted 
in this country, for the writer, pointing out that the weight of 
iron employed as compared with the duty to be performed is con- 
siderably in excess of the proportions to be found iu recent 
French works, proceeds to give a theoretical explanation of how, 
in hiy opinion, that excess might have been diminished. With- 
out tr&UHferring the whole investigation aud the illustrations to 
oar columns, for which we have not space, it would not Ije fair to 
attempt any opinion of our own as to the extent to which this 
view is tenable, further than perhaps to remark that an en- 
^neer having a proper desire for the stability of liis work will 
in some cases resort to scantlings much in excess of what have 
at times been used, and will not be to blame for so doing ; but 
we meotioQ the circumstance as showing an a«hnirab]e spirit of 
clow and critical examination, such as cannot always be 
attempted in this country without provoking expressions of sur- 
prise, aud even of resentment. 

Contrary to general exjwctation, a further portiou of two 
works published under the ausjnces of the French Government 
haa recently appeare<l; one is the m/ignificeut Monograpkie de la 
CaUudrate de Chartrea, which has already been noticed in our 
pagea, and the other is the Archives des MonvmrnU PubtiqueSf 
which we have also mentioned. In both instances, the pLites 
fully erjuftl those already given, and contain subjects of beauty 
aud interest. Among the churches choseu for illustration in the 
recently pubtished part of the Archives, one of especial value, 
St. Saturuin at Toulouse, must be especially indicated. This 
t^ceptiauai church, jDeculiar in its atjle, its material, and its 



grandeur, not to say in its reputed sanctity, is very well lllits- 
trated in five plates, the execution of which is magnificent. 

In a. recent number we noticed a German work on the Archi- 
tectural Autiquities of Dalmatia and the adjacent provinces, by 
Professor von Eitelberger. and published in 1S61. We propose 
now to say a few words as to an earlier, but connected work, 
published in identically the same form and style, and size, both 
as to letterpress and illustrations. This worfc, entitled Mittei- 
allerliche Kun^tdenkviale de» Oetterreichischen Kaiterstaatet {'The 
Monuments of Mediseval Art of the Austrian Empire,') was com- 
menced iu 1856, and completed October lWo9. It is by Dr. G. 
Helder, the before-named Professor R. von Eitelberger, and Herr 
Hiesner, architect, and is published at Stuttc^rdt. It is not, of 
course, to be ex|)ected that iu two moderately thick volumes of 
small folio size, with some eighty or hundred eugravingn on ateel, 
an account should be given, or attempted, of all the mediteval 
monuments in an empire which at that time included, alou;r with 
a l.irge portiou of Germany aud Hungjiry, the whole north of 
Italy, nor has this been attorn pteil. The authors express that 
their desire has been that their work "sliouM present a picture 
of that activity in the arts which displayed itself at the period 
selected throughout the entire compass of the Imperial States, 
and should bring more within the reach of the friends of art, 
both within Austria aud beyond her limits, those mouumeuta of 
which they possessed either absolutely no representations, or very 
insufficient onen," and that in carrying it out they have in almost 
all instances contented tbemselves with selecting one work only 
OS the representative of a large group of other works allied to it 
by local position, by chronologic^ proximity, or by similarity of 
treatment. Milan, Venice, and Cremona afford examples of 
Italian Gothic, that style which by the labours of Street and 
other English architects has not only been rendered familiar to 
us, but to a certain extent has been inti-oduced among ua. The 
Geinian examples, which aredr/iwu from various parts of .\u8tria 
Proper, include every variety of j^jiod, although the most 
valuable and the most carefully illustrated examjiles are those of 
the greatest antiquity. It is hardly possible to praise too highly 
the patience and care displayed in this work from beginning to 
end ; the large illustrations, the smaller ones on wood profusely 
intrcduoed iutothc letterpress, aud the careful explanations both 
of architectural peculiarities and of archreological points, all con- 
tribute to give very complete infonnation as to the difiereut 
buildings selected. This woi-k ia ftei haps more directly of value 
to the archceological student thau to one desiriur,% umid the hurry 
of mo<leru modes of transacting bui^iuess, to familiarise himself 
with examples of such a character as could advantageously influ- 
ence his practice in actual architectural works ; but it has a prac- 
tical value also, and will well repay perusal by all who read 
German, atid follow the arts, aud especially by all students of 
mediieval antiquities. 



THE HARTLEY COLLIERY ACCIDENT. 

Ths terrible catastrophe which has carried desolation into so 
many collier's houses dill'ers in some essential respects from the 
generality of mining accidents. Lamentable as these casualties 
are whenever they occur (aud tbey have been unhappily but too 
freqxieat), they at least seldom startle by the discovery of such 
unsuspected perils, or rivet the attention by so prolonged a sas- 
pense of hope and fear. 

The ordinary dangers of fire and choke-damp, irruptions uf 
water, or falls nf earth, we have long learnt to associate with 
mining; and fatalities from these causes, however they may shock 
the public, hardly excite surprise. Inquiry may be made in such 
cases whether the proper precautions were observed; hut it ia felt 
after all that the beat precautions can only in a measure abate the 
risk, and that safety must still i-emain a mere question of degre*. 
But the destruction of two hundred and fifteen lives in the New 
Hartley Colliery creates a sensation iiuusuaJly painful, as having re- 
sulted from a disaster totally unexpected, preceded by no warnings 
aud couiiug from a quui ter whei-e absolute security was reckoned 
on. 

We have no wish to prejudge a matter which will doubtless be 
made the subjoct uf searching investigation, assisted by the judg- 
ment of scientific and practim men specially qualified to deliver 
opinion upon it. But we think that a calamity so deplorable 
ought not to be without its lesson; and there are one or two 
primd facie couclusiuus which we feel justified in presenting to 
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our raulera, whatever further light mnybe looked for from ofScial 
inquiry. 

The origin of the whole mischief was the snapping in two 
t){ the cast-iron beam of the steam engine, and the fall of 
the half of thia beam, weighing 20 tons, down the shaft of 
the coal pit. The onccrtaintr of caet-iron when exposed to a 
trmos verse elraiu is too well known; and it is a strain of this nature 
that engine beams have to sustain. The failure of the Dee Bridge 
io 1847, and theinveatigationto which that event gave rise, effec- 
tually checked the eiaployujent of cist-irou for longitudinal bridge 
girders; which are now almoal universally made of wroughtriron. 
Had the engine b(mm been formed of rivetted boiler-plate inatead 
of cast-iron, the failure might never have taken place, and would 
oertaiulv not have occurred without warning. A boiler-plate 
bcMD would aliio have been much lighter. The strength which 
Iwd been supp^jsed to exist in the 40 tons beam of caat-irtm would 
probibly have been etfectually secured in a plate beam of one- 
ihinl the weight. The risk of injury ensuing from the shock and 
jar of the weight of the beam it4)elf, or the accidental dropping in 
the att<fmpt lo renew the braases, would have been incalculably 
leas than in the massive and brittle casting. 

Bat if the cause of the original dinaster is traceable to putting too 
mach trust in a treacherous material, the great loss of life which 
reaalteddemandssomefurtherexplanation. Itseemsthat iheopera- 
tiona of working, pumping, and ventilation were all carried on in 
one shaft, so that upon this single channel of access the existence 
of every soul in the mine dej»euded. Thus it came to pass that at 
a single blow, escape, food, and air were simultaneously cut otf. 
This surely is a risk that might Lave been avoided. We trust 
there are not many mines where there is so fearful a stake upon 
a single chance. It is impossible to disguise the fact that had 
there been a separate air shaft those men might have been living 
DOW, ventilation amid then have been ruaintaiued, and themiuera 
extricated more or less 8|)eedily. As it was, the wooden brattice, 
intended to secure an upcast and a downcast in the same shaft, 
filled the bottom with its wreck, ventilation ceased at once, and 
the nsing water in the lower workings was but a secondary peril. 
Had there but been an "^air staple" between the yard seam and 
the high main, moat if not all of the men might probably have 
been rescTied. 

It is to be hoped that points of such vital concern will not be 
left to the advocacy of colliery strikes and "double shaft move- 
ments." Wc trust that the investigation of this melancholy case 
m»y be carried to a practical issue, and that there may be some 
better security for tbe future against calamities so fatal and ap- 
parently so avoidable. 



NOTES OP THE MONTH. 

hombay, Barttda, and Central India Railway. — At the recent 
meeting of the proprietors of this Railway, the chairman re- 
m&rked that, owing to the excellence of their gradients, they had 
«>Dvc-yed large numbers of passeugers over the portion of lino 
completed, in trains of seventy-four carriages, forty-nine carriages, 
and forty carriages respectively, each drawn by one engine. The 
eooatruction of the iron bridges on their line had been looked 
upon as experimental to some extent, but it now appeared that 
they were a perfect success. The great work of the line — the 
Nerbudda Bridge — liad been completed and opened in May last. 
It ooDsisted of sixty spans of 60 feet ejich, and was 70 feet above 
tbe bed of the river. During the monsoon the floods in the river 
rose 55 feet, and had a velocity of ten miles an hour. Owing to 
the alluvLil nature of the soil it would have been scarcely possible 
to have built piers of masonry in such a position, but the screw- 
pile rfstem of forming them, julopted by their consulting engineer, 
Colonel Kennedy, had answered admirably. They had conveyed 
4000 persons in a train weighing 720 tons, drawn by only one 
eogiue, on the occasion of the Hindoo holidays. Colonel 
Keonfldy aaid, when he first proposed his plan for overcAHiing 
the difficuties of crossing the great rivers it was considered in the 
liglit of a hazardous experiment, but the plan was founded on the 
mostcarefulanalyais he could make. It was thought absolutely ira- 
poasible to construct a railway in that direction, and he believed it 
woald have becQ impossible by the ordinary means. The other ob- 
object he had in view was to reduce the dead weight of their trains, 
^7 IP'tliog the most favourable eradienta. The steeper the gradi- 
ent* on a line the shorter would be the train to ascend them, and 
tbe loeaefffctive would be their engine power. He pointed to a dia- 



gram in the room showing that a pAsaenger train six times the aver- 
age length of passenger trains on English lines bad been drawn ak 
twenty miles an hour over their line by one engine, which showed 
the advantage of their level line. He could have easily found 
gradients of 1 in 100 on their line, and had some difficulty in 
avoiding them. The steep gradients on English lines not only 
limited the load, but materially added to the working expenses. 
With regard to the train that had passed over their line, they 
would perceive that instead of having six engines and tenders to 
convey it in scpantte tniius, they on their line only re<^uired one 
engine and tender to propel it, weighing probably 45 tons, and 
thus saving the dead weight of the other tive engines and tenders, 
making together 225 tons. This was a most important matter in 
the cost ot engines and in working the traffic on the railway. 
They had to provide chiefly for third-class passengers in India. 
They had some third-class carriages constructed iu tvro stories, so 
that every one of those double carriages would hold UK) third- 
class passengers instead of 50, They would thus get rid of a 
considerable amount of dead weight, and reduce the proportion of 
working expen-ses to receipts. Their line was the most difficult 
to construct of any railway in India, and he believed its cost would 
not exceed i;H>,W»0 per mile, or i:3,130,tKX>; but if it had been 
constructed in the usoal way they must have added j£3,00<),000 
to its cost, and, with the usual gradients, 1.^0 more locomotive 
engines and tenders would have to be provided, at a cost of 

i;4oo,or>o. 

Art Deiign at the International Exhibition of 1862. — The fol- 
lowing is a minute of the Art Designs Committee of the Interna- 
tional Exhibition of 1862. " Her Majesty's Commissiuuera for 
the Exhibition, being desirous of exhibiting the progress of ar- 
designs for manufactures, would be glad to receive contributiouet 
from possessors of drawings and models by British artists executed 
within the century 1762-1882. Artists, designers, and manufao- 
turers in ceneral are hereby invited to send works, suitably framed 
and glazed, or if of large size on strainers, properly prepai-ed for 
banging. Designs in all departments of art industry capable of 
reproduction are admissible in this class. Designs for glass and 
ceramic wares, precious and other metals, furuiture and carving, 
pUstic decoi-alioua, ami other objects in relief; also designs for 
textile fabrics, paper-hangings, mural decorations, tiles, mosaics, 
inlays, stained, painted, and decorated glas.s, &c. Assistance fi-um 
the possessors of drawings and models bvsucb artists as Chambers, 
Adams, Soane, 8tothard, Flaxman, f'itts, Pugin, Wyon, and 
others is especially desired. All works must be delivered for tlie 
inspection of the committee, on or before the 31at of March, at 
the South Kensington Museum. 

Floating Dock Gate /or Alloa, Scotland. — Mr. George Macfar- 
lane, of Dundee, has nearly completed a floating dock gate for 
the new wet dock at Alloa. This gate is of a novel construc- 
tion, the usual description allowing only of the crossing of foot 
passengers, while this is to serve for the passing of horses, carts, 
aod carriages. It is wholly composed of iron, and is 42 feet long 
and 10 feet wide; is divided into five compartments in the height, 
the lower two divisions to be tilled with masonry for ballast, 
while the others are to be water-tight, and are to act as air cham- 
bers to float the mass when the tide rises to a depth of about 15 
feet; or it can be snuk to any depth required, by opening the 
ch.auibers and allowing the water to flow into them. This gate 
was designed by Mr. Charles Ower, harbour engineer Dundee , 

Competition Designs for the Houses of Parliament, Hydneg. — 
Out of tbe twenty sets of designs submitted, it will be remem- 
bered that six were selected, bearing tbe following mottoes: — 
" I bide," " Hora e Sempre," " Palladio," " Fide et Virtule," " Sic 
fortis Etraria crevit," and "Follower of Wren." First premium 
(X600), design tuarked " I bide." Second premium (£3Cmj;, design 
marked " Hora e Scrapre." The design marked " 1 bide," was 
by Mr. William Henry Lynn, of 64, Upf)€r Sjick\ ille-street, Dub- 
lin. It is in the Gothic style, the cost of executing as estimated 
by the Colonial architect, would be .£642,205. The architects of 
the design marked "Hora e Sempre," are Messrs. Stent and 
Laver, of 127, Great Portland-street, Portland-place, Loudon, and 
Ottawa, Canada West. There were two designs under the above 
motto, — the one Grecian, and the other Gothic Both of the 
designs were considered by the commissioners, but they have 
given their award upon the Gothic design. The classic design of 
"Hora e Sempre" would cost to execute .£656,641, and the Go- 
thic design £505,113. Of the twentv designs sent iu for compe- 
tition, eleven came from Europe, and of tUft x«\aaiki\i\^'vi\Qfe wsic^ 
five are atlributed to Sidney aidvOfetVa. 
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TVie Stefjhenion Memorial. — l^Jreat progress has been made with 
the Stephenson memorial about to be erected in Newcastle. Four 
of the statues are already caat in bronze, and in the hands of the 
chaser; the fifthwill shortly beoutof the mould. The stones for the 
pedestal have been for some time past in course of selection, but 
their large dimenaious preclude their being collected other ifann 
gradually. 



CLASSIFIED LIST OP PATENTS SEALED IN JAN. 1862. 



Durinff tht pc(tr lStt2 a dauijUd orw/yw will fj< yiotn in tJil» Jnurnal 
of th< Patenti provisioitally n>ei:iji<d ami acaUd under th< authority of 
//. JU. CotnmiMnemen of PatetUs.' 

19Ti BoTlll, G. H.— Sliipi of WIT and otber veueU, and maaaCwtare of onnoar and 

other plate» of mroogbt Iron— Aognit 9 
1111 Rogtn, J. W.— Ships Bad floaUiw )»Uarie»— Jmlf IS 
2076 Munti. O. P.— «b«atii)na iron ihlM or veMeb-Augvit 30 
It-a Bronnuui, B. A.— PropAlllug reMcli by mperbMUMl tteom (OOOD.}— /uIt 19 
188t Hufield, W. U.— i'ropeUing ihlpi and jtmO^-Jalj 37 

ITM Adams, J.— Rerolring Qreanna and CArtriiJi?«»— Jaly 12 

IU8 Sldebattom, J.— FlrQ«.ns« tad ordaitoM— July 24 

lUT StumK-k, O.— Breechlosdiug Ore-arms -Joly -JU 

1944 Meunon.H, !kf. A. F.— BrBM'hlMiding Breiuruu [ouai.1— Aacnut 7 

1S24 Bruotuan, B. A.— BreecbloadJn^ordQance (oom.) — July 19 

W7J Il<>hcrt«]u, C— Stfihts for flrtaniM— July 24 

MtS RtchaTditun, VV. -IiuproTeiniini in rillK *ai projwst llw Aognm 'Jl 

IDSS VaTa.^aeiir, J.— Tnuuportabls machioe for rUUng aannoa— Au^ost 3 

1979 KiuKy, H.— .Steam Aiitlneaaod botlen— Aafrnit 8 

1 14:12 O'liarlow, F. — Improvomentfl In mariue nemtn boilen — Ausnal S 

Iti/il Uughct, T,— ImpruvMl itean genfrator— July 2i 

17ST Haudpoclt, E. R,— *(ipIyirginotiTe power— July « 

tiSi Madntoab, J.— Obt«ioiiii; sjid applying niotire, Htcam, and liquid power -Nov, ii 

17S0 Farrou, J. — Apparatus and fittiiigu for steam flueiuea and boUen— -July U 

17S4 MosMogar. T. O. — I mprurommiU in Talvai— Juy 11 

S$78 Venum, W. K.— Sieam engine gotaroan ',ooid.)— NoreiBbor IS 

U18 Bbaw, P.— Qot-Air eiii;intt— July 19 

iv\t lS«ntoD, R.— Obtaining rotary motion by the oao of tbe graritatlng power of solid 

or fluid matter— Au{pi>t 3 
14<il MaUlard, N. Ii. T.— SoU-acUn; and inaxhaiutible bydniuUc and atmospheric 

motive- {rawer engine*— Aogiwt 8 

liii OriSlo, O. F.— Pennaaenl war— JoIt JS 
Blluklioni, J.— Bailway signals— Jonr 18 
1890 Ril«y, K.— ImproToment in fog lignsilt-^oljr SO 
1430 TliAiciiur, B.— ImproTements in labricatois—Jniy 30 
1801 Meli^nr, W.-Coniitntctiaitof railway whwb— .July 19 
SO<K! 0«dj!e, >V. E. — Ureaitiog apparatna for railway and otbor vehicles (omd.)— 

Aagoit 12 
1(4S DamexDil, K, K —Lubricating maebiaery— Jtily 33 
ll»W itytaoda, J. II, T. O. and Kyianda, P.— Joiniog wire for telegraphic ooodactora— 

July 31 
?Otl BtftheU. J.— Maotiflictare of journal aile bouts, Jia. boa R(«atite— Aognat lb 
'JKii JohnMo, J. H. IniproTemenCs in making *t«am-U|bt joints — Norooiber IS 
iiSi I>own«, J.— ImpruvemcQt in hydraulic preaea— wtober 10 

SOU Oanend, A.— Apporatiu for catting Up and t«daciag ilye aod other wood.— 

Auitiiirt 12 
!■!: "^" iiachinery— Jnly M 

1 ' I irTM or other conical blocJo— Jnly SO 

-.-. I bricks— Sapteiuber 7 

17'1T .<^niith, T., Tiiylor. 0.-Uor»e rakM and cnltiraton-JiUy 18 

■.'jS5 Xewtoo, A. v.— lUchines fbrclaaaslog and dretalng grain (com.)— October 11 

1))11 SttTory. W. and Savory, P. tl.— Winding machinery for plonglilug, quarrying. 

Ate— Jnlj 19 
2314 f^mnvUnu, B.—HarTe8ting machines — October 17 
SXO BoustltrM, G. t.— MnoqfMtarx! of «bo(« for horaee (coa.) -September SO 
Utill Cre«ey, T. .S.— Uanuiactun' of casks- July tO 
l»«:i Uiiilit'«. E.T.— Improved wheel-barrow -August T 
1' K. and Chandler. 11.— Improved sack bolder— August fi 

!:<' I'.— Wcij;liiiigniii('hinr9— Angast 14 

Ji ! , 1'.— Waging' macbiuu- July 30 

luii Muggiidgc, £. J.— WaabiDg uiachiue— August 1 

1779 Johnsou, J. U. — Appaiattts for cleaning rico (com.)— July 15 

191" Sh.iir. H — frnprovementii in wet eaa meturs— AuguM 1 

ITT ,, w. C— Frictionlesa bearing for gM metcm— Jaly 9 

1 ' —Obtaining increased effect trum light*— Jolv 30 

UUi J.— CttrboretliagpMS fur tbe purpiMe of iUumination (com.}— Oct. 19 

tVlS Frost H. — Apparatus for meamriug Uqaiii»— October ZS 
KM Butterwortb. J. Ii.— Hot water apparatus (000.'— ^nly IT 
lySO Meyer. H. C— Slide rolvM to regulate or ttop the flow of water, tteam, or otber 
duid— August i 

S09] neatflo, J. 0., Dean, J.— Improramenia in tap* or oacla— October M 
1863 Loagmold, M .—Manufacture of iron — Jnly 14 

CM4 CheaieriDan. J.— Hardening and tempering steel— October SI 

1817 Muihet, R.— Maitofaotareof out steel— July 19 

1771 Taylor, K. aad Price, X.— MannfiM^iire of tin and tome pUtM-Jnlv IS 



IWJ HftoflL'ly, K.— Extracting copper ft-om ile oree— July U 

X'i^i Ueiuuucway, J.— Uochiutfry for wurkiog ooal, irotutoaa, or OthCT miBWala— 

Aogufta 

1889 Wood, W.— Haatifitctore of beams and girdor*— July 23 
1805 Bruwn, B.— Spinning oiachioen— July 2a 
1869 ThrelijiiU, K,— apianing machloH- July 24 
1«82 Piatt, J.— aplnuing machinery- July •-•0 
l&Sl Htfuderaou, J,— Weaving machines — Aogo^ 8 

ino Scfantt, H. - Spinning fivnea ^com.)— July 6 

17(W Tolhauaea, F.— Improvement in rtbboo looma (com.)— July IS 

a.v.>8 Bennett, T. P. Self-acting muiee— October 10 

1SU> Williams, P.— Carding-en^nefor ootlou, Iw.— Joly 18 

S'dit BrowiL B.— Imptxtremeot in ecotehiug and canliug ntginea— November S 

1838 Wood, J. B. -Shuttle picken-Jnh 33 

1817 lingbee, E. T. Wxt-m ^ejimleas glove* (oom.)— July 19 

S83> Tamer, A — K I ni'ty- November 9 

1*82 Tonguu, W. 1 i manufartare of printed yania— Sovember 13 

308V c kimbe, J.— M 1 1 kckllng flnx and otW flbrou* sabetaneee- ADgwK : 

I77T Browne, B.— C'k-^iuit: uud «moottiing apon throad <ir yams— Jnly 16 

3348 Boonflald^. T.— Imnmvoment in combing ootloa, &c. ;,com.)— iMipteiuber SO 

28'it] Tongue, W. — rreixiriiit: 'ni'l liiuiliiiig fibruai materials —Mov. 11 

18rI3 Cook, H.— Imprareioch : i ■ >.rtug, Ac— July 34 

3748 Wright, J.— Ctai«ini: i. hhie« - Nov. 2 

1844 Gray, T.—PrcpariiiK ^uly SS 

l.iS^ Imm, C, and Macs, f. K. — ii;n kiuj; oin iiili> lubrics— August 9 

-J Hi; Cli««Id, W. — t.(itin£ wool- Augiut 24 

lii'iT ViuUiui. L, W, — rwisUug yams and wire ropo -August 7 

1992 itirktieck, G. H.— CJonstrucUun of teuU (oom.J— August 10 

ITM Batterwortb. J. H.— Improved mode of dtsiccating wet or moist sab*t«noe« («o<u.l 

^luly 17 
189.1 Scott, W. L.— .HanufaclurB of rod, purple, and other dytM - July 39 
301ti Hartog, C. S. U.— lupiovemeot in preparing Hbruus materiaU fur dyemg — Dec 4 

1745 Ashwell, H.— DyeioR and cleanlni apparatus— July 11 

1733 Fiiruiur, K— Fibre from broom lor tbe uiunufactore of paper and recovery <>f 

dyeing products— July IS 

ITIS CoblAy, T, — Manofaeture of silicate* of lead and baryta - Jnly 8 

1734 Ooblvy, T.— tteoovery ot bates from slag, scoria, ac— July 9 

1772 Cuhlcy. T.—Maanfauture of aikaliue alUcatt:^, acoiotes and caustic iTkaliw 

July 14 

1773 Cobley, T.—Praerriug and rendering uninflammable wood, timber, and other 

VMetable matter^nly 14 
1T75 Coomiie, J. C— Mauufnetore uf glass, porcelain, and plastic ware— Jnly IS 
177<> Uibli-y, r.— Pluo-sliioatos of tiu, cine, and baryta, and enamelling coluariag 

glass. Ac— July J4 
1S19 Lolug, IL, Coasins, 0. E.— Improvement in manufacture of solphnrie acid- 
July 19 
iSU Kottula, C. N.— Improved maaofaatate of toap- July 32 
S831 WilMm, O. 1'., and Payu, Q.— Impivvomaat in treating fatty and oUjr natt«r»~ 

November 11 
19SC Clark, W.-Rleacbing saccharine natter (oom.)— Augast 
lB»a Gnffruy, C. C. J.-SIaoufactnro of cod liver and other flsh oils- July 39 
luiU Kiklgos, A. K. B.— ImprovemcDl iu tnuseaaQd baodagtM— August 
1 S^.'i KjibartMii, J.— .Steam and lint nic for the treatment of bodily pain— July 2T 
2335 Ciwinbo, J. C. Wilgbt. J.— InJuiiition of building materials— September 19 
1962 teiueur, N. A. -A uew system uf cuveriog for housos and otber building* asd 

coveriiira — August 7 
1973 Hogg, w. 8.— Construction of doivn, gfile*. and shntten, principally appliable 

fur Ore- proof buildinsa- Auguat 8 
l°2l Dronot. J. E.— Improvad awthod of kuoading bread— Aogait 2 
18.13 Wood, A.— Brewing sod storing beer— July :U 
17S8- MoNdll, T. T. -Barometer*- July 9 

1941 Johnson, E. O.— Coostractiou of centre aacooda walcbea— Angart S 
2078 Sutton, T,— Fholograpbic cameras— AnjUSl M 

I'<a7 Johnson, B.— Flaaefoitet-Jnly 18 
1741 Cottor, J. £.— Piikfiofoitoa— July 11 

Walker, B. —Packing and stopping bottle* -July 19 
Kidwlale, J.— Inkataad and stoppars of bottles— July 6 
Tvtm, O. -Banuen and Hogs-July C 
Koala, J. and O,— Sewing machioery— July 9 
Clark, W.— Slac>! fcouory. Ac. [com.J— July 16 

U'wiA, J.-Pr> I :.', aodtraoafbrringsutiaoeaonUtbographi- Atigtutl 

Hcirton, O.-.S; , wr 4 

.lines, Q. F.- li : injury to plpea by &o*t— August 8 

Klatt, M.— Oruauieutiug Umuc paper and Ulw material— July 24 
I'liurol. F. N.— Footeaingi for idioea, itay*. and gloves-July 3S 
I 1 '14V .1 — Ka-i.Tiiiia^ for wearing apparel — August 8 
1 I ambr\;lla3 (com.) — Anguat 81 
I UK 'kius aitd other materials— July SI 
. a I ukeulatioo or metallic bedsteads and fUraitare-Otaobe'r So 
U i4,ili, \V.— ilikuutiM'tun: iif brashes and braoB)*— July 2(t 
Hitrt, J. M.— Uir.ks and fasteulDgii— Jaly SO 
Ilurbvrt, J, H.— Improvement in ilte-guanU— July "7 
.liiuiw, R.— Safety tamp* -July Id 
rjiimor, W.- Improvement in lamp*— July 18 
O.-illaM-nt, U.— Befrigerating mocbinea— July 19 
Newbury, B, C— Manufacture of onnmellea cards— Jnly 19 
Nt^wou, W. E.-8elf-feedijglnk-«t«nd»— Novomberll 
\ ...1,,,. w. E.— Copying letters or writiogs icom.) -October 19 
W. E.— Pen* and penholdors— September 2* 
s.— I'enbolders — November 23 

Q. F.— Apparatus for ventilation and extinguishing firs»— July SS 

ViMuunt de Ponton d'Amicoart, 0. L. U. — Appanitiu connected with t " 

— Au^st i 
Oarrood, R. E.— Mitre boxes and shooting boartis— Jnly 27 
Pratt, M, — Manubcture of c«u<ll« muuldo— Aikgust I 
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' Arraegvat^Htt »rr la pttigrt»r by which increawd Du^ililirt, in mmnrctlon with the 
atmoAgt-jiiciit of iJjU Joans*!, Will be tgbntfd le Jarfuion for •Mwnng valid Pat«nM. 




ERE ATA. 

The following typograpblcnl errors oorurred in our but numhor:— 
Page 8, art 10. in the two formubu the radical signs should not «>xt«ad wrr— 'j,, 1 
— t'l- 
„ i, in tbe formo a la lUo first column, fur sign -V read s=. or s . 




l.lNt] 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL 



65 



SAINT MAEyS COLLEGE, HARLOW, ESSEX 
{With an Engraving.) 

Thv bnilding illustt-ateJ in the accompanying plate has been 
erected for the aoconimrHlation of a private educational estiiblish- 
meat, foanded acme j'ears niiuce by llie present preaideut, the Rev. 
.1. C. Ooulden, and which, fi-om very humble beginnings, haa so 
increased aa to warrant the commencement of what will eventually 
become an import^int collegiate building. ' no objects of the 
school are to prepare the aons of gentleip for the tuiiversities, 
army and navy, and civil service, and supply to this class of 
students the want acknowle«.lged to e" A of a liii.;her st^iudard of 
education, and more in accordan with the principles of the 
Ens^lish church than has been v .4lly aiIopt«d in schools. 

The part already erected > jO principal portion of the north, 
aud the whole of the e»r .ing; the weat wing, cloisters and 
eh&pel being left antil' ^ore opportunity. The editice is built 
of common yellow /ca, with deep red bands in horizontal 
ooorsea, interspenr with various forms of .stone he.ids and 
parti-coloured brioic arches. The roofs are covered with blue 
Coontess slate, with red tile ridge and crest. All the gables and 
the numerous dormers have irou terminals. The window opeo- 
iaes are filled with ordinary sashes, except those of the school and 
buL, which have wooden mullions and ca.sement3. The entnuice 
to the buildings is through a double door under a deeply-recessed 
arcb, the tympanum of which will be filled with sculpture. All 
the internal iittiugs are of deal, stained and varnished, and the 
whole of the ceilings are pannelled with chamfered wood tilteta. 
The dormitories are 40 ft by 20 ft., subdivided into cubicala 5 ft. 
by 8 fl., thus giving each boy a separate sleeping room. 

The cost of the portion already erected has l^ecn under £4000. 
The architect is Sir. Withers, of Doughty-street, London; and 
the builder Mr. John Perry, of Stratford. 



THE OFFICIAL PROGRAMME FOR THE DESIGN OF 
THE PARIS OPERA HOUSE.* 

Stairctues. 

13. One or two public rooms are required out of the immediate 
course of the crowd, adjoining the staircases, and communicating 
readily with the principal exits from the house, in which visitoi-a 
can wait for their carriages, safe from pernicious drafts and fi-om 
iniurj' to their dress. These waiting rooms mu«t serve, during the 
cold winter evenings, to shelter ladies thinly dressed, aud leaving 
a very warm room ; consequently their doors must not open direct 
lo the street, it will be better for them to open into warm sheltered 
corridors, where footmen can be in altemlanco. 

These corridors must, as far as practicable, run parallel to the 
rank of carriages, so that it will be possible for persons to leave 
through several exits at once. This is necessary for reasons similar 
to those which have caused the waiting rooms of a well-arranged 
{French) railway terminus to be placed parallel tu tlie raila. 

14. These waiting rooms, which will be occupied for only a very 
short time by some three or four hundred persons at the moment 
of leaving the house, do not require, we consider, to be lofty; we 
would take the vestibule of the Theatre Francis as an example. 
This being so, the vacant space under the amphitheatre and the 
£rst tier of boxes might be made use of for this purpose. 

Public Siiioon. 

15. The public does not crowd into the s&loon as into a waiting 
room, but promenades there. The saloons ought, therefore, to 
include — (1) One or two g^dleries, as extensive as possible in their 
length ; (2) an open gallery or box ; (3) and, near the extremities 
of the principal gallery, small rooms communicating with it by 
fold-' " ' --a, where frequenters of the place, who do not care 
to !■ , fsan chat quietly. 

ic. ..-.^Lious to the saloon ought also to bo found — (4) the 
zvAreshment room, and a suitable room for the preparation of 
refrdshments, and to which they con be brought without passing 
any part of the saloon or the house ; (5) also, a suitable place for 
the stand of the dealer in bouquets, and for a book-stall. 

17. Ao arrangement which would provide, level with the third 
tier of boxes, a gallery or balcony for the use of the spectators in 
the upper part of the house, could not fail to be approved. 

18. The corridors, the height of which is fixed by that of the 
bdxea, and which ought to tw far wider than those of the present 

* Oon rt n n ed from pifc ts. 



house, — these box-corridoi-a, we repeat, will inevitably be too low. 
It is, therefore, to be wished that the expedient be adopted of 
causing them to open at the side, away from the boxes, upon wide 
and handsome gsilleries embracing two stories. The floor of the 
corridors should not be boarded ( parquets), on account of the 
noiainetu of wooden floors; it ought to be covered with mosaics, 
ornamental enough to take the place of the dusty carpets which, 
in such a situation, it is extremely dlliicult to preserve clean and 
sound. 

19, Near the house ought also to 1^ found the following depen- 
dencies : — 

(1) On each tier in the box-corridors, a variety of closets, where 
the attendants can hang up the delicate articles of dress intrusted 
to them, safe from injury. 

(2) Near the approaches to the stalls and the pit, cloak rooms, 
trjlerably spacious, aud above all easily reached. More than a 
hundred persons at each side of the stalls are in the habit 
of leaving articles of dress in these rooms, and crowd all of them 
together to gt^t them away at the moment of leaving. 

(3) If possible there ought to be w.c.'s on each story, and 
arranged in the most advantageous way possible to secure venti- 
lation and cleanliness. They ought to be so placed that females 
may be able to have access to them without hesitation, and may 
find along with them a dressing-room, in which they can examine 
and rearrjinge their toilette. It is, therefore, requisite that these 
indispensable conveniences should be approached through ante- 
rooms suthcient to insure that their use shall not be prohibited 
by their giving too transparent .an indication of what they really 
arc, and at the same time they must not be too remote from the 
box-corridors. 

(4) The medicil arrangements must, if possible, be provided 
for on the first floor, and not too far from the boxes. Besides a 
room for the medical man in attendance, and separate w.c^'s, two 
rooms of moderate size must be provided, in which would be 
collected every thing necessary for the relief of persons who may 
be t^iken suddenly ill. One of these rooms is intended for men, 
the other for women. These apartments need only be large 
enough to hold one or two other persons besides the invalid 
,ind the physician ; but must be reached through an ante-room 
which isolates them. The physician's room, even, is not absolutely 
indispensable ; this useful functionary has a st^ill appropriated to 
him, and could keep all the appliances which he requires to 
make use of in one of the rooms for invalids. 

(5) On Ihe ground floor, or mes^zanine, will be situated the 
olhoe of the commissary of police, not itself intended for more 
than five or six persons, but communicating easily with the 
police stations and the constables outside. 

(6) The accountant's offices may be more out of the way. They 
will comprise — (A) the inspector's room, lighted by day -light; 
(B) the cashier's oflSce, in which ten or twelve persons will be 
employed daily, verifying ticketa and receipts ; (C) ofiice for wo 
or three inspectors of the bouse, closets for tickets, for the ward- 
robe of the managers, &c. 

£0. The house upholsterer {tapitaier de la salle) ought to have a 
store placed on the most central tier, and of sufficient dimensions 
to accommodate the entire furniture of the house — namely, a 
thousand chairs, the portable seats of the pit and stalls; or, what 
would perhaps be better, one dt^t on each tier and a central store 
in the roof; where also the strjre of the gas-fitter {Itmtrier) must 
be placed, with a workshop for two or three men. 

Tlte Boxet. 

21. Tlie frcfjuenters of the opera have an invincible repugnance 
to the boxes in the upper tiers. The number of boxes in the first 
tier is not equal to the demand for them, aud yet it is often diffi- 
cult to fill those on the second and third tiers, even with gratuitous 
orders. 

22. This arises from two causes — First, the excessive height of 
the stories, due to the fact that the floor of the house is more than 
four metres above the level of the rood, and that sixty steps must 
be mounted to reach the first tier of boxes (there are seventy-one 
between the level of the road aud the floor of the Emperor's box), 
seventy-six to reach the second tier, and ninety-two to reach the 
third; aud then th.-vt the taste for luxury that has followed the 
growth of public wealth caused persons to disdain inferior posi- 
tions, making every person wish to be placed in the first rank. 
Further, the difference of price between boxes on the first aud 
second circles ccnnot be large enough to cause even the most 
economical to hesitate. It is but one item of their total ex|)eudi- 
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tare, &n unimportant one for the m&jority of the frequenters of 
the opera, and not of conaequence for those among the visitors 
■who go but rarely to the opera, and who, on that very account, 
onlj choose to go to the best places. Consequently, at the opera 
there need only to be two cliisses of seats — the highest and the 
lowest; and as the larger part of the receipts flow from the 
lirst-class seats, it is essential to provide as many of tlieni as pos- 
sible. To secure this result, the sectind tier of boxes mnst be 
so arranged that it shall be possible to rate theru at the same 
prices as the first. This aim can be attained by a disposition of 
which the theatre at Bortleanx atforda an example. 

The grand staircase communicates with two tiers of boxes: the 
first tier, not touch rui.^ed above the house corresponds to the first 
lauding at the half flight; the second tier, which can be reached 
by ascending another half flight, is ou a level with the saloon, and 
on the principal floor of the uuilding. 

In this way, advantages are so evenly balanced that it is 
almost a matter of indifference whether to go to the flrat or the 
second tier, and thus two tiers of select boxes are obtained. A 
third tier can be obtained, as has been done in the tlieatre at St. 
Petersburgh by furiuing a tier of uucovered boxes in front of the 
first tier of clo8e<i boxes on a substructure rising from the floor, 
suid not ou corbels. 

These uncovered boxes would naturally be without ante-rooms, 
but ou the other hand they would have the advautago of showing 
the foi7e/te«of the ladies in full briHiitucy.andof beingdivisibleinto 
cumpartments of four places each, which would certainly cause 
them to be very much sought after. The tier of uncovered boxes 
which we are proposing is not incompatible with the amphitheatre 
which supplies a public want, and must be retaine<i; it may be 
conuected with the latter at the two aide*, or be blended with the 
upper ranks of it, 

S3. To secure that the access to the boxes shall be by only a 
small number of steps, the orchestra must be on the same level 
as the lobbies, and the floor of the theatre very slightly raised 
above the ground flo<jr level. The result of this will be that the 
spaces under the theatre must be all formed by excavation; a 
structural difficulty far from insurmnimtiible. It has not, how- 
ever, been j)roved that the vaidts require to be so deep as is 
onlinarily thought necessary. We on the contrary believe that 
with a rational system of machinery the motion of largo scenes 
would be almost always horizontal, which would dimiuish consi- 
derably that iniportfince of the spaces below the stage. 

24. The internal arninKcment of the house in the line Lepelle- 
tier IS considered the finest known dispnaitiou. We may add 
that it will perfectly admit that arrangement of places which we 
tiunsider, for pecuniary reasons, it is indispen-sable should be 

~ Joptcd." 

25. The number of seats we would limit to 2000: there are now 
17o0, ami were they better dirttiihut*?d that uundwr would 
suflSce. The opera is not and canimt be appropriated to great 
popular gatherings. It is tlie theatre of good society, its public 
nas habitis of comfort and elegance which mui^t always render it 
«lifiicult to sjitisfv; and its subscribers, coraiugfor pleasure, ought 
not to find theniselvi»s worse ofl" th.an if they had stoppetl at home. 
All the seats slum id therefore be roomy and comfortably appointed. 
At the same time an injuriously liberal distribution of space 
must be guarded agaiusU The boxes must be wide and high. 
The stalls uiu.st be wicle .also, with space fur easy moving to and 
fro between their rows; but nt t}ie sjiiue time, without being 
crowded, the spectators nuist be iu cuiiLiict. Iti a theatre sensa- 
tions run tluN>U'.;h the audience almost like an electric spark, audi 
by i.stihitiog thf speoUitors, jis fur example would be done by 
doubling the present allowauce of apace to encli one, the result 
would simply W to ut-ike the perforniiuicea chilliug in llieir etlect. 
Moderaliciu mudt therefore be ob»ervetJ, iiuii the following dimeu- 
■ious are the most appropriate iu our upiniou. 

Width ill loetrcs. Depth Id metre*. Ft. ia. Ft. in, Ft, ia. 

Boxes for six peTBoua loO -iSO 7^5 i>x8 3 

., four ,, I .10 I7'l = ft 0X5 7 

A mphithtiatru stalls O'TU 1-00 = 2 3x3 3 

Orchwftra „ -05 000 to 1 00 = 2 0x8 2ito3 3 

lit „ „ -65 0-75to060= 1 l>x2 •> to 2 7i 

26. These dimensions admit of the boxes being furuishwl with 
chain* of the most contfortnbje shajies, and allow great comfort in 
the stitlls. Kach b<ix would jdso be at tern led by .h little aiiie-room, 
neces.'Vtrily narri^w, because its width must be regulutwl by that 
of the box it belongs to, but which must be ruumy enough to 



afford a pleasant place for social intercourse between the acts 
A depth of 3 metres (10 feet) would appear to us ample. 

27. To recapituhite — it appears to us Dscesa&iy to limit ths 
number of seats in the new house to 2000, and to apportion 
them as follows : — On the floor of the house, the lowest part 
being on the same level with the lobbies — (I) A tier of baignoires 
with ante-rooms; (2) The amphitheatre (130 to l.?Gseata); (3) The 
pit; (4) The orchestra stalls (200 to 2.00 seats). Raiaed---<5) Two 
tiers of boxes approached by the ptincipal staircase : the first 
tier includiog (A) a series of closed boxes with ante-rooms; and 
in front of these last (B) a tier of open boxes with four seats in 
each. (6) Lastly, one or two upper tiers— the highest being 
divided into seats rather than boxes. 

28. The acoustic conditions which the future bouse must 
fulfil, and the systems of lighting and warming which onghttobe 
preferred, are subjects fur specif investigation, the examinattoa 
of these questions would not be appropriately includtxl in this 
programme. We will simply say, that ador^fires winch circulate 
hot air ought to be proscribed : they are extremely injurious 
to singers, whose breathing they oppress, and are a most active 
source of currents of air, for as they do not afford a possibility 
of equalising the temperature of the various portions of the 
house, they continually occasion rapid movements in the maaa 
of air which fills it. For lighting we believe the chandeliera 
and the rampc* to be indispensable, but the direction of the 
opera is far from thinking that these apparata cannot be 
improved, and at the present time is applying a system of 
rampe, the principle of which, without doubt, is capable of being 
worked out, and is calculated to obviate all the disadvantagea 
hitherto connected with this mode of illumination. 

Arrangement for the h« qf the Emperor. 

29. Tlie imperial box will be placed as now at the proeoenium 
of the first tier of boxes; the staircase giving access to it must 
be easy aud with few steps. Its dependencies will consist in — 
(1) an aule-room or gaanl room; (2) a room for aides-de-camp; 
(3) a large saloon; (4) the small private room of H. M. the 
Empress; (5) dressing room, wardrobe, closets, &c. 

30. This suite of rooms must be entirely disconnected from all 
other defMirtments; means of at any time opening a communica- 
tion with the house, and another with a small box overlooking 
the Bta2;e {itur k theatre) mu.^t however be provided. 

31. The vestibule giving access to the stAircase must be wide 
and easily approached, and ought to open up>on a closed 
porch Large enough to contiin at one time the imperial carriage, 
two carriages of the suite, and the escort. 

32. In nn inner court near this porch there should be — (1) a 
standiug for three carriages, with their horses put to them, and 
a stable fur two or three outriders' horsies; (2) a gaaiii-bouse aud 
stable for the escorting picket (lifteen to twenty horsemen and an 
officer); (3) a guard-house for an infantry picket (twenty-flve to 
thirty men and an otficer); (4) a station for the "cent guardee" 
(ten norsemen); (6) a stable for their horses; (6) a room for livery 
servants (fifteen to twenty persons). 

;^3. On state oocaaiona the inperial box occupies the centre of 
the drsttierof boxesoppositethestage. As do permanent arninge- 
luent and solid box exists (as ia the case in the gi^at houses of 
Germany, Kusaia, aud Italy, an armngeraeut the nobleness of 
which cannot be denied), this box is improvised by means of 
temporary 8cafl"oldiugs and hangings, which alwaj-s recal too 
closely the armngetiienta for public fetes. It is certainly not 
snitable to run up an imperial Itox iu the same way that tlte 
ordinary decorations of the theatre are done, and above all on 
8t.-\te occasions, when imperial poiup is displayed in all iid 
grandeur, the imperial hoK ought to present the most elevated 
aud magnificent appearance, and every ornament of a trifling 
nature ought to be exL-Iuded. The state box ought to be an 
integral part of the architecture of the house, and ought to be ita 
leading feature. 

34. The chilling effect of this large box, commonly standing 
empty, is however dreaded, and it is calctdated that it would 
seriously injure the receipts, by desli-oying several of the best 
boxes: these arc serious objections, 

35. The following armngement appears to reconcile all difficul- 
ties. According to it the state imperial box would be constructed 
with all suitable magnificence, and of costly materials, bronze, 
aud marble, but in detached pieces easily movable, which would 
only be fixed when wanted; nothing is more easy than to aooom* 

* Slile lights b^huid tlie kcuob. 
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pliah Ukia bj aaitable adjustmeata properly incorporated with th« 
structure of the house. 

36. The arraDgenient of this box would doubtless he analagoue 
to that of the imperial tribuue in the theatres of Versailles and 
Footainbleau : but as it would be put up od rare occasions — not 
formiog part of the ordinary subscription nights — there is no 
re*aoa wfiy it should not be carried out on a most magnificent 
scale. 

37. As regards the box, then, what is proposed would cause 
DO alteration in the custoniaiy practice, which consists iu replacing 
a few of the ordinary arratii^meata of the house by a temporary 
structure; only this would be done in a monuuioutil fiishiou, and 
one worthy of its destination, instead of putting it up by the 
help of unsatisfactory uphoaterers' decorations. 

lifi. We sliould deaire, however, that the imperial saloon — to 
which purpose the public saloon is at present cjnverted on these 
oecMsions — should be distinct This saloon ought to be one of the 
moat brilliant appendages of the new house. Placed between 
ttte boxes and the public saloon, and entirely distiuct from 
tlie waiting rooms attached to the emperor's private box, it 
Biifht ou ordinary occasions, be thrown open to some of the 
audience, for example, to the aubscribera to the boxes, and 
would thus furnish to ladies something which the public saloon 
doea not atford them, a delightful spot for promenading and social 
intercourse. 



THE ECONOMIC ANGLES IN PARALLEL OPENWORK 
GIRDERS. 

Ukoer the term openwork-girders we include all properly 
bcmoed girdera, whether the bracing be of the triangiil:ir (charac- 
ter made use of in warren and lattice bridges, or of the diagonal 
doscription common in structuren of older date, and iu which the 
frwue is subdivided into quadrilateral openings which have their 
diagonals supplied with ties or struts. 

We purpose first to point out what influence (if any) the upper 
•ad lower raembora of the structure, 8ometime.s called the booms, 
kave U|)on the question, when the whole materi.il required for 
these, together with that for the braces, is to be rendered a 
miuiraum. 

lo estimating the quantity of material necessary for the ditfe- 
rent parts, we require for our present object their proportional 
vaJne^ only. And where no great precision is demanded we may 
treat of the strength of struts like tiesf, as independent of their 
lengths withtu moderate limits. In this pre[)arfttary discussion 
we shall not draw any distinction between the amounts of 
material requires] for struts and ties subjected to equal stresses, 
but represent the quantity or coat or weight of any strut or tie as 
proportional to its length multiplied by the stress acting through 
It : the most convenient units of length, and of atreaa or weight, 
being choeen. 

In Figs, I to 12, let the depth D be the same in each, and let it 
be taken as the unit for length; let al»o the span S in each=12 
tames the depth. Further, let the loa^ling be spread uuifonnly 
over the lop at the rate of iic per unit of length; or 6io:=W, over 
tbe whole span of twelve units iu length; u? represents the unit of 
veighi or atreaa= loading spread over a length of the span measur- 
ing 2D. Let N be t.iken generally to represent the number of bays 
or parts into which the span ia divided by the points at which 
tbe roadway or top-boom is supported by the bracings; when 
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there is but one series of braces N will be the number of triangles 
making tip the apnn. Let represent the augte which a bmce 
makes with the vertiail, and a the angle which it makes with the 
borixDntol direction. In Figs. 1 and 2, in which N is respectively 
rtiinl to 6 and 2, let us first adopt the very OBual 3up])Ositiou that 



each of the apices of the triangles receives the same share of tbe 
loading=6Hi-;-N. By the principles on which the stresses on 
such structures are calculated, we can readily affix to each bmce, 
as ia done in these figures, a number to denote ia units the ver- 
tical component of the stress acting upon it, wheu all the loading 
is on the structure (the stresses on the booms being then the 
greatest). Knowing the vertical component of the atreas on a 
brace we obtain the horizontal stress which it induces in the 
booms, by multiplying the former by the tangent of 6. And 
since the depth of the structure is taken equal to unity, the tan- 
gent of is simply the horizontal stretch of the brace. Proceed- 
ing OD these principles we obtain the stresses on the booms marked 
against the various parts in the figures;* and to obtain the pro- 
portional Quantities of the materiola fot the booms we have merely 
to multiply these streases by the respective lengths thus : 

Fig.l. ( Top =(5x2-f-8X24-9Xl)2=70 } _, .- 
N=6 t Bottom=(3x 2-1-7X2 +9X2)2=76 J ~ "*' 



Fig. 2. /Top boom =(9x3)2 = 64 \ _ 

N=2 I Bottom do.=(9x6}2 =108 J 



=162 



Now we have here an increase in the material required for the 
booma accompanying the diminution in the value of N, and thia 
deduction is borne out by other similarly treated examples, and 
might very readily mislead us, as it hu alreody misled .one 
writer, into thiukitig that there is an advantage to be gained by 
an mcrease in the Duml>er of the triangles above what would be 
the most economical were the material of the braces alone to be 
reduced to a minimum, ije., that should bo diminished or a 
increaaed above 45*^, the well-known economic angle for the 
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braces when these are arranged in iaosoelea triangles. This 
erroneous view springs from the figures 1 aud 2 not truly repre- 
senting the conditions under which a uniform loading would be 
borne. The assumption that every one of the apices of the tri- 
angles receives an amount equal to W-i-N ia incorrect. A little 
consideration of the mode iu which the loading ia brought upon 
the points will convince us that the points immediately adjoining 
the piers receive each only three quarters of the amount of the 
loading given up to each of the others, the other quarters being 
supported in a direct manner by the piers. The true conditions 
are therefore those shown by Figs. 3 and 4; and calculating the 
proportional quantities for the booms, as before, wc have for 

Fig. 3. f Top =(4?x2-}-7? x2+b? X l)2=G7-5 ) _ 
N=6 \Bottom=(2jx2-l-6|XS-h8|x2)2=73'0i"^^° 

Fig. 4. / Top boom (6|X3)2 =40-5 \_,o,,, 

N=2 \ Bottom do,=(6|X 6)2 =81-0/—^''^^ 

Here then we are led to an opposite deduction, and all similarly 
and correctly treated examplea confirm it, viz., that a diminution 
in the material required for the booms to resist the longitudinal 
streases acoompanieH a diminution in N; and consequently, if the 
consideration of the booms be admitted into the question, aud the 
value of N be optional, the economic value of will be greater, 
or that of a less than 45°. 

When, as in the succeeding figures, the stnicture ia suspended 
at the extremities of the upper member, and the loading spi*ead 
uniformly over the top, then every apex will be loadeu exactly 
to the extent of W-f-N; so that with this arrangement of the 
structure, the error we have discussed above could never have 
been fallen into. Tbe results fur the figures A to S are as follow : 

Fig. 6. 



N=6 

Fig. 6. 

N=4 



j Top =(2i X 2-1-6^X2-1-8 J X 2)2=70 \ _,^ 
iBottom=(.5x2-H8x2-|-9Xl)2 =70)"**^ 

=6751 _,,;► 
=67-5 )=*^ 



/Top =(3|X3-f-7|X3)2 
\ Bottom=(6i X 3-1-9 X l|)2 



* TtwMe Ban ben luif e bMo ocnlttcd in mom oT the Hcotm, iNit ars all ctvta Is tl^ 
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N=3' h°P =(4X4+8X2)2 

^=63*" 26* \ Bottom=(8x4)2 

Fig. 8. /Top =(4iX6)2 
N=2 \ Bottom=(9 X 3)2 

So that we have here the same result as trhen the former figures 
3 and 4 were correctly dealt with — a dimioution of the material 
in the booms accompanying a diminished value of N. It would, 
however, be proceeding too nastily to condnde that the degree of 
slope of the braces directly affected the amount of material 
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required for the booms. The fact is, we have not yet carried the 
analysis far enough : in the conversion of Fig. 6 into Fig. 7 two 
changes have been made: we have changed the value of the angle 
tf, but we have sdso changed the arrangement of the concentrated 
points of the loading, as well as the portion of the loading 
(="W-7.N) which is in a direct manner imposed upon the piers. 
It remains then to discover what eifect these change will produce 
on the requisite material for the booms when each is constrained 
to act independently of the other. 

First then let us make such a change on the loading of Fig. 5 
as is exhibited in Fig 7, but without being complicated with a 
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change in the angle 0; this we are enabled to do by adopting 
the arrangement shown in Fig. 9, for the booms of which we 
have : 



nLo' I ^**P ^ (2X2+6X2+8X2)2 =64 
5=46»(Bottom= (4X2+8X3)2 =64 



[=128 



Which when compared with the calculations for Figs. 5 and 7 
shows that the simple change of the arrangement of the loading 
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is sufficient to account for all the difference in the results. But 
to make it still more clear that it is . the change in the loading 



alone that causes the difference in the results, we add ilgs. 10, 
11, and 12, in which the arrangement of the loading is retained 
exactly as in Fie. 5, but the angle $ is very materiidly altered. 
The results for uiese are : 

^=6' l^^'P =(2X2+6X2+8X2)2 = 641^140 
tf=63» 26' \Bottom= (3x2+7X2+9X2)2 = 76/ 

^=q' (Top =(5X2+8X2+9X2)2 = 88) 14Q 

ft=63» 26' & \ Bottom= (6 X 2+8 X 2)2 = 62 / 

Fig. 12. f 

N=6 Top =(9X6)2 =108 

^=63° 26', i =140 

75" 68', Bottom= (2X2+6X2)2 =32 

& 80° 32' ^ J 

All of which results agree with that for fig. 6, so that we must 
come to the conclusion that the value of has no direct 
influence on the quantity of material required for the booms. 

The saving in the booms from a reduction in the value of N 
must be chiefly caused by a larger portion of the load being 
deposited at once upon the piers. And this reduction of tiie 
load actually imposed upon the ft«ming of the structure must 
idso, cceterit paribus, have an influence in reducing the material 
required for the braces. So that the economic angle for the 
braces considered alone would, if we might choose any value for 
N, come out somewhat greater than 46°. In structures such as 
Figs. 1 — 4 the loading actually thrown upon the bradog is 
=W— (W-i-2N), and in those like Figs. 6—12, it is only=:W— 
(W-r-N). In lattice bridges with many series, N (=the number 
of bays into which S is divided by the pointe of concentration of 
the loading) is very high, and then nearly the whole of W is sup- 
ported by the framing. 

When there is but one series of braces under the conditions of 
Figs. 5—8, then D the depth being taken as the unit of length, and 
therefore S-i-D=S; and the unit of load or stress being taken 
equal to the loading lying on alength of thespan=2D, W=(S-r-2) 
units of weight. For such figures, when N if on men whole numter, 
we have no difficulty in arriving at the following general 
formulie for the proportional quantities of material reanired for 
the booms and braces, these quantities being representeo all along 
by the stress multiplied by the length of esich part Let the pro- 

Eortional quantity for the booms be representea by B, that for the 
racing by B, and that for the whole girder by G=B+B. 



N odd or even < B : 



WS» WS» S» 



6D 



6DN«, 12 



12N» 



— io -torn '" ^f 



R = ^ ND sec* fl, but sec»5= -^ + 



N even ■ 



^ »» , WN ^ 



WS' 

8N 



S» NS 
16N+ 4 



<'=i:('+t--^+f) 



(2) 
(3) 



Differentiatinff the value of O with N as the variable, we have, 
after clearing ue coefficient, the following equation for 6 a 
minimum 

|S» = iS^N-N» (4) 

Now to satisfy the premises, N must be an even whole number, 
let tis therefore assign to it successively the values 4, 6, 8, 10, &a, 
the resulting values of S will show the proportions of span to 
depth which require exactly these values of N to produce the 
minima. The results, with the corresponding values of 6, are 
given in Table I. 

Tablb I. 



N= 


4 


6 


8 


10 


12 


14 


16 


100 


S= 


18-86 


16-10 


19-60 


23-36 


27-21 


31-12 


86-06 


202-7 


9= 


60°0' 


63°18' 


60''48' 


49°26' 


48''36' 


48'!' 


47°S7' 


46°2S' 



We may now take a particular value of S, say = 16U0 times 
the depth, and calculate the values of G by formula 3«to show 
what amount of extra material is incurred by departing fcom the 
most economical value of N (here =6); and it will be nwtved 






i 



I 



I 
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£rt>m the reanltau given in TaWe IL that the vAriations in the 
ralues of G are aurpri:iingty «mall, and would be still lesa so were 
B of its full value, aa explained further ou. 
Table II. 

847'77 
8=1«10. B=847-77- 



N> 



26083 
and R = —^ +4025N. 



N 



N = 


SI 


4 


6 


8 


10 


12 


16 


B = 


260-S3 


326-04 


333 -11 


342-34 


34480 


3 45 '36 


34641 


R = 


188-46 


81-31 


67-62 


64-80 


66-33 


70-04 


80-70 


= 


899*29 


407-35 


405-78 


407-14 


410-63 


415-40 


42711 


# = 


76' 3' 


63° 85' 


M° 18' 


45° 10' 


3S° 50' 


33° 51' 


26° 35' 



The case of N=:2 is exceptional, it does not satisfy, after the 
(Mme manner as do the other values, the equation (4) by which 
Table 1. is calculated, and in Table II. it producea a secondary 
uioioinns, the proper nuiiiniuni being at >J^=6. 

Itiihonld be borne in mind that the vnriationa in the values of 
B are produced solely by the variation of N, the number of points 
at which the loading is caosed to concentrate or is supported, 
and that the valne of ^ has no direct influence on the value of B. 
Now if N be previously determined upon to suit the requirements 
of the roadway, suppose it to be =16, then the corresponding 
^oeof B, =346'4i, is fixed, and unaltered bv any value that may 
be aaigned to 6; and therefore in such a case the economic valne 
of 4 fur the whole girder will be that which under the particular 
conditions gives the minimum for the bracing taken alone. When 
the bracing is of the iansceles character the rainimum of the 
bracing wiU accompanv the nearest practicable approach to the 
case of ^=45°. So that for N=16 and S=tC-ll>, Table II., 
instead of using d^26°35', with R=80-7,when one aeries of braces 
only ie admitted, we nmy adopt a form in which there would be 
two series having a prevailing angle ^=45°!', except at theenda, 
where it may be necessary to combine the two series into one to 
satisfy the conditions. 

In the above calculations R as compared with Bis undervalued, 
in the first place, because the material of the bracing as there 
estimated is such as would be required for a uuifonnly distributed 
conttiint loading. But when the loading is wliolly or partially a 
moveable one the amount of material for the braces beeomta 
increased, without however affecting the value of B in the least. 
Again, the allowance of material in proportion to stress would in 
practice be greater for the braces than for the booms. But this 
part of the question is not of that importance that we need dwell 
at greater length upon it here. 

The conclusions that we have arrived at are : 

1. When the loading and the beariugson the piers are on one 
level (or, in other wortlsjwben thereiea ujll-lengthed bay adjoining 
each pier), and only one isosceles system of braces as in Figs. 5 to 
8, and when the number of (>oints in the span to b« supported bv 
the bracing may be of any number,— the lightest structure will 
be produced by a certain low vaiueof N dependent upon the value 
of S^D, as shown in Table 1. But on the other hand, as shown 
l^ Table II., the variation produced in the total weight of the 
girder by varying the value of N is \'ery slight, and therefore 
that value would be chosen which gavea'sufficiently liberal num- 
ber of supports to the roadway. 

S. When N is fixed or previously determined upon, but the 
point* of support on the piers, the number of series, and the 
arrangement of the braces are jail left optional (as in Figs. 5, li), 
II, and 12), the greatest economy will be secured by causing 6 
t*i approximate to a certain economic valne to be determined for 
the particular kind of bracing ond materials to beem}>loyed. The 
minimum fur the bracing taken alone having in this case to be 
oousjiiered. 

In our next we shall discuss the economic -values of 6 for 
rarioaa forms of bracing, and draw oomiMirisons to show their 
relative OMts. 

EJinbuqjb. B. H. B_ 

VENTILATION OF DWELLINGS AND HOSPITALS. 

( Continued from j>a>)r S.'i.J 
_ 0« leaving the comparatively simple question of the ventila- 
ticni of ordinary dwelling rooms for that of hospitals, we at once 
MOOQliter a vast complication of conflicting opinions and practice, 
aad a r«ally perplexing nniounl of contradiction in the views of 
tbom wbo are considered authorities. The cauiea of this compli- 



cation are twofold. First, the problem itself is a less simple one 
than th«t of how to ventilate an ordinary dwelling room, 
because in hospitals other causes of vitLition are at work besides 
respiration; and the air which is rendered insalubrious by these 
agencies is less elevated in temperature, and consequently less 
readily discharged than that vitiated by respiration. Secondly, 
the very fact of having a large building in which vacant 
spaces can be found, in which a system of pipes and flues 
can be constructed, and in which attendance, fuel, and even 
steam-power can be procured if wanted, tempts those having the 
care of arranging the ventilation to venture uix)d some elaborate 
" system," for carrying oui which the baihiing will oifer facilities 
impossible in a private house. Accordingly in hospitals, and 
we may add in other great institutions, above all in prisons, we 
find what is called " artificial " ventilation adopted in a majority 
of cases, and frequently we see an amount of scientific skill brought 
to bear upon it which merits the highest tribute. 

An artificial method or system of ventilation may be defined as 
a method or system where the motive power for removing the 
vitiated air and introdnciug fresh is something other than the 
natural rise of temperature due to the warming of the air of 
respiration while in the lungs. Writers on ventilation have 
Sometimes recognised two classes of artificial systems, calling those 
systems where artificial power is employed to force air into a 
room furnished with suit-ible outlets, so that it may pass through 
the room and out again, systems of plenum ventilation; while 
those systems where the power is employed to draw vitiated air 
out of a room, without applying power to the inlet, are termed 
vacuum systems. This distinction of systems, designated how- 
ever by the more scientific appellations of ventilation by pro- 
pulsion, and ventilation by extraction, is found recognised in 
extract from Ke^wrt of the Barracks and Hospital Commission 
which we have already given.* 

The artificial ventilation of hospitals has been already treated 
of in our columns, and almost nil that can be said in its favour 
will be found in the two articles on the subject which we printed 
in 18&S.t Arguments for at least a partial use of ai-liticial 
means will be there found of a cogency almost unanswerable, 
and the experience of certain foreign hospitals has been again 
and again appealed to by the sup|)orters of this plan, yet we find 
the barrack and hospital commission deciding against its adop- 
tion; and it will not be difficult to show that in coming to that 
decision tbeir views coincide with the published opinions of many 
of those who in this country are now considered competent 
authorities on the subject of hospital ventilation and construction. 

The desirability of perfect ventilation in hospital wards would 
be partially recognised -without our insisting on it at great length 
— but few who have not paid special attention to the subject are 
quite aware of its paramount importance. In one ward of an 
hospital the sick will linger, wounds will refuse to heal, gan^ene 
will be frequent, and fever will from time to time occur, while in 
another ward of the same building, under the same regimen, 
nursing, and medical attendance, the sick will habitually recover, 
and hospital gangrene and fever will be unknown. This ia a 
matter familiar to physicians, and the explanation ia always to 
be found in the coL>iLruction of the ward itself with regard to 
ventilation, the thoroughly airy wards being invariably those 
where the process of recovery goes ou as the medical attendauta 
would desire and expect, the close and badly ventilated ones 
being thoae where it is checked and prevented by an unseen 
but not imperceptible enemy. 

Upon this point we may refer once more to the Barrack and 
Hospital Report. 

"The atmosphere of a eiiok ward, besides being deteriorated by the ordi- 
nary prooess of respiration, ia filled with uiiauns generated by the tick. 
These, if not suffioiently diluted and rapidly carried away, give rise to 
what are oallsd hMpitol "contagions'' owl "infections," which, •« all 
experienoe has (irovwl, ore far more prejudicial to the sick than is the 
breath of healthy men to the healthy. Sick men in hospital ore much 
more expusad to dongsr from snch causes than ore healthy men in bar- 
rooks, because not only are sick more susceptilile Ui the influence i4 such 
miasm*, but the emanations theawilvca have often a qMciol poisonous 
quality, and generate disea»e even among healthy atteailonts." 

We may also quote, from a pamphlet of great value on hospital 
arrangement by Mr. John Koberton, of Manchester, a few words 
very much to the point. 

" So wide ia the difference between the wants of a ward filled with the 
sick and wounded with respect to ventilatia«i, and the warti of «very 
other kmd of oportauent i&jwhich paople in health ooogregat* or lodgc^ 
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that the means which are found sufficient to nuuntaiii the purity of the 
one tail in maintaining the purity of the ottier: and an architect who lias 
not submitted to make hiniMelf familiar with the state of the atmosphett) 
in, for example, the crowded wanls of a l>ai% or>n«tructed hospital, at 
those hours of the day and night wliou the wlniissiim or the exclusion of 
air is left t«> the uurae and patients is ill <puUified to form an opinion on 
ward ventilation. Until the arrhitect will consent to give his organ of 
smell a few minutes' pnuitical trainiug, about six or 8«;ven o'clock hi the 
morning, in a crowded surj^ical wanl, ho can never realise th; inipirtance 
of a truth whicli cjiu hanlly be enuncjatoil with ton gn»it unipkwis — that 
not merely must a wanl, if it is to bo kept sweet, \>c v.-ntilatod in the 
ordinary scum- of the term, but it must Ikj so ventilateil as to secuni 
for it rt< conglanf ranewU of thti confiujied air- -the displacement "f 
the fcptid effluvia evur lieinijt emitted from the UMlies of the sick and 
wounded, and the substitution instead, of air, not drawn from cellars, 
corridors, and pitssi^fi, but admitted direct fi-om the sfairv of the unpol- 
luted heavens." 

Having thu.s iminted out the peculiar necessity of perfect venti- 
lation for hospitals, we propose to proceed very briefly to describe 
first, the views and pinna of those who prefer ventilation on the 
natural method, and lastly to give some account of one or two 
of the most successful sv-stcnis of artificial veutilatiou of huspiud 
wards. 

{To be ontlnufil.) 



TUK STATICS OF 15RID<JF:S. 

The Suapensum Chain* 
Having ascertained the mechanical conditions of equilibrium 
in a chain, a»d showu how to determine itscurveby coustruction, 
we may now venture to generalise a little further. This will be 
best accomplislied by the aid of algebra; an instrument we have 
hitherto employed as little as possible.— our object having been 
to obtain practical results by a plain and tangible method, before 
proceeding to more abstract reasoning. 

The 8im|)le3t aose is that in which, the horizontal distribution 
of the load, and the rise or versed sine of the chains being given, 
it is required to determine their curve and find the amount of 
tension. This is genendly speaking the problo-n to be solved in 
any ordinary snspeusir>n bridge. The curve of the chains is cdcu- 
iatod with reference tu the load on the platform, of whicli the 
distribution is known. The tension is reckoned fmm thecombined 
action of the weight of the chaiu and the weight of the load. In 
this computation the weight of the chain may commonly be 
averaged as if its horizontal distribution were equal, without 
introducing any large error into the conclusion. The curve of the 
chains thus found will bo an approximation sufHciently near the 
truth for all pnictical i)iirpo.se.s, so long as the proijurtiun of the 
weight of the cliaitis to the total lo:ul is not large. 

When tlio towei-s are equal ami the loading is symmetrical, 
the point of greatcKt moment will of course come at the half span, 
and it is there that the lowest point of the chain will acconliugly 
be found. 

When the disposition of tho load is no longer symmetrical, the 
oUowing rule gives the jjosition of the piint of greatest moment, 
or lowest point of tlio chain, the towers being equal: — Find the 
centre of gravity. Divi.lu the tofaU amount of loail Wtween the 
two towers in the inverse r.itio of the disUmces of its centre of 
gravity from either. The point where the load is thus divided 
is that of greatest ni'>nieiit. 

Where the towers are of unequal heights 'A, on the left and h., 
on the right), the point where the load divides, or the lowest 
point of the chain, will be so placed that A, : h, : : moment of 
left section of load : moment of right section of load. 

If the horizontal rate of loading is iiiiiforni, the application of 
the preceding rule is very simple, the distance of the lowe.xt jjoint 
of the chain from the half span being at ouce re<lucible to the 
following expression: 

a,-i-a,-2v//:7j- ., 

•/ \Jt., — A,.. 
Or thus : — Take the arithmeticiU mean of the heights less the 
geometricd mean; divide by the difference of the iieighta; and 
multiply by the span. The result will be the distance from the 
half sj«iu at which the load <livides. When the heights of the 
towers are not only uiie(ju.il, but the lojuliiig also irregular, the 
manner of distribuiion of the losid has to be consitlered before 
the position of the low&st jioint of the chain csin l>e juvdicted. To 
this end the readiest and sui-est means will be to plot the Curve 
/>/ Lo!uiiu;t. In Fig. 3") the horizontal line AB reftrcsents the 

' C\>tit/i;aed Irtm page SO. 



span, and the line Am L the Curve of Loading; of which the 
ordinate at any point is equal to the aggregate load measured 
from A,— the last ordinate BL being equal to the total load on 
the platform between the piers. This curve, if divided at the 
proper point by a horizontal line, will give areas equal to the 
respective moments of the loads* depending from the two towers 
respectively. Thus, supposing toM: to be the line at which the 
load divides, draw the horizontal line amb cutting the Curve of 

Fi8. 35. !>,,. jg. 




Loading in m. .A a will then be the loail on the tower at A, and 
the area Ama will be the corresponding moment. Ub will be the 
load on the tower at H, and the area Lmfr the corresponding mo- 
ment. ]{ut by the rule alreaily given, the respective moments are 
to each other in the ratio of A, : A^. Therefore h^:h^ : : area 
Ama : area LmA. The position of m which gives areas satis- 
fying this e<iuation is soon found by trial. The ordinate m M will 
then give the true <livision of the load, or the position of the 
lowest point of the chain. When the towers are equal, 
Area Anw-^Area L»ii. 

Having found the position of M, the curve of the chain can bo 
determined by means of the moments, in the way already 
shown {ante page 4!).) The Horizontal Tension will be obtained 
by <lividing the total moment on either side of M by the height 
of the tower on the same side. The heights of tho towers have 
been ttiken throughout the foregoing investigation as measured 
from the lowest level of the chaiu. 

The pn)portion between the ordiuates of the Curve of the Chain 
and tho.se of the Curve of Moments being constant and 
measured by the amount of Horizontal Tension {ante page 48), the 
following e^iuationa will hoUl good. 

Let \i be the rise of either segmeut of the chain taken from 
the lowest point; M the moment of the corresponding load; / 
the aggregate load up to a certain {xiint, measured from the 
lowest point of the chain; m the moment of the same; T the 
horizonttd tension. 



Then IJxT 



M 

M, and T= j- 



or, hor:z:jntal tension = 



moment of segment of chain 



rise of same 
m 



yXT=m, and.v= 7^ 

dJr T 

dl 

d'y dr _ horizontal rate of loading 

fir- T horizontal tension 



(A) 
(B) 



(C) 



Itadius of curvature at lowest point of chain (when there is no 

concentrated load at that point)= — ; — t- — ••• i^) 

^ ' rate of loadmg ^ 

The equations (.\), (B\ and (0) are identical with those given 
(vol. xxiv., p. ;J4S) in treating of the line of pressure of the arch. 

In considering the curve in which a chaiu would hang of itself, 
we havf to wt out without the knowledge of the horizontal rale 
of loading. What we know is merely the sectional weight of the 
chain, or what may be chilled the tangential rate of loading. 

Now, ''tangential rate of loading) xrf* = ((horizontal rate of 
loading! Xrf-», and consequently, from e<|uation ((.'), 

<U'- 

Or if we put w — sectional weight of chain (or tangential rate of 
loading) 

* B«c»n<e m—r.l.ix. Or Moment = Integral of Load with reapect to Horiaontal 
Distuicc, :^ Vol. ixiv, p.6fi 



dt tangential rate of loatling 
fit horizonttil tension 
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^=£x?V('+a>? 



(E) 



The eqaation (E) gives the general conditions of catenary curves, 
viz. : — the relations between tlie form of a curve, the horizontal 
strain, and the sectional weiglit, whether condtaut or variable. 

The equations (A), (B), (0), and (D) of course hold good for all 
catenary curves. When Die aeetional weij^ht of the cliain is uni- 
form (or w a constant) the curve of equilibrium will be that 
known as the Common Catenary. 

In this case, the load / and the arc » being alike measured from 
the lowest point of the curve, I = wXs :. (from equation (B), 

<Lt \T / T ^'■•' 



But ^ = 






(•2.). 



Let — =o (which of course is a constant); then (2) gives, 

1 w^ 

*tbu aubatitntion of — for -- 
a' T" 



t =v 



f 
' or 



(3.) 

The definite solution of this differential equation (when the 
origin of jt Is taken at the lowest point of the curve) will be 



But, from (1), 



* = |-(e»-e"^")* . 

<fy _ * /I - — - \ 



dp 



(4.) 



(.5.) 



(jf b3ing=0 when *=0.) 

Let t = the amount of tension at the point (x, y) in the direc- 
tion of the tangent of the curve. Then, by resolving t into the 
horizontal tension T and the load I, we find tliat 

fi=T:'+P = w'la'+r) (6.) 

whence it is readily deduced that 



<=«Xj(] 



(7.) 



^ ^Eo-t-E »; ••• 

Or, t=wx{tf+a) (3.) 

The simple relations between the Tension, the Arc, :ind tlie 
Ordinate, expressed in equations (6) and (h) can be visilJy dis- 
played in a diagram. In Fig. 36, AOB is the Common Catenary. 
COiM is the axis of y, and is at once the lowest point of tlie 
carve and the origin. 

The horizontal line DR is drawn at the distance CO=a below 
the axis of x, and is termed the Directrix. To find the tension 
(=f) at any point P, let fall PV perpendicular to the Directrix. 
Then, (from Equation (8)) <=wxPV. From the centre C 
describe the circle of the rsidius C0=«. This might perhaps 
deserve the name of the Directing Circle, on account of proper- 
ties to be now explained. 

From P draw the horizontal line PN to meet the axis of y 
in N. From N draw the line NQ touching the circle in Q, and 
jom the radios CQ. Then NQC is a right-angled triangle, of 

which we know the hypothenuse NC to be = — , and the side 

w 

CQ to be = o. .-. (from Equation (6), the other side NQ = *, 

=Arc OP. 

It follows from this property of the Directing Circle that the 
line NQ is parallel to the tangent PT. For PT : TV : : Tan- 
gential Tension : Horizontal Tension. : NC : CQ. And 
idnee NCQ and PTV are both right-angled triangles, and 
have the sides enclosing the angles at N and P res|)ectively pro- 
portional, these angles must be equal, and consequently NQ and 
FT are parallel to one another. 

For a known amount of Horizontal Tension (in terms of the 
•ectiooal weight of chain) we can therefore very readily find the 
direetkn of uie tangent at any given elevation. From these data 
it is possible to construct the curve without reference to tables 
of lo^ajilhrna 

■ E being the bHe of bjptrbolieUigvitbwM, 



THE ELEVATION OF THE EXTERIOR RAIL ON 
RAILROAD CURVES, Ac. 
By OuvKR Btrnk, C.E. 
Let Iff be the weight of the movmg body or train, V its velocity 
in feet a second, K the radius of the curve, and ^=the force of 
gravity at the surface of the earth; and letyrepresent the centri- 
fugal force: then by a well-known dynamical expression 

tffV' 

If R=one quarter of a mile=1320 feet, V=velocity=38-6 feeta 
second, and ^=32j feet, 

•' 32^X1320 5500 
In this example the centrifugal force is about ^g part of the 
weight. 

If R=a mile=5280 feet, g as before=32i feet, and V=60mileii 
an hour=:88 feet a second, then 

. iffX88» 1 , 

■^=32j^r5286=22"'^^^^y' 
In this last case the centrifugal force, that urges the moving body 
to leave the curve, is equal ,', part of the weight of the moving 
body. This force is in a great measure counteracted by the 
conical tread of the w^licels, eacli pair of which is firmly fixed to 
an axle AB, Fig. 1. The rails C and D may be level, yet if the 
points of contact be at I and E, coned wheels will run round a 
circle whose centre is at Q. If the {Mints of contact of the rails 
be I and F, then the centre will be at O; but if the wheels assume 
the position that tho equal circles G and H come in contact with 
the rails C and D, the axle AB and KL would be parallel, and 
hence do not meet The conical tread, the lateral play of the 
flanges, about half an inch on each side, and the centrifugal force 
of the weight moved on the curve, enlarge the diameter of the 
exterior wheel B, and diminish that of the interior A; hence 
there is a centri))ctal force directed towards the centres of the 
cones Q, O, &c., as the rails change their points of contact on the 
coned tires. Let d be tho diameter of the wheels at the circles 
G and H, when they stand level, or rather when the line KL 
joining the points of contact is parallel to the axis AB. Let the 
outer diameter be increased by a variable small quantity :, as tho 
rail touches nearer the fhiuge; or let the outer diameter become 
(/ -f- 2, it is evident that the inner diameter will become : — :. 
The value of -, generally varies from to ^ of an inch; so that 
the diameter of the wheels may be made to vary according to the 
circumstances of the motion from about 36 to 36'6 incites, some- 
times more and sometimes less. Let r be the variable radius 
OT, answering to the increase z, and h = the gauge or breadth of 
the road CD; then r-\-\h and r—\b are the distances of the 
circles of contact from the centre O. By similar triangles 

h h 

d-\-z : d—z:: r + — : r 

2 2 

bd 

If the breadth of the road =47 feet, the diameter of the wheel 

.'. d : z :: 2r : b 
=3 feet, and x=:one-tenth of an inch, 
12X47X3X12 



OT = r = 



•2 



= 10152 inches = 646 feet 



Again, for the sake of example, let z equal ■^'5 of an inch, the 
breadth of the road=7 fcet=84 inches, the diameter of the wheel 
at the level tread =30 inches. Required OT=r. 

r = 2il2i^ = 5040U inches = 4200 feet. 

•05 .,v-a 



But the centripetal force corresponding to radius r is p ■= 



y 



which acts in a contrary direction to the centrifugal force: Uiey 

will hold each other in equilibrium when they become equal, and-" 

the train will have no inducement to fly off the track; 

iffV wV 

.". ;r- or r = R. 

gr gB. 

Consequently the vertex O of the imaginary cone must coincide 
with the centre of the carve of the railrmid, to avoid slipping or 
dragging. But it was before shown that 

_bd ^ ■o—**' . _^* 
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which ia the increment and decrement that the exterior and 
interior wheels respectively receive to prodaoe equilibrinm 
between the centripetal and centrifugal forces of the train. 

Let the cauge or the road =: 6 = 64 inches, the diameter of the 
idieeiB at the points where they rest level on the iails=36 inches; 
B, the radius = 600 feet, 2 B X 18 = 14,400 inches; hence in this 
case 



64X36 
14400 



= '16 of an inch. 



The coning of the wheels will not compensate for much more than 



-J- = -=- ; 7 being the velocity. .'.«=-= 

J?Minf>fe.— Let R=1910 feet, p=32'2, 6=4-7 feet, y=44 feet 
a second=:30 miles an hour; 

4-7X44* 
•• «— 32-2 X 1910 — ***• 

This value of a involves the elevation given by coning the 
wheels; the proper coning for a radius of 1910 feet=B, as before 
established, is 



Fi«. 1. 




this, as there is only a play of about half an inch on each side 
between the flanges and the rails. 

Let Fw. 2 represent part of the tire of a railway car wheel; 
the rise from A to C haif an inch in 34 inches, that is, 

AB : BC : : 7 : 1. 
But in order that the statement may be general and applicable 
to all cases let AB : BC : : n : 1. 

When the wheels stand level on level rails, let E be one of the 
points of contact, DB the space given for the play of the wheel 
between the flange and the rail; this for the sake of example I 
put ^ i an inch = «. The rail and wheel may touch at any other 
point between C and A, yet the space DJB is unaltered, and 
the elevation will be as n to J. The diameter through £ is put 
equal d. 



n 



2o 



giving to V what I have just supposed to be its greatest value, 
alf an inch, s = |, and 

_ nd6 _ M 
~ 4« ~ 2ar 
It is dear that, as x increases, r decreases. Let <f = 3 feet, 
6=47 feet, m=\ of an inch=^ put of a foot; 

.-. r = 3 X 4-7 X ^= 692-2 feet 

the least possible radius of curvature on the suppositions made, 
in which the two forces balance each other, supposing the two 
rails to be exactly level. I will assume another case. 

Let v = i of an inch, and - = ^; 

s ^ — , of an inch 

n 14 

r = ^= 3X4-7 X ^* X 12 = 1184-4 feet 

2« 
Again, let « = | of an inch, e^ — = ^ 

.*. 2z = ^ of a foot 
.-. r = 3 X 4-7 X ' f • = 2368-8 feet 
Hence it may be inferred that the coning of the wheels, with- 
out a rise in the outer rail, cannot be depended upon in curves of 
less than 2000 feet radius. 

What I have said on this subject up to this is mere prelimi- 
nary matter. I will now find the elevation of the exterior rail 
for any radius B of a railroad curve. Let dr=the required eleva- 

tion; h, as before, the gauge of the road; -r ^1 he the force 

drawing the train to the interior rail on account of the eleva- 
tion X. This force must hold the centrifugal force in equilibrium. 



2B 2X12X1910 
on the supposition that 6=36, and (f=4 ft 8^ in. 
-224 
■044 

'180 inches rise of outer rail. 
When the coning of the wheels is so defective that the proper 
circles on the whedis cannot be employed, then the outer rail is 
pressed and broken by the flanges. It is in this particular that 
engineers have erred. Wheel-makers have no system of coning, 
so that the wheels they make may run on a curve with a given 
velocity without injuring the flange and outer rkil. In my Pocket- 
Fio. s. Book for Bailroad and Civil Engi- 

neers, for the first time I laid down 
' > the means of eflecting this object ; it 

' ' r is simple, when the rise (x) of the 

■ ^ ,, outer rail is formed for any radius 

', " (R) *nd velocity (V); if the coning 

< I («) cannot be established more or 

I less without constraint, the wheels 

will not run on the curve with flree- 
I dom. In &ct, at all the speeds on 

: every curve, the apices O, Q, Ac. 

i- . . _ _ (^S- 1) must coincide with the cen- 

"' ~^''' "" - tre of the railroad curve, or damage 
will be done to the running gear. 
Want of skill in this particular is, in America, made up dv a 
range given to the kingbolt, a lateral-motion beam, and otner 
contrivances. 

Example. — Let the diameter of the wheels = d = 33^ inches, 
at the points where they touch on the level rails ; say the coning 
allows the diameter of the outer wheel to be increased, while the 
diameter of the inner wheels are diminished -13 inch; what is 
the least radius with this play, that these wheels will accommo- 
date tliemselves to ? and wnat is the elevation of the outer rail for 
a velocity of 50 miles an hour on a track of 819 feet radius, the 
gauge = 4 feet 8^ inches ? 

R = 3?:^ Xff^ = ^^ = 7280 inches = 606 ft 8 in. 
2X-13 2: 

the least radius that these wheels will accurately accommodate. 
50 miles = 264,000 feet; velocity V = 73^ feet a second. 



_ 6V« _ 4-7 X (73 ^)' 
*~ jrB 32-2x819 
for a radius of 819 feet, 



'958, 



bd _ 2-8x47 _ 
'-2R~2X'8T9-*^® 

'958 — -008 =-95, elevation of the outer rail. 
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OK THE PRESENT ASPECT OF THE FINE ARTS IN 
ITALY, WITH ESPECIAL REFERENCE TO THE 
RECENT EXHIBITION IN FLORENCE.* 
By iL DuJUY "WrATT, Architect. 

To proceed with some little method, it will be well to take firet 
of all the three generally received Hno arta — Architecture, Paint- 
ing, and Scul^iture; .lud thcu the leaJiiig art-industties in succea- 
eion, noting briefly the ap(jureut condition of each in Italy at 
tho nreaenl date. 

>V ith regard to Architecture it may be observed that the per- 
nicious influence exercised by I^rtiini and Borromiui, whose 
trivialitiej obtained excessive vogue during the greater part of tlie 
17th cenlary, tended to tije productiou of that roavo style which 
caused a great deterioration in the florid ornament of the Roman, 
Venetian, and Northern Italian achonls. But extravagant .oa 
Beniini wan, it would be niijust to deny that lie frequently re- 
'm9 excesses, as in the c«^kninade of St. Peter's, and in the 
f St. Agucse, in thu Piazza Navonn, at lionie, by great 
iijii-iv of design and a certain not unnoble bnivura of style, 
Borrorniui's great follower, (.iiiariui, ouilleroded Honxl, and de- 
monststit-ed by an argumentum ad abiurdum, the ridiculous conse- 
qneu'"es of adopting the wlumsicjdities of Borroniiui. 

The brilliant talents of Vanvitelli, and tlie majestic scale upon 
which he worked out the iiutuensc Palace at Caserta, lendeil to 
maialaiu the dignity of hia art during the greater part of the 1 8th 
century; and showed that maguificeuce and grand conceptions of 
pictorial eflect had not yet deserted Italian architecture. From 
his death in 1773, architecture and ornament also greatly declinwU 
and although monuments upon a large scade have been frenueutly 
erected since that jieriiiil in Italy, but few of them are worthy, in 
an? qn.alily excepting that of scale, to rank with the purer taste of 
earlier tiutes. 

The feeble classicisims of the style of the Empire were generally 
slavishly reproduced in Italy during the eaily part of the ])reKent 
century; and until comparatively recent days little of considerable 
merit lias been executed. 

The works of Pirane^i, AlbertoUi, Cicoguara, anil Canina, and 
tilt' illintration principally by foreigners i^such as Percier and 
M;<7j>is, (irandjcan, Famin and Montigny, Gauthier, 
.i!y, Zahn, Giitensohn and Thiirmer, Gruiier, Taylor and 
Cressy, Willis, and Hesseroer,) of their great monuments of .art, 
have led to a return toa purer class of architectural orimiuenl than 
had been previously in vogue; while the earnest writingi^ of the 
Coutit Selvatico, and the transl.ation of Rio's Poesie Chretienne, 
li.we iutroduccd to tho Italian .architects those rational principles 
of detiign, including the treatment ot constructive form and of or- 
nament, originated amongst us l>y the younger Pugin. 

The great scide of the existing edifices, and the roparationn 
which it has been necessary to make from time to time to save 
them from deelruction. have constantly maintained Italian .arti* 
»ii8 in llie pnjclice of rivalling the ant-ient work; so th.vt in every 
(}<>|>artment of huiMing, hands at least ab<:iund perfectly capable 
of carrj'ing out the most difficult designs. 

No wtter illustration of this abundant material power could 
probably be given than the rapidity and dexterity with which the 
baildings for the ExhibilioD were adapted to their present pur- 
pose, in a few weeks oul^', under the skilful directions of the 
architects Signori Present! of Cortona, and Martelli of noreuce. 

The feeble academic system which has until recently prevailed, 
and under which the professorial chaira were not unfrequently 
occupied by political parasites, rather than by duly qualified pro- 
frMon of real abilities — coupled with the lack of occupation — has 
certainly enfeebleti the powers of the Inst generation of architects 
in Italy, although there ai^e, of course, some honourable exceptions 
to «nch A reproach. 

Among them I would place conspicuously the Cavaliers Nicolo 
Matas, of Florence, who is now on the eve of completing a work 
which must for ever do honour to his country. I allude to the 
restoratiou of the facade of the Church of Santa Croce, whicli is 
being conductwl upon a scale of nobleness worlliy in every 
respect of the building in which are deposited "ashes" which, as 
BvTon says, are in themselves "an immortality of dust." The 
whole of this work, which is of enoi-mous extent, is carried out 
in diflferrnt coloured m.arbles, wrought with an exactitude worthy 
of the celebrated masonry of the shrine of Orcngna in the Or Sau 

* Cmtianed frsm page SS. 



Michele, to highly praised by Varsari. The sculpture is being 
executes! by the moat distinguished sculptors of Florence, and the 
result of their combined abilities is such as could scarcely, I 
believe, be rivallet.! at the present time, by designers, artists, and 
workmen iu any of the capitals of Europe. 

Scarcely less praise should be awarded to the authors of the 
noble restoration now making of the Bargello at Florence — the 
old jtaloce of the Podcstas. 

Very recently a programme has been ptit forth, inviting designs 
from Italian and other artists, for completing the facade of the 
cathedral at Florence. The greatest })raiAe is due to the Italians 
for their earnest desire to remedy so great a blot as the incomplete 
state of this fafiwie has always been to that noble building, Santa 
Maria del Fiore, the master-piece of Arnolfo di Lapo and Bru- 
neleschi. 

In tho Exhibition, under the head of " Building Materials and 
Conlrivances" but little was worthy of remark, with the excep- 
tion of the terni-cotta, which was, generally speaking, very good, 
more especially in the article of stoves, and vase-s for garden deco- 
ration. There are some successful imitations of the works of Lnca 
della Robbia, as well as of the glazed and coloured tiles attributed 
to tHrolamo della Robbia. To these we shall however return, 
under the head of ceramics. There are .some intei-caling collec- 
tions of marbles and building stones, and some very excellent 
scagliola. No less than four exhibitors received pi-izes for the 
production of hydraulic cements — an article until reec?utly, despite 
their pozzolana, scarcely manufactured in Italy. An imitation of 
marble, made with cements of this deBcri|)tion, and atlrnirably 
coloured, has been perfected by the Marcliese Campana, of Naples, 
and several specimens of his skill have been purchased for the 
South Kensiujrton Museum. A manufactory of jiarqut'try on the 
Swiss system nas been lately established at Florence, and very 
fair specimens of flooring are exhibited. 

Of decorative painting as applied to architecture I observed no 
specimens in the Exhibition, but iu the streets and houses quite 
enough to assure me that verv great dexterity was common among 
men Tittle raised above the class of ordinar)' house painters. 

For more elaborate decorations we know, from the skill of 
Siguor Abbate, the decorator of the Pompeian house in the Crys- 
tal Palace, m this country, how readily competent decorators may 
be found; and it would, 1 think, require very acute observation on 
the poi-t of anyone inspecting the old arabesques by Pieriuo del 
Vaga, in the Vil!a Boria at Genoa, and the grotescnies executed 
iu the same buildinf; by Annibale Augiolino, of Perngi:i, now 
living, to distinguish between the old and modern work. 

Of the architectural ilesigns in the Exhibition I am sorry to bo 
unable to ai»eak in laudatory terns. The most industrious amongst 
the artists appear to be Niecole Bregalia and Panfilo Rosarti, of 
Naples, who produce many drawings of architectm-al fragments 
and restorations from Pompeii, executed in the French academic 
style. In the remainder there is bjit little merit, although in 
water colour drawings thei-e is evidence of considerable command 
over the delineation of architectural form. 

The modern paintings of the Exhibition have been «o fully 
and ably commented on, in the pages of the Ttmex by Galenga'a 
brilliant pen, of the Athentrum by Mr. Trollope, and of other 
journals, that I do not proj^se to dwell at any lenrth upon them; 
but would simply rem.ark that the old school of David and the 
classicists, as represented iu Italy by Camuccini. and to a certaia 
extent by his rival, lienvenuti, appears rapidly dying out; and in 
pl.ace of the well-drawn, but artificiallygrouped and Iwidly coloured 
gallery pictures, such as many of those of the late Professor Bez- 
zuoli, of Florence (one of which figures iu the place of honour ia 
the great gallery of the Exhibition), p«ire and landscape paintings, 
less carefiDly drawn, but einbi-acing more romantic incident, live- 
lier action, more natural effect, and far better colour, appear t«> 
preilominate. 

There are, however, two large giJlery pictures which merit the 
highest possible commendation. One is " Tlie Expulsion from 
Florence of the Duke of Athens," by Professor Stefano Ussi, 
which is a noble historical picture ; and the other a picture of 

freat power, by Domenico Morelli, of Najilcs, called "The 
conoclasts" — the subjects of both, it will be seen, rendering tri- 
bute to the importance, the one of political, the other of spiritual, 
liberty. 

Among the best of the pictures of less pretension than thesa 
two may be noted, "The Procession of the Burial of Baoudel- 
moate," by Altamura, of Naples ; two other ^vkt.vi'sc'i 'orj M.<3tvJic\.\ 

'^3^ 
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" The Council of Ten in the Courtyard of the Palazzo Ducale, on 
their way to the Hall of Council," by Celintono, of Naples ; 
" Some Incidents of the War," painted by Carlo Ademmolo, of 
Florence; and " The Battle of Magenta," by luduuo, of Milan, 
a smart touvenir of Vemet. Of the Neapolitan school one has to 
remark the specially improved character of the colouring and 
mode of painting. 

For the same reason that I have so summarily disposed of the 
paintings in the Florentine Exhibition, I would refrain from 
entering into detail upon the subject of Sculpture; but as, propor- 
tionately, the monuments in the fatter art are of a superior quality 
to the evidences of ability presented by those of the former, T 
think it but just to indicate a larger number of those works which 
appear to me to possess distinguished merit. 

To say that the spirit of Cauova is yet dead in Italy would be 
incorrect: but one is happy to recognise that, while much of liis 
eifeminacy and artificial composition is disappearing, much of his 
beauty of form and delicate finish in marble working is satisfac- 
torily preserved. The care ho bestowed in modelling the articula- 
tions of limbs, and the extremities genei-ally, is rivalled in most 
of the best works now exhibited, tuthough some few, otherwise 
excellent, fail in those important details. 

The work which has attracted most attention, and with goo«i 
reason, is the well imagined and gracefully carried-out figure of 
"A Girl reading," by Pietro Magni, of Milan. That sculptor, 
with Strazza (the author of the " Ishmael," in the Exhibition of 
1851), and Vela, of Milan, an artist of great talent, may be looked 
upon as leading representatives of the Itomantic school of sculp- 
ture in Italy, as opposed to the more Academic style, which finds its 
ablest representatives in Cambi, Sautarelli, Costoli, and Fantac- 
diiotti. 

Dupr^, of Florence, a sculptor of very great power, partakes of 
the merits of both classes, but falls slightly, in some of his works, 
into that leading defect of inattention to pure beauty of form, with 
which the Romanticists, in aiming at expression rather than the 
" beau ideal," may be occasionally reproached. 

The most absolutely Cauovesque of sculptors is, apparently, De 
Fabris (lately deceased), whose "Love and Psyche" is one of 
the honied but feeble reminiscences of the subject so deai'ly loved 
by his master, the father of modem Italian sculpture. 

It is to be regretted that Teneraui, of Rome, Cauova's favourite 
Italian pupil, has not contributed to this Exhibition, since his 
great powera would have gone far to vindicate the school of that 
really fine artist, under whose influence Tenerani's best works 
have been produced. 

The principles upon which I believe the popularity of Magni's 
statue of the "Girl reading" is founded, appear to me so impor- 
tant, and indeed so novel, in their application to modern sculp- 
ture, that I think it my duty to dwell for a few minutes upon 
them. A maiden, of no great pretensions to beauty, either of 
form or feature, and in the simplest dress, is represented seated 
on a common rustic chair, reading. There is no very great study 
evidenced in the arrangement of the lines either of the figure or of 
the draperies, and indeed, in one important particular, the model- 
ling of a portion of the bosom, a manifest defect is to be observed. 
The head is very truthfully modelled, and the expression is one of 
quiet concentration on the theme of the volume, in the study of 
which the reader's whole attention seems to be absorbed; that 
theme being, as may naturally be imagined at the present junc- 
ture, the development of Italian liberty under the sovereignty of 
Victor Emmanuel. Such elements may not in description, 
perhaps, appear likely to result in the production of a striking work 
of art; and yet the power of this small statue is such as to arrest 
and enchain the attention of everyone coming within sight of it. 
The potency of the spell I believe to mainly consist in the con- 
centration of purpose manifested in the whole composition. There 
is no straining for effect — to borrow a theatrical phrase, "no 
playing to the foot-lights " — and none of that coquetry, half con- 
scious of nudity, and evident flirting of the damsel with the 
spectator, which disfigure so many ordinary representations of 
female form. Other charms are unquestionably the ease, nature, 
and simplicity of the whole arrangement Nothing is allowed to 
interfere with the tranquility of the action, and such is the effect 
of this appearance of quiet, that almost instinctively the spectator 
treads, as he passes, with lighter foot, and speaks in " bated 
breath," lest he may startle the marble maiden, who aits wrapt in 
her brooding fancies, as it were, unconsciously before hin, A 
second of Magni's works, "An Indian Mother," seated in a shawl 



swung over the branches of some trees, in such a manner as to 
make the figure appear entirely unsupported, is a tottr dt force in 
marble working the slight tendency to extravagance in which is 
to be overlooked in the elegance of the action and the careful 
modelling of every portion. 

A thira work by the same sculptor is of considerably less 
merit It represents a stiitue of Socrates, and, whether intention- 
ally or not on the part of the artist, conveys an almost instinctive 
reminiscence of what one cannot but fancy the sovereign of 
United Italy himself might be with little else upon him than a 
rather scanty shirt. The compliment, if it be meant for one, is 
indeed somewhat dubious. 

Vela, another Milanese, contributes one figure only, and that of 
an almost too voluptuous cast of beauty and attitude — "Spring," 
a nymph bounding upwards, but, at it were, caught and entangled 
in the vernal flnwei's from which she seems to be rising. In 
delicacy of modelling, and that truthful rendering of flesh in mar- 
ble which the Italians term morfndezza, there is nothing, I think, 
in the whole Exhibition to equal it It is to be regrettted that 
other works of Vela's are not to be found at Florence. 

The most tunbiticus fin^nre is certainly the "Daughter of Zion 
in her desolation," by Morelli, of Leghorn; but in aiming at 
grandeur the sculptor has neglected beauty, and thus fails to en- 
gage the sympathies of the spectator. 

Fanticchiotti, of Florence, who enjoys a great and deserved local 
reputation, exhibits several works of very considerable merit, the 
best being the monument to the late wife of Mr. Spence, an Eng- 
lish artist, long resident at Florence. The figure, which is that 
of a very beautiful matron, is represented as extended, after the 
manner of some of the finest of the cinquecento monuments, on 
a bier, recalling, in many particulars, the general form of the 
ancient sarcophagus. In front are amorine, and beneath are 
square tablets, inserted, as it wf re, in a plain and well-designed 
pedestal. The special merit of this work is two-fold. In the 
first place, all that may be called pure sculpture — that is the re> 
presentition of the human form, and the draperies and ornaments 
connected with it — is thoroughly good; and iu the second, these 
elements are combined with such conventional lines, masses, and 
ornaments, as adapt the whole composition for alliance with what- 
ever may happen to be the architectur<il forms of the structure in 
which this beautiful work may be destined to be placed. What 
the consequences of the common want of skill in similar combina- 
tions may be, it is scarcely necessary to point out to an audience 
whose remembrances of St. Paul's and Westminster Abbey wonld, 
probably, be too poignant for me to do more now than hint at. 

Strazza, whose " Ishmael " in the Exhibition of 1851, and 
whose "Autlace" in the Crystal Palace, have made us well 
acquainted with his capabilities, fails to sustain them at Florence 
in his statue of the " Sposa Novella," which has however received 
the compliment of purchase by the king. Neither strikingly 
beautiful nor very expressive of its title, the modesty of the recent 
bride seems rather of that alTected class, the freedom from which 
I have already commended in Magni's masterpiece. 

Santarelli, of Florence, a well-known artist, exhibits a " Shep- 
herd Boy," which has merit; but his "Magdalen" is too close a 
reminiscence of that of Cauova, and fails to sit up comfortably. 
The infant's "Prayer of Innocence" is offered up rather by a 
little man than by a true bambino. 

The same reproach as to want of youthfulness in form may be 
applied to the " Amore Mendicante" of Cambi, the general 
intention and action of which, however, is clever and expressive. 
The same sculptor's "Eve" recalls far too much and too many of 
the leading defects of our English academician, Bailey. 

Pierrotti, of Milan, exhibits a very good anatomical study, in 
the shape of "A Hunter killed by a Snake." The subject is a 
difficult one, and has been well mastered by the skill and know- 
ledge of the artist. 

In the true academic style, Costoli's " Death of Menecwus " is 
to be highly commended, as being thoroughly well modelled, and 
well biimnced in a difficult pose. His "Charity," a large bas- 
relief, is by no means so good. 

Dupi e showb a " Mater Dolorosa," the character of which is 
sublime and devotional in a high decree. He has also a 
" Sappho," in ah attitude not altogether dissimilar to, although in 
no way plagiarised from, that of the well-known work of Pradier; 
and a sculptured pedestal, for apparently a large flower basin. 
The modelling and composition of the figures, in alto-relievo 
which decorate the latter it is no small praise to 'say are, I oon- 
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■ider. foUy equal to thoae we so much uJmireil in Professor 
Drake's pedestal in the Great Exhibition of 1S51, a somewhat 
similAT work. Theattitutle ami expression of the •' Sappho" nud 
tbe draperiee are aflmirable, but some |)ortioiia of the aude have 
b^en modelled from rather too low a ty[)e of female beauty to bo 
ftlUijjr«ther satisfactory in a work of ideal art. 

Admitt«d into the fellowship, if not tbe nationality, of Italian 
tculptora, are the well-wnown American and English artists, 
Power and Fuller. The " Greek Slave," and " Youth holding a 
Shell," the Proserpine, and many admirable buata by the f(3rmer, 
are ton well knuwu iu this country to need dwelling upon; but 
with his "America" we are not so well acquainted. Unlike the 
hfe and vivacity of that popul.-»tion, whose every breath itappe.irs 
mast be drawn in an atmosphere of sensation, and whose vitil 
eaergies a«em inexhaustible, the emboiUmeut of the sublimated 
e^ence of moilern repubtic.4 is tame and dead; but, like at loaut 
the major section of that unhappy continent, she stands but feebly 
and totteringly, and one touch only seems wanting to overthrow 
the unstable goddess. 

By the latter artist (Captain Fnller) there is a remarkably 
iraofa "Drowning Boy," admirably modelled, and full 
ic action. The tempest-tossed sailor lad still struggles, 
in jiigii evidently unavailingly, with the elements which over- 
power him. 

Thi» scanty list b}' no means exhansta the excellencies, or per- 
haps rightly points to the salient defects, of the really fine collec- 
tion of works of sculpture, which it is not too much to say formed 
the leading feature of the Florentine Exhibition; but I feel it 
seoAffiary to quit the field of pure sculpture for that application 
of the art which lenrls its hiaheat graces to industrial production. 
The two most distinguished workers in this department of 
industry, worthy maiutainera of the fame Brnstolone acquired 
for ltali.<ia wood-carving in the la«t centuvy, are well known in 
tlds country — Birbetti and Pietro Cheloni, of Florence. The 
former exhibits a craiid door, carved with no less than twenty 
alto-relievos of bihiicid subjects, treated somewhat after tbe 
manner of the celebr:ited gates of Ghiberti. Unlike them, 
however, the sculptures under notice have been executed in walnut 
I woo<l, as a commission for Prince Demidoff, for the entrance door 
to wlioee Russian chapel at San Doualo, near Florence, they are 
ictendeil. The general design is, it appears to me, monotonous, 
from iti* extreme rectangularity, ami is ill arranged in the junc- 
tions of the vertical and horizontal divisions with the semicircular 
head of the door. The carving is, however, executed in so mas- 
.ierly a style as to constrain an admiration for the details, which 
fifiils to be excited by the gejieral aspect of the whole. 

The Same artist contributes a large oak bench, the seat of 
which is hingetl, in ordor th.it the lower [i.irt may answer the 
purpose of the oassajmnca, which formed so leading a feature iu 
Uie Italian interiors uf the quatro and cinipie-cento periods. In 
|;«iieral design this work is better than the door just referred to, 
^ftod leaves behind a feeling of more entire satisfaction. 

The cap-xbility for the most important works shown by these 
productions is destined to be put to an even loftier purpose, since 
r-r^ "■ and his sons are now eng^ed in the exocntion of amag- 
I iw, 6 ft. 6 in. high, entirely wrought in ivory and ebon v, 

I.. ., .>. ; iie National Crown of Italy. Of this graml work a fuU- 
cized water-colour drawing was exhibited, and I fully believe 
the realisation of the design (which i« exceedingly good) 
ht liot nnworthy of the ancient glories of Italian ornamental 

Cheloni works in a manner which very perfectly reproduces the 
delicate handling of Mino da Fiesole, Civitale da Lucca, and 

I Andrea Ferrucci, and proves that, with judicious encouragement, 
he may become a formidable rival to the most distinguished 
amongst the Parisian magnates iu the production of luxurious 
iiimiture. His bookcase, and above nil, a single little panel in 
wood, fully justify this assertion. It is to be hoped that this 

, fine bookcase, as well as the case for containing the National 
Crown, by Barbetti, may form ornaments in our Exhibition this 
year, where tliey cannot fail, I think, to be greatly admired. 

The only rivals, although there are, of course, many approach- 
ing the excellence of Barbetti and Cheloni in ornamental carving, 
are Antonio Superchi, of Parma, and Professor Giusti, of Sienna. 
The former exhibits only a small panel, carved in soft wood, with 
ftntbesque ornament. It is, however, a masterpiece. The latter 
works in ivory, and appears to be well supported by English 

I patronage, since his mLniature reproduction of the celebrated 



Fouutain of Jacopo della Querela at Sieunn, and his exquisite* 
little picture fniuie, have been produceil, the former for the Earl 
of Northesk, and the latter for tbe Manjuis of Noitliampton, 
For the Count Agostino da Gori, Giusti has wrought a little 
coffer or box to contain autographs of men of science, artiatH, 
poets, &c. The shrine ia by no means unworthy of the relics, 

Time will not permit uf my dwelling at greiiter len<,'th upon 
individual specimens, or even extending my catalogne of ingenious 
artists. It may suffice to say, briefly, that in marble, Bt*ine, ivory, 
ebony, and pLtstic compositions, the application of sculpture to 
industry forms probably the most distinguished feature of the 
industrial portion of the Florentine Exhibition, 

It would bo unfair to the Italians to paas from the subject of 
applied sculpture without noticing one form of it in which, from 
ciaasi&d times to the present, they have maintained a decided 
pre-eminence over other nations. I allude to the art of workin^j 
in ucrus and precious stones. 

Tlie n.-vmes of Girometti and Odelli, of Rome, are celebrated, 
and their productions still command very high prices, in propor- 
tion perhaps to the hibour, but loo great for the art displayfttl; as 
for instance, the single cameo of Signor Girometti is valued nt no 
less than 30,<)00 francs, or i," 1200, a price possibly, as the Italians 
say, " da combiairsi." Neither of the^e artists, in my judgment, 
sustains his previously acquired reputation; while the int;«glio«> of 
Berini uf Milan, a less known man, are, if pot so valti.ible, far 
more agreeable, being both designed and wrought in l>etter Uiste, 
and rather reproducing Grecian than ancient liomnn styles of 
execution. 

The old celebrityof ValerioVicentinJ for the execution of iutiglios 
in crystal, resting not only on the warm tribute of admiration 
paid to his genius by Varsari, but on exquisite relics of his skill 
still preserved at Naples, Rome, and Florence, has excited tbe noble 
emulation of Beltrami of Cremona, a very beautiful specimen of 
whose handicraft is exhibited by the Brothers Turina. I believe 
Beltrami to be no longer living. 

The medallic art of Italy, so famous of old through the <He3 cut 
by Cellini, Basliano Ceuniui, .nnd others, is well sustained in the 

1>reaent day, anil specimens furnished by the mints of Florence and 
{i>me show that their ancient dexterity has not entirely deaerteil 
their descendants. 

Before altogether quitting the Fine ArU<», there are some forms 
in which they apj>ear so closely allied to Industrinl Art, and iu 
their alliance so little modilied,aa to demand notice before proceed- 
ing to a consideration uf thoae industries, the types and constitu- 
tion of which are affected comparatively remotely by the three 
fine arts. I class in the former of these categories engraving, 
lithography, chromo-lithography, and photography. 

From the days of Marc Antonio Raimondi, through those of 
Volpato and Raphael Morghen, to modern times, rendered illus- 
trious by the names of Perfetti, Jesi, and Toschi, the Italian 
school of line engraving has maintained an almost unquestioned 
pre-eminence over its contemporaries of thereat of Europe. That 
great work, the engraving of the frescoes of Correggio at Parmsi, 
upon which all the later years of Toschi's life were employed, con- 
tributed to the education of a generation of engravers, many of 
whose works are fully worthy of their cultivated master. 

The basis of .>vll excellence iu this art is, of course, the perfectiou 
of what is known as the engraver's drawing — in other woi>ls, his 
rendering in chiaroscuro (of the exact size of the plate propose<l to 
be produced) of the picture selected for repro<lnctiou on steel or 
copper. In this art the Italians have greatly excelled, and do so still, 
since it would bo scarcely possible iu this way to surpass such a 
drawing, for instance, as that by Calamatta of Rallaelle's " Madonna 
di Foligno." 

For perfection in soft and fleshy modelling the palm must, I 
think, unquestionably be given to Toschi, for his print of the Ma- 
donna della Scala, by Corregi«»; and Tommaao Aloysio Juvara, the 
leader of the Neapolitan school, several of whose minor specimens 
are of extraordinary excellence, mast, I think, be placed next in 
onlar of merit. 

Of Toschi's old assistants on the Parmesan Corregios, Pertetti 
of Florence, Scotto of Genoa, and Calamatta of Cl\-ita Vocchia, 
many agreeable specimens are exhibited; and the print of the M.a- 
douna della Seggiola, by the first nanie<l, ia worthy of high com- 
mendation. 

A work now in progress on the pUlery at Florence, and most 
creditable as a current Italian publication, appears to have given 
employment to many of the best contemporary engraTers, and 
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beantifiil plates m \reU aa enj^vers' drawings for this work are 
cxliiMud by Ulisae Forni, Frederico Caleiidi, and Agostino Triccn. 
1 caniiot leave the subject of Italinn engrtkvinij without noticiug 
the extraonliuarj' pen-and-ink drawings by Professor Vinceuzo 
GwzKoto of Pftduo. On three large sheets this artist has depicted 
in )i moat masterly manner the "Joyaof Paradise," the "SiUferiuga 
of Purgatory," and the "Despair of Hell." Not only are these 
txjm poaiiions highly imagiuative — in this re«pect rivalling the 
anah gou9 worka of our own Martin — but they are drawn with 
a iUHMterly knowledge of light aiid dbade, foreshortening, and 
of the hnmau figure. The drawing of Panidiae is exceedingly 
beautiful. 

In chalk and ink lithography a fair average ia maintained by 
the houaea of Richter, of Naples; Carpentier, of Florence; and 
Borziuo, of Milan; while in chroiuo-litiiograpby they mav safely 
be put in oomparison in quality if not in quantity of production, 
with the larger eatablishmeiila of Paris, Vieuna, Berlin, and 
London. 

By the firnt named house two works are exhibited, the execution 
of which is eminently honourablo to Italy at the present time. 
One of these is a perfect series of illustrations of the painle«i deco- 
rations of Pomj>eii, published by Nicoolini, being for the moat part 
fac-aiuiileaof tfie beaiuiful drawings of Abbate. Tlie other ia an 
equally fine aeries of illustnitions of the Abbey of Monrcale, near 
Palermo. The latter work has been produced ra.iinly through the 
energies of the BeneditHine Fathers of the Abbey, under the able 
iGaderahip of the Padi-e Graviua. For those wljo would seek to 
revive the manufacture of pictorial mosait-a in this country — and 
hajipily they are now many — no more useful work can be rpcom- 
mc-ude'd than this, in which the gloriea of the celebrated Norman 
cathedral are admirably reproduced in all their details. Boi'- 
zino'a imitations of oil pictures .ire all but deceptive; while 
Carpentier produces at very reasonable prices excellent colourefl 
souvenirs of the most beautiful pictures of Fra Angelico and 
othcf masters. 

The illuminator's art is so nearly allietl to the art of chromo- 
lith'jgi-aphy, that I may consider this to be the fittest place to 
notice the evidence given by Napoleone Verga of Perugia, that the 
ttviditional skill of tlie Itidi.ina in "quell'arte che allumiu-irc echi.i- 
mata a Parisi,' from the daj's of Dame to the end of last century, 
lias not been lost, In his illuminated addresses from the munici- 
pality to the Marchese Pepoli, Verga shows himself, if somewhat 
inferior to Oiulio C'lovio, Buonfratelli, and Girolamo dai Libri, 
superior to almost all other ancient magnates in the art of illu- 
rni nation on vellum. 

As connected also with chromo-lithography m,\v be noticed the 
art of colour- printing by means of typogra])hy, that is, from type 
or brass rule. Of this some good .spccimeus were shown by 
Frederico Lao. 

itafaello .Sidari, of Florence, contributed fac-similea, executed 
with the pen, of ancient block and other early printing ami wootl- 
cut illustrations, fully suthcieut to deceive any eyes but those of 
the moat accomplished bibliomaniacs, their perfection equalling, 
if not exceeding, thatof our justly-celebrated H.irris, whose worka 
created so much sensation among the learned in rare editiona and 
tall copies in l8."il. 

In photography the names of Ponte of Venice, Alinari of Fl<v 
reuce, and Dovizielli of liome, are well known in this country as 
connected with very perfect reproductions of the most atriking 
arolutectural monuments of those cities. It may be enough to 
8«y that they ably sustain their reputation amidst rivals whose 
excellence brings tliem within a few paces of the foremost in the 
race. Duroui of Milan e\hibit.s a full-length life-size figure of 
the king, in its way a triumph over very great difHculties. A leiw 
favourable subject, however, for such an experiment could haiilly 
have been selected. Caldesi'a reproductious of the Hampton 
Court cartoons ara too well known to need commendation from 
me. 

My respected colleague, Mr. Le Nove Foster, will no doubt fur- 
nish you with such comments on the relative excellence from an 
economical jioiut of view of the decorative arts, as may justify my 
noticing now only very briefly those refinements of design or exe- 
cution which raise certiin bi-auchesof production from the posi- 
tion of crudely hnpplying uatnrai wantfl to that of miniateriug to 
that craving for beauty, whicli becomes more or less largely 
developed in eacli branch of manufacture in proportion to the 
fluctuating conditions of highly-civiliised nations. 

Ill metallic art there was not much to notice, since none of the 



branchea of that okas of indastry were very largely represented' 
In the precious metals much more design nnd iupeouity were 
displayed than — with one or two exceptions, to be presently 
mentioned — appear in productions in the baser metala. I am un- 
able to pmise the silvei-smitha' work generally, since the iL'dians 
as yet do not ap|>ear to have fully appreciated the ancient styles 
of dni»h of their o^ti forefathers, or even those of the Wagners, 
Fromeot-Meurices, Morels, and Vechtes, of the past and present 
generations in other countries. The beat worka of this kind, 
where little was really good, appeared to be the vane designeil and 
executed by Tomnso Rinaldi of Modena, and the aword of honoii 

E resented to the King by the citizens of Modena, and executed 
y Einzi of Milan. The steel blade of the latter, which was 
cleverly inlaid with gold and silver, showed that the old art of 
working airazzimina, or damascening, in which C^ellini so greatly 
excelled, ia not lost in lt:dy. 

A atill nobler sword than this, as far as material is concemetl, 
was exhibited, the work of Castellan i of Rome. The hilt wad 
somewhat too severe in style for one wrought in gold, and did not 
appe.ir to me equal in workiuanahip to much that I have seen 
el.'tewherc, and indeed in Loudon last season, by the same distin- 
guished jeweller. It ia to bo regretted that he did not contribute 
any other specimen of his skill on the present occasion. I must 
confess that I have seen in shops at Rome, Genoa, Florence, and 
Nai>les, far better jewellery than was displayed in this the firet 
great Itnli.TU InJustriiil E.\hibitiou, where so important a braucU 
of indu.stry should have been better represented. 

In cast-iron there was little worthy of remark, with the excep- 
tion of a very clever gas lantern, cast at the foundry at Pignone, 
near Florence. 

In bronze and brass founding and chasing I have never seen in 
any country better work produced than that for which Clcmente 
Papi, of Floreuce, is sn justly renowned; and I believe that it 
has puzzlnd those must le:irue<l in tho process of metal casting 
to understjinJ by what means his extraordinary reproduc- 
tious of groups of natural (lowers have been made out of moltea 
metal. 

In wrought-iron, for which I nee^l scarcely remind you that 
Flurence and Sienna were formerly most celebrated, Pasonale 
Franclii, and Bene<lotto ZalafK (both of the latter city), exhibit 
themselves as truly cunning .smiths. The former has produced a 
small pair of gates, in which the vine, the olive, and groups of 
corn, l>eeome admirable ornaments to a well-arranged series of 
conventional lines and forms; while the latter sends some iron 
rings and brackets, similar to those formerly atUiched to the old 
Iialacea of Italy. These are all wrought with hammers and 
jtunche.s, with such freetlom and spirit aa to be likely enough to 
deceive enthusiastic purchasers, who may be unable to refrain 
from attempting to carry otf trophies of the former glories of 
those nobles, in whose families the right was alone hereilitiiry 
to attach such marks of nobility to the head-qu.arters of their 
i-acc. 

In pierced steel-work the cullers of Cnmpo Basso, the only 
place in It.-dy in which much cutlery is manufactured, exhibit 
considerable dexterity; and the pierced scissors of Vinditle 
Terzauo are elegant, both in design and execution. One singular 
pair of desk scissors, highly and i)le.i.siugly ornnmentefl, bore the 
singular inscription, in incised ch.-vracterH, " Seipione Sautnngelo, 
al municipio di Firence;" the gift recjilling the gixnl old days of 
Florence, when nothing was deemed too precious to be offered 
out of the tiTidesmau's abundance to his well-loved home and 
city. 

For embroidery the Italians have long been celebrated, and 
many specimens were cli^played, better both in design and execu- 
tion than any of those French and Belgian examples which have 
b<:en so largely manufactured during the last century, for the 
glorification of the rites and ceremnnies of the Romish Church. 
One of the most splendid specimena of such work, altliough 
destined for regal rather than ecclesiasticnl use. was to be observed 
in the hangings for the n>yal throne, embroi«lere<l in the pnblio 
Female School at Florence: the design for which, being by no 
less clever nn artist than Pietro Cheloni, was of a higlily satis- 
factory description, and the work reflecle<l cre<lit more particu- 
larly upon the widow Bassi, the tesicher of the art of embroidery 
in that school, under whoee special saperintendeuoe the whole 
has been executed. 

{To ie etmtinntd.) 
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ON SOJfE RECENTLY EXECUTED BEEP WELLS 
AND BORINGS* 
By Gborgb R, Bursbll, CE, F.G.S., F.S.A.. 
Tbk remarkable success of tlie operations carried on at Paaay, 
for the anpply of tbe artificial waters of the Bois de Boulogne l»y 
tneaus of an artesian boring of anuaaaliy large diameter, has 
lately revived the public interest In that class of operations, both 
on tfie continent and in England. It has been proposed, indeed, 
to apply that syatem, on even a larger scale than was tried at 
fans, to our own metropolis; and the scheme for sinking a aeries 
'of deep wells in the various parta of Ijondon has been revived by 
come enthusiastic admireraof the results obtained by our ueigU- 
boura. Experience has already decided the problem of the pos- 
sible sncceai of such attempts here, and it may, therefore, be 
demrable at the present day to review briefly the history of 
art«ian wells at home and abroad, in order to prevent the waste 
of money and the disappointment which may arise from ill-advised 
IroitAlion of the measures proved to be successful in some cases, 
but by no menus universally applicable. 

The term " artesian well "" means, strictly speaking, only a well 
•luik ti> a considerable depth, through a dry and impermeable 
upper stratum, to a lower stratum charged with water, under 
«ach conditions of pressure as to cause the water to flow over the 
•uHkce of the ground. The first wells of this description men- 
tioned in modem works on hydraulics were executed in the pro- 
vince of the Artois, in France, where they were sunk in the chalk 
formation, and were supplied by the streams running between the 
fissures of that deposit, which were fed by the infiltration from the 
higher ground of the great north-eastern chalk plateau of France. 
It U ■ai<l that some oftiie.se wells in the Anois have been used 
for nearly a thonsiind years, without any perceptible diminution 
in their supply; but it mtistalaobe added that the ancient Egyp- 
tians and the Chinese had, from the remotest autiauity, l*en 
»rqit.ijjiied with this method of obtaining water, and that the 
inhabitants of the plains of Lombardy have long used the waters 
rising from the deep-seated strata of the valley of the Po for the 
Irrigation of their " maroite," or winter meadows. Be this as it 
may, and without dwelling upon the locality where this descrip- 
tion of well was first made, it seems that about the beginning of the 
p^^e8eLt ceuturv great attention was drawn to them by the success 
of » number of lx)ringK through the London clay into the sands 
of the liasement beds of that formation, made in the valleys of 
the Lea, near Broxboume, Waltham, and Tottenham, and of the 
W.\ndle. near Mitchara, Garratt, Wandsworth, &c. In the low- 
lying alluvia] islands at the mouth of the Thames, some very 
deep wells were also sunk through the London clay, and a copious 
•uiiply cif fresh Bofl water was obtained; and, in fact, so many 
wells have been sunk into the water-bearing strata of the tertiary 
■amis, that tliev have been nearly exhausted. Whilst these 
opemtions were ^>eiog carried on in England, the French engineers 
had energetically adopted the 8ysU>m upon which they were 
fouudiKl, and numerous artesian wells had been sunk at Epinay, 
Stans, and St, Denis, with similar results to those obtained nej»r 
and in London, that is to say, that in the earlier wells the water, 
geiiemlly a|)eakini7, overflowed the surface, whilst in the latter 
ones it rarely attained the level of tlie ground; and the water-line 
sank in the older wells in proportion as new ones were opened. 

In 1833 ISL Arago induced the Conseil Municipal of Paris to 
undertake the execution of a deep boring, in the hope of obtain- 
in/ a supply of water frf)m the lower green sand forniationn, 
which he supposed to form a continuous bed under the chalk 
basin, underlying, in its turn, the tertiary strata of the neigh- 
bourhood of Paris This lower green sand, in fact, outcrops 
from under the chalk cu the whole of an irregular oval, passing 
from the north-east through the south, nearly to the north-west 
of Paris, and it approaches that city the most nearly at the point 
where the Seine forces its way through the overlying recent 
formations near Troyea, in Champngne. At Lusigny, the precise 
point of outcrop, the surface of the green sand i.s aboct 300 or 330 
feet above the level of the plain of Crenelle, where it had been 
rt'solvwl to make the fii-st attempt to traverae the tertiaries and 
the chalk. From this fict, MiL Araj^o and Walferdiu inferred 
that the water from the gi-een sand would flow over the surface 
at Gi-eiielle, and they were encouraged in that opinion by the 
existence of numerous artesian wells carried through the chalk 
into (bat stratum, from which they expected to obtain their sup- 
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ply at Elbceuf and Rouen. The depth it would be neceaaanr to 
sink the new well constituted the unknown conditions of their 
undertaking; but not only MM. Arago and Walferdin, but also 
M. Mulot, calculate.1 from the first that they would find tlie 
chalk extend to at least 13(J0 to 1400 feet from the surface. So 
little however was known of the probable cost, or of the dangers 
and risks of these deep borings, at the time the well of Crenelle 
was commenced, that the municipality of Paris only voted a sum 
of 18,000 francs (i?720) for boring three such wells. 

On the 29th of November, 1833, the works of the Crenelle 
well were commenced by M. Mulot, and after encountering many 
serious difficulties from the nature of the ground, and from the 
fracture of the tools made to work at so great a distance from the 
surface, the able and scientific men who had supported M. Mulot 
through evil report and bad report, were rewarded by finally 
obtaining a copious jet of water from the lower green sand on the 
20th February, 1841. The depth then reached was 1800 ft. D in., 
of which 1378 feet were in the chalk; the water rose at first at 
the rate of 800,000 gallons i^er day, to the height of about 12J 
fvet (the level of the distributing reservoir of Grenelle), and iU 
lempei-atnre was about 82' Fahrenheit, When it firet rose to the 
surface, it contained large quantities of sand, clay, and other 
iiuitters in mechanical suspension, and it was nearly twelve 
mouths before the water passages of the subterranean strata were 
sufficiently cleared to allow the water to rise in a state fit for 
distribution. On several subaequeut occasions also, the sand has 
accumulated in such quantities, in the pipe« lining the bore, as 
to render it necessary to draw and clean them. 

This boring operation had been watched very carefully by 
English engineers, and even during its progress similar works had 
been attempted iu our own country. As might natnnilly have 
been expected, the success of the Grenelle well, under these circum- 
stances, induced our countrymen to continue their work with 
redoubled ardour, but unforluuately they have displayed less 
perseverance, and it is to be feared less skill, than our neighbours; 
for hitherto none of the deep borings undertaken avowedly for 
the purpose of obtaining a supply of water from the suboreta- 
ceous beds iu either the London or the Hampshire basins, have 
completely succeeded. In the case of the Kentish Town well, it 
is true that some very extraordiuar)' and anomalous conditions 
of the strata have been found to exist, which have totally deranged 
all the scientific calculations of the able geologists and well-bortTS 
consulted during its execution; but it has too often happeneil in 
England, that works of the kind we are now considering have 
been undertaken solely on the recommendation of amateur geolo- 
gists, or of " practical men," as it is the fashion to call those whi> 
are totally ignorant of recorded science; and the consequeuoc] 
has been "tLat several very costly wells have been undertaken, 
carried on at great expense, and subsequently abandoned iu 
despair, perhaps just at the moment when success was within 
grasp. 

One of the cariiest of the attempts made in England at sinking 
an artesian well to the lower green sand, was the one made, 
almost unintentionally, by the town of Southampton. It was 
commenced by a preliminary boring through the London clay 
to the chulk, which was reached at a depth of 480 feet from the 
surface, the upper strata traversed consisting of the sands, days 
and pLaalic mottled clays of the Hampshire tertiarj- series. It 
seems that the well-borer employed carried the boring to a depth 
of 60 feet beyond the surface of th« chalkalready mentioned. and 
he then reported that an ample supply of water was to be obtained 
from that formation, A shaft was sunk on faith of this n noi t. 
commencing with a cast-iron lining of 13 feet diameter, which 
it waa proposed to carry to a dej)th of IfiO feet, and then to 
commence boring with a hole of 30 inches diameter, diminishing 
gradually to 20 inches in the chalk. The cylindora used were, 
however, found to be too weak for the purpose they wer«^ 
intended to fulfil; they collapsed in places, and, iu drivin 
they assumed a direction seriously out of the perpendicu 
The coutnictor failed when the cylinders had been thus bail 
lowered to the depth of about 60 feet, and the works were thel 
taken out of his hands, and placed in those of Mr. Docwra, one 
of the >mo6t able well-flinkeni and waterworks contractors of 
our countrv and of our day. With great trouble he drove the 
•haft completely down to the chalk, finishing it with a clear 
external diameter of it ft. 4 in. ; part of it was lined witli c;»»r 
iron plates, and part of it with brickwork in cement. The brier 
work lining was carried three feet into the chalk, and bulow 
the shaft was continued to the totiJ depth of 562J feet bx,m the 
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snr&ce, in the solid chalk, withoat any lining, and with a clear 
diameter of about 7 feet; a boring was then commenced of 7^ 
inches diameter, and was carried down eventually to a total 
depth of 1317 feet from the surface. The chalk formation was 
found here to have a thickness of 851 feet, and the works were 
suspended when the boring had traversed only 12 feet of the 
chalk marl. Now at Chichester, where Mr. Gatehouse had also 
sunk a deep well to the upper green sand about the same period, 
the thickness of the chalk marl was found to be 61 feet; the upper 
green sand and gault are of variable thicknesses, but the greatest 
depth recorded for them was that of the new well at Passy, where 
they were about 274 feet deep. It is, therefore, very probable, 
that if the Southampton well had been carried down 330 feet 
further, or to a total depth of 1650 feet in round numbers, the 
problem as to the possibility uf finding water from the lower 
green sand, in the Hampshire basin, might have been solved. 
In the well at Ohicheater this solution could be even more easily 
attained, for the boring had actually been carried about 180 
feet nearer co the probable surface of the lower green sand, 
leaving only 200 feet still to be traversed. 

It would be impossible to record all the important works under- 
taken of late years for obtaining water by means of artesian wells, 
but the circumstances connected with the history of those at- 
tempted at Calais, Kentish Town, and Harwich, are so singular, 
that it behoves us to dwell upon them. At Calais the well was 
sunk through the chalk, and the whole series of the subcretaceous 
strata, to a total depth of 1047 feet from the surface, but no water 
was obtained from it, and the boring passed, at the depth above- 
named, into the transition rocks, in which it was carried for A 
further depth of 103 feet. At Kentish Town, the Hampstead 
Water Works Comjjany endeavoured to secure an artesian sup- 
ply, in order to comply with the provisions of the Metropolis 
Water Works Act of 1851. They had very wisely consulted Mr. 
Prestwich upon the geological questions involved in the prelimi- 
nary inquiries, and they employed Messrs. Degoussd and Ijaureiit, 
the best known and most successful well-borers up to that period, 
on the Continent Ceologists and practical men alike in this in- 
stance reasoned that, because the lower green sand outcropped 
around the edges of the chalk basin containing the Paris tertiaries, 
therefore, there was every () priori reason to believe that the sub- 
cretaceous formations would continue under London, and furnish, 
as had been the case at Paris, the water for a well carried down to 
them. Acting upon this belief, the company commenced boring in 
the chalk, at the bottom of a shaft previously sunk to the depth of 
539 feet from the surface. The boring was commenced with a 
diameter of 12 inches, reduced to 10 inches in the intermediate 
part, and finishing with a diameter of 8 inches. The work begun 
on the 10th of June, 1803, and was carried on with every appear- 
ance of success for a considerable time. The sts^ta trii versed were 
found to occur in their regular order, and of the anticipated thick- 
nesses, until the boring had traverseil the gault formiitiuu at the 
depth of 1113 ft. 6 in. from the surface; but when, as Mr. Prest- 
wich said, everybody believed that " a very few more turns of 
the auger would tsip the water-bearing sandn of the lower green 
sand formation," it was found that the borings passed at once into 
a series of beds consisting of alternate layers of red sandstones, 
red clays, conglomerates, i*ed sands, and rounded pebbles, which 
geologists are now disposed to class amongst the new rod sand- 
stone series. It is very difficult to form any decided opinion as 
to the real nature of a deposit which has only been explored by 
the boring tool, especially when the diameter of the bore was 
only eight inches, as at Kentish Town; and I confess that for my 
own part, as I saiil before in this room, and shall have occasion 
again to repeat, I am disposed to regard the beds of red clays 
and sandstones rather as being members of the Wealden series 
than of the new red sandstone. But in either case it was evident 
that the water-beariug strata were interrupted under London, 
and that there was no probability of obtaining a supply of any 
descriptipii from them in that district. In fact, the Ilampstead 
Water Works Company, after the failure* of this attempt, were 
compelled to sell their interests to the New Biver Company, and 
the well was stoppe<l at the depth above quoted, added to the 
depth traversed in red sandstones and clays, or at a total depth 
from the surface of 1302 feet. 

About the same time thiit this unexpected result was obtained 
at Kentish Town, Mr. P. BruflF, C.E., was employed upon an 
attempt to obtain water for the town of Harwich, either by 
a deep well in the chalk, or by traversing, if necessary, the strata 
below the chalk. Several attempts appear to have beeii previously 



made at Harwich to obtua a sapply from tiie chalk, bat they 
had failed, in consequence of the iDfiltration of aalt water into 
the wells sunk close to the sea shore. Mr. Lankaeter Webb, of 
Stowmarket, a town situated upon the high lands oi the valley of 
the Gipping, the main affluent of the Orwell, had executed a well 
895 feet deep, through the drift clays and gravels over the dtalk, 
the cretaceous formations, and the upper green sands and gatilt. 
I do not know the level of the ground at Mr. Webb's fiu^ry, 
but as a rough guess I should say that it was about 240 feet above 
the high tide level at Harwich ; and I am not, therefore, snrpriaed 
that the persons connected with the well at the latter town should 
have expected, that upon traversing the chalk they would meet 
with a supply of water under the true artesian conditions. It 
happened, however, that after the Harwich boring had passed 
through the drift, the tertiary strata, the chalk, the upper 
green sand, and the gault, to the depth of 1025^ feet from the 
surface, it passed, not into the lower green sand, but into a 
black slaty rock, which Mr. Prestwich pronounced to be a com- 
mon grey slate of the palaeozoic series, whose precise position in 
the series could, however, hardly be defined, on account of the 
absence of fossils. Thus at Calais, and I believe also at Ostend, 
the lower green sand is wanting, and is replaced by a member of 
the carboniferous series; at Kentish Town the lower green sand 
is absent, and it is replaced perhaps by the new red sandstone 
beds, whilst at Harwich the lower green sand is replaced by the 
very earliest clay slate rocks. 

Now there may be drawn, from these unexpected results of the 
deep borings in the tertiaries of what may be specially named the 
London basin, some valuable scientific and practical conclusions, 
These may be briefly stated as follows: — 1st That at present, 
geology is only so far advanced as to enable us to state, with 
tolerable certainty, what we siiall not find under the surface, but 
by no means to justify any positive assertion as to what we shall 
find: thus, knowing that tlie London clay is on the surface, we 
may be certain that the crag will not be found beneath it, but it 
by no means follows that necessarily the chalk, the lower greeu 
sands, the oolites, or the usually subordinato strata, should be 
there. 2nd. That the first attempt to sink an artesian well 
through a previously untried stratum, is at all times a hazar- 
dous experiment, and that it is, therefore, one which should never 
be tried by those who only work with the money raised by forced 
taxation. It was upon the latter ground that Mr. Banger very 
properly recommended the town of Southampton to stop the 
philosophical experiment upon which they had ali-eady incurred 
so large an outlay; and it is certainly wiser to leave the solution 
of these problems to municipalities posessed of private resources, 
or to private enterprise, than to expend upon them the money 
wrung from the ratepayers. 3rd. And possibly this may be the 
most important conclusion of all — it would ap|)ear to be proved 
by the occurrence of the earlier strata in the geological series at 
Calais, Kentish Town, Harwich, and, if I be not mistaken, at Os- 
tend also, that Mr. Goodwin Austin's theory of an upheaval of the 
carboniferous series existing between its extremity on the French 
coast, and its reappeai-ance in the Bristol and the South Wales 
coal field, is cori-oct. .A full discussion of this important inquiry 
would be misplaced in this paper, but I cauuot refrain from re- 
peating what I myself have said before, viz., that from all which 
is at present known, it would be more nitioual to seek for coal 
under London, than for soft water. At the same time, I would 
guardt-inyself against any appearance of encouraging an attempt 
of the former description, unless it were distinctly undertaken as 
a speculation, with great, nay, almost infallible chances of loss. 

The next important artesian borings executed of late years in 
chrouologicjil order, were those undertaken under the superinten- 
dence of the French military autliorities in the Desert of Sahara, 
avowedly for the purpose of foiming stations for the caravans 
trading between Algeria and Central Africa. They wore exe- 
cuted by means of tools made by Messrs. Degousse and Laurent, 
who seem also to have occasionally acted as consulting engineers, 
but the works were actually performed by the soldiers, or the 
labourers employed by the " Corps du Genie Militaire.*' It 
a!)pears that up to the month of June 1860, no less than 50 of 
these wells have been sunk in the desert, and that they pour upc>n 
its thirsty surface no less than 7,0:JO,(H.)0 gallons of water per day. 
Similar works were, according to Aime Bey, executed in the 
deserts of Ancient l'^},'ypt, as was before alluded to, and there are 
good reasons for believing that the system of artesian borings 
might advantageously be applied iu the deserts of north-western 
India, and of Austndia. 



XV I. 1M21 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



79 



Sono iat^restiDg' artesian w^lls and borings have also b«ea 
eXMOted ID various parts of England and of the cuutinent, to a 
ffv of wliicb I propose to retarn hereafter, but in the meantime 
I pus to the deecriptioQ of the great work lately completed at 
Pa«y, as being the one which has attracted the most universal 
att«DCiou. When the great worka of the Bois de Boulogne were 
commeiiced, it was soon discovered that the pumps of Ohaillot 
would not be »ble to furnish the quantity of water required A>r 
the lakes and waterfalla of the new park ; and the municipal 
oooBcil of Paris, encouraged no doubt by the commercial results 
of the previous operation at Grenelle {which had eventually coat 
the sum of i;i4,iX)0, and repaid ita coat several times over), re- 
noked to execute a second borina; to the lower green sand, in order 
to aecore an independent supply. It waa originally proposed to 
exe<nite this well of the same dimensions aa that at Grenelle, that 
is to say, to finish with un eight inch bore; but before it was 
commenced, M. Kind, a German engineer (who had already 
carried out some very imporfaut works ujwn a system, and by 
the aid of tools patented by himaelf) oftered to contract for the 
new well, to finish with a bore of 2 ft. in diameter, and to deliver 
the water at 92 ft. above the level of the ground, at the rate of 
nearly 3 million gallons per day. He undertook to complete the 
work for the sum of £li,0(.»J within the space of two years. 
Afber some oppoeition, baaed principally on the doubta expi-essed 
by engineers who had been consulted on the subject, with re8|>ect 
to the increased delivery over that of the well of Grenelle, this 
cfcr of M- Kind's was accepted, and on the ■2.3rd Decemlwr, 1854, 
the vote of the municipal council in favour of the contract with 
him was passed. The work was commenced shortly afterwardi*, 
an.l by the Slat of May, 1867, the boring had already reachetl the 
depth of 1732 feet from the surface, when suddenly the upper 
portion of the tube lining coUajwed. at a distance of about 100 
feet from the surface, and choked up the bore hole. This acci- 
dent delayed the completion of the work for three years, .and led 
to the rescinding of the conti-act with M. Kind; but tlie engineers 
of the city of Paiis were so satisfied with his zeal and ability, that 
they intrusted to him the conduct of the remaining works. A 
new well was sunk to a depth of 175 ft. 4 in., and the boring was 
then cleaned o\it and resumed. Much trouble was encountered 
in traversing the strata below the distance of 173-2 feet above 
qtioteii, and at length, at the distance of about 1894 feet from 
tlie surface, the ^rat water-bearing stratum was met witl), 
hnt »liP wr»ter, after several oscillations did not rise to the level of 
1 1. The boring wtia coutinued below this level, until, 
uh Septen ber, ISfil, at midday, at the depth of 1023 ft. 
b in., the true artesian spring waa tapped. When this spring 
rose to the surface it discharged at the raf-e of 5,.782,0("H> gallons 
r|>erday. The yield has since then oscillated, but so long as the 
|eoliunn had not been raised above the level of the gmund, the 
" quantity does not seem to have fallen short of 4,4Qp,600 gal- 
iiv». The well of Grenelle, (which by the way had licen falling 
in it« yield for some time before the completion of the Passy 
boring, no doubt on account of some obstruction in its ascensional 
e, but which for several days before the 24th September dis- 
liargetj regularly 200,(X)0 gallons per day), f«ll in about 30 hours 
the Passy spring had been tapped, to a yield of about 173,000 
at which rate it remaine<i stationary, until the tube of 
Pteasy boring waa raised so as to allow the water to stand at 
Baiae height in the two wells, when the original rate of do- 
of tlie Grenelle well was resumed, but the rate of delivery 
P«88y well fell to 2,000,000 gallons per day. It is intended 
Itnally to cause the column of wnter of Pa.ssy to rise to a 
|ht of 1277 feet above the bottom of the boring, or about 
feet above the surface of the ground. The horizontal distance 
'•f the Paasy well from the one at Grenelle is about 3830 yanls 
[Jiurd^; Knd it will be observed that the water-bearing stratum is 
,aeArly KM) feet nearer the mean level of tlie sea at Grenelle than 
it is at Psuiay, whilst the surface of the gmund is nbont 35 feet 
T ' ' I titer locality than it is at the former one. 

I ily the effect produced upon the respective sources 

"1 '<ii|ii>iv, ny the alteration in the heights of the columns of 

wat#r, proves that the wells of Passy and of Grenelle are fed from 

tbeancne stratum; and there can be no reason, therefore, to snp- 

\lfO»e tlmt when the Passy spring .<ih.all have cleare<l ita water 

i^iH.s.ir,.s rli. rp shouhi be any difference in the qualities of the 

' wo places-, il. Peligot hus carefully analyaed the 

] S and ho fouutl that they conUiined 0(XKH42 of 

,»aiuje matters, composed principally of the cjirbonates of potaiih, 

aud luagueaia, associated with a compound of sulphur and 



of soda of variable proportions and conditions, and with the car- 
bonate of the protoxifle of iron and silica. The salts of the sid- 
phate of lime, or of the more permanently insoluble description, 
are absent, and it would appear that the gases diffused through 
the water are of considerable volume, the carbonic acid gas being 
one of the most so. There is a sensible evolution of sulphuretted 
hydrogen from both the wells of Pasay and of Grenelle, and it is 
worthy of remark that the same gaa is given off from the water 
in Mr. Gatehouse's well at Chichester, though in the latter 
instance the smell is sufficiently strong to render the water posi- 
tively repulsive. At the present day the water at Passy is still 
foul, on account of the matters it brings up iu suspension; but aa 
in the case of the Grenelle well, this inconvenience will no doubt 
soon disappear. The temperature at which it reaches the surf&oe 
ia identical iu the two wells, and is about 82^ b'ahreaheit 
(To be eonduded in our next.) 



LECTURES ON AUCUITECTURE AT THE ROYAL 

ACADEMY. 

By Stdxet Suirke, R,A. 

Lectubk I. 
(Continutd from page 5«1.) 

Statter fringing the sky line, I said, should I think be subdued 
in attitu<le and treatment. Such however, as I have remarked, 
was most certainly not the opinion or the practice of the sculptors 
of the seventeenth century. Miclielangelo had in the palmy days 
of art made his Moses look like no common piece of humanity, but 
rather like a sculpturefl fragment cf rock, in solemn repose, and 
instinct with supernatural dignity: whilst the patriarch, when 
treated in the naturalesque school of the degenerate period I now 
refer to, never failed to be represented as a remarkably active, 
impetuous old man,ftdmir:ible chiefly for the violent development 
of the muscles, throwing himself into very unseemly altitudes, 
and striking the rock with his rod more like an excavator than a 
pdtri.arch. Such, also, is the general character of their architec- 
tural sculpture. 

Theafuwtlesand fathers of the church were men upon whom we 
should be taught to look with reverence by the quiet dignity of 
their mien, and by that deep and intellectual abstraction which is 
beat represeutwl by a steady composure of manner and gi-neral 
absence of erergetic action. But where ai-e we to seek for such 
examples of architectural sculpture from the chisels of the emi- 
nent masters of the fantastic schools of this period ? On the 
contrary, the holy fathers are made to look like posture-mastera 
jierforming for the public diversiou, and are seen on their pede- 
stals, throwing their limbs about and ruffling their drapery in a 
way utterly subversive of that personal dignity which, as 1 hav« 
remarked, seems to appertain to their diameter. 

It ia not to be wondered at that when taste in sculpture h&tl 
reached this bathos, our own art should have been dragged dowa 
with it to the same level. Iu<lee<l, there is, I think, good reason 
to apprehend that far tix> intimate a union had unhappily -tub- 
sisted between those sister arts. 

So long as a fine taste and a high aesthetic feeling prevai]etl, no 
<ianger c.arae nor could come from the cultivation of both these art* 
bv one mind; indeed, it wiis the glor}' of our art to be intimntf!/ ( 
allied to the sister arts. But when that truth of feeling am! 
nicety of judgment had passed away which taught those who 
practised both arts to discriminate well between the speci.tl re- 
quirements of each, a fusion w;« the result, mischievous to both> ^ 
but which was more particularly injurious to our art; for a sculp- i 
tureaque treatment of architecture ia likely to lead to fiu gravet' 
erroi-s than an architectural treatment of sculpture. The latter ' 
may Vie liable to become cold, rigid, formal, and even uunataral(| 
but the former is sure to become, as indeed it did become, iunuf- 
ferably lax and vicious, violating all the proprieties of our staid 
and sober art — an art which can never indulge in capricee without 
great risk t^o chsiracter and ceitaiu loss of dignity. 

To say the tnith, without however meaning the slightest dia* 
parngement of the sister art, I would express my belief that moHt 
of the errors of architecture in its decadence may be traced to th« i 
injurious influence that sculpture exercised over our art. The i 
habit of asculptors miud would natui^ally lend him to exercise his | 
inventive fjicultiea in designing and modelling, out of the plastioj 
material with which he is most familiar, forms and combiuation*' 
of forma that would produce picturesque groups, and on ornamen- 
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tiJ or at least pleasing arrangement of lines, and of chiaroscuro; 
Rul, wben he comes to execute his conceptions in stone or maj-ble 
he would of conrae aeelc to construct his work, if not out of a 
single block, at all events in na few as ytosaible; because joints, and 
espevially bed -joints, he ia of course always anxious to avoid or 
conceal. All tne proprieties therefure of masonic comiruction, the 
aouuil bondiog together and truthful bedding of stones, the'nvoid- 
iince of false bearings, and all auch-like ctmsidei-ationSjare entirely 
foreign to his art, and are in fact subjects which never, or Rirely, 
demand his study, nor eveu need his attention, a* a teulptor. 
Hence it is, probably, that we find that the sculptor of the seven- 
teenth century, when he produced works of architecture, was very 
prone to treat his buildings, however large, rather like magnified 
copies of small sculptural models, than as purely architectural 
works, that is to say, works built up on the true principles, and 
according to the known rules, of good architectural construction. 

When we call to mind the practice so prevalent and so popular, 
at iho period of which I treat, of erecting in churches huge archi- 
teotnraJ pageants of a moat ostentatious character, but of veiy 
-slight and tenijwrary materials and construction, a« chapelles ar- 
• lentcs and catafalcos, when the funeral obsequie-s of some high 
ecclesiastical or political dignitary were performed, it seems not 
unlikely that this prevalent fashion, on which, as it is well known, 
iirtista of highest eminence were often engaged, conduced to, oi' at 
least accelerated, that degraded character of architecture which 
we so much deplore, and which so injuriously influenced our art 
in subsequent times. 

Those vast architectural shams, the catafalcoa, were put together 
by the flimsiest contrivances: there was, of course, a lavish super- 
fluity of statuary; for it was of mere lath and plaster, and the 
drapery was often — I believe usually — real linen steeped in glue 
and whiting, to give it a fictitious rigidity and something of the 
superficial aspect of stonework. 

By auch-like artifices it became easy to " body forth" for a day's 
ceremony some " baseless fabric of a \ision," highly picture.sque 
aud imposing perhaps; indeed, when treated by men of genius 
and ability, very striking and even magnificent; foraa I have said, 
men of the highest rank in art were not in those da^'s avene to 
lend themselves to these ephemeral productions, 

la presenting such unreal mockeries to the view, masonic pro- 

firieties were neither required nor regarded. The boldest aud 
eaat fastidious practitioners would prolwibly indulpie aud Amuse 
their fancies iu realising the semblauee of impossible structures; 
and as it was just as easy and inexpensive out of the lath and 
])laster or clay and stucco in which they worked to present to 
the devout and admiring congregation a galaxy of clouds and 
glories, aud to grouj) together all the cardinal virtue? and the 
wIiiI.; hierarchy of wiints, as it was to exhibit the most gorgeous 
(i ■! I'^s and the richest colonnades, it is not to be wondered at 
timt the prrtducLions of the two arts got irretrievably inter- 
min!;;le<i and confounded, ;us well as corrupted. 

Thiit such a practice or fashion, prevailing among a people of 
wtivui: ipsthetic feeling, but of ln.K principles of taste — and such 
were the Italian people of the seventeenth century — should lead to 
a similiu* style of designing in works of amore permanent charac- 
ter, seonis natural aud almost inevitable. 

First, in interior architectund desigu we should expect to find, 
what in truth we do tind, that altar-jiieces, baldaehinos, and monu- 
ments, became strange medleys of the two arts, although worked 
out. perhaps, in real marble aud brass; and then the vicious ten- 
dency would necess;irily spread itself to exterior architecture. 

1 think that it may be said with strict truth, that exactly in 
profiortion as this sculpturesque spirit pervaded architecture, so 
that art became rieteriorated. It has been truly said by a high 
authority from this place, that painting aud sculpture each excite 
our admiration the most when their special chanict-ers are kept 
uioat clearly defined, and when each art limits itself to the doing 
thai which it is by its nature best qualified to do. Sculpture can 
very iniftei-fectly represent distance; and should, therefore, avoid 
as m;ioh as possible attempting backgrounds. Painting, on the 
other hand, is peculiarly competeut to produce such effects, by its 
power la represent space and distance; and therefoi-e the painter 
wh .• pl;;ces all his figures on the same plane does not avail himself 
fully i.f the capabilitit!8 of his art. So also the painter abandons 
one of his highest privileges when he neglects to use colour; 
whilst tlie sculptor who uses colour (unless he does so with iufi- 
uile caution, and exercises gre^it moderation and abstinence) runs 
aeriousrisk of turning his statues into dolls. 

Ourowu art is anieuable to the same law. It Is always moat 



triumphant when it attempts to do that only which it is its special 
proviuce to do. Thus then, to apply our remarks to the subjeofe 
in hand, I should say with great confidence that the architect who 
so designs his building as to render it doubtful whether sculpture 
may not legitimately lay claim to the work as its own, ia a traitor 
to his art, and despoils it of its birthright. 

Many instances of such self-debasement present themselves 
among the works of the degenerate days of which I treat It 
seems an ignoble task to hunt up for criticism and coademnation 
such examples of the abuse of genius; but such is the task I have 
imposed upou myself, Italy well earned the honour of having 
been the garden in the soil of which were nurtured all the moi 
beautiful prodnctions of modern art; but it was unfortunately in' 
that same too fertile soil that with greatest exuberance sprung up 
those wild extravagances winch ultiniat«ly brought bo great di»- 
credit on the arts, and on none more ao — perhaps on none so mnch 
— as on architecture. 

I believe that it is to that fatal facility which characterised 
the practice of all the three arts at this period that we miufe 
mainly attribute their common decline. Wholly wanting in the 
thoughtfulnesB and de«p feeling of Eafiaelle, and of some who pre- 
ceded, as well as of some who immediately followed him, the 
painters sought for the most part gorgeous and showy effects, 
at the expense of all the higher qualities of their art : so, as I have 
alremly remarked, the sculptors of this declining age designed 
impetuously and executed dexterously, but the sentiment of thei 
art had evaporated, and its greatness had gone; and so, to retu 
to our own art, the aichitects of the happier and earlier perid 
were enthusiastic without wild extravagance, refined without 
{>edautry, aud always knowing well when to refrain from and 
when to indulge in the graces of decoration : none knew mora, 
thoroughly than the latter more ad\Tinced quatro-ceutiats Aoi 
aud Khen to give a zest to their work by the moat charming orna- 
mentation; whilst none appear to have known better than th 
the value of breadth, simplicity, and even of perfect plainnei 
when their good taste and judgment prompted an abstinence fro; 
ornamentation. But I have on foimer occasions dwelt sufllciently 
on tlie merits of the masters of that great period, and have already 
endeavoured to urge on you the careful study of their works. I 
iianie them now, that you may feel more sensibly the contrast 
presented by the architecture of the degenerate age which fol 
lowed. It is my aim to deter you from the evil examples set ns 
by the licentious throng of the seventeenth century, oy holding 
up their errors for your reprobation and rejection. Througli the 
ignoranee of some, the contumely of others, and the loose habit 
of speaking common enough to most of us, the term " Italian 
architectui-e " is apt to be applied to buildings of the most diverse 
and opposite character. It is an instance of the same laxity of 
speech by which styles of the utmost contrariety, from the simple, 
austere, and lionest architecture of the early Kbeuish buildings, 
down to the florid extravagances of Adam Kraft, have all been 
indiscriminately classed under the one laree, nomeaning, am' 
inappropriate term " Gothic." It is througli the same though 
less and perhaps ignorant way in which the general ter; 
" Italian " architecture has been customarily applied, that 
injustice has been done to works of the highest quality. 

The vague and superficial knowledge, both of some of thoi 
who have written and of those who have spoken on our art, h 
too often leil them to place under the same category the beautiful 
works of Bi-amante, liaflaelle, and Giulio Bomano with the tnilj 
barbarous architecture of Borromini, Fischers, and too luon^, 
otliers. The Italians were, as I have already said, tlieniselv 
the first corrupters of the Italian style; and among tiiot-e corro 
ters Borromini stands out in strong relief, as a proniintotdel 
quent; for, as he was one of the moat reckless practitionerfi, nix: 
one of the most sinful contaminators of style, so was liu cue o 
the most active and pro6]ierous. Prosperous he truly \tf»', 
with that fatal facility on which I have been animikdvcr^iaiTt b 
occupied a long course of practice iu spreading over ^alJ 
numerous and conspicuous progeny of ugliness. Pro8|lHoini 
however, he was not to the end. By a kind of poetical j" 
which does not always attend npon the guilt of oflendio^' .^ 
he died miaeiiibly, the victim of jealousy and envy. Be 
Fischers was nnother instance whom I have adduced a.s <jt>« 
the false lights of this vicious period. Vienna, to thi.s ^T 
in its public buildings especially, distinguished by the 1 
of Fischers; and I know no city so sadly disfigured by " 
to which he belonged. 

Milizia is a cantankerous critic, it is true; but he 
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joitifiad vfaen he condeniDS Fiachere' triumphal a.rch nt YieoDa 
u '*oa capo d'upera di atravagaDza." The wildest disciple of 
BoTTomiQi, he sajs, coald not have invented a more capricious 
aod iirational deflign. 

I revert now to the question, What was the cause of this 
gn»X and general degradation of art in Italy ? It may be that 
the jwlitical and social condition of that country had for some 
time been degenerating; whilst other more northern countries 
wvn rising into wealth, and advancing iu the politicil scale of 
£arope. Yet it cannot be said that politicnl preponderance will 
always be foand on the same side of the balance as aesthetic ex- 
oetlence. We might readily point, in the history* of Europe, to 
aotable instances of the contrary. For example, I am aware of 
Mvooderful development of artistic Uvste having accompanied 
the brilliant epoch of Frerlerick the Cireat, or the extraordinaiy 
political ascendancy of Charles V. Going back to an earlier 
period, we shall find that in Mediajval times, when the social and 
political condition of Europe was very dark; and when, in the 
iMignnge of an old contemporary chronicler, " nobles aud bishops 
bttiJt castles, aud filled them with devilish and wicked men, and 
oppressed the people ;" at tlisit ver)"^ period, foul as it cerfiiuly 
wu with most of the vices which disgrace Christianity, a school 
of art existed which has been advantageously compared by many 
with that of the Greeks. 

It is clear, therefore, that thei-e are more subtile influences, 
which will, at least sometim^'a, operate favourably for the develop- 
ment of art, besides the accumulation of mere material wealth 
and political power. 

Neither will peace alone, of necessity, bring {esthetic excel- 
lent? among other blessings iu ita train, as we are very apt to say, 
tad very willing to believe, when we would paint the horrors of 
war. The Greek states, fur example, brought the fine arts to a 
climax of excellence never since fully attained, although they 
were for ever engaged either in w.arnng on each otber, or iu pre- 
paring aud defending themselves against extermination from 
barbarian hordes. So the Italian states, among whom art received 
its second birth, were constantly plunged in internecine wars- 
How often were the great masters of our art called away to super- 
iuteod the erection of gloomy fortifications, and ponderous, un- 
seemly, loop-holed walls, for the protection of those very cities 
which they were engaged in beautifying I How often were great 
and glorious works of art arrested in mid progress by the incur- 
sions of neigbboaring rivals, or by the threatened devastations 
pf foreign hosts, or by the exhaustion of the public purse conse- 
tjaent ou these deadly strifes ! 

These instances, which might be greatly multiplied, are suffi- 
cient to show that a stormy political atmosphere is by no means 
of neocssity inconsistent with the existence of a highly excitetl 
•tate of Artistic ardour. 

I would not, however, for a moment be supposed to pledge 
inyvelf to the paradox that war is favourable to the cultivation of 
•It. Very far, indeed, from that is the itct. All that I would 
wish you to infer from the remarks which I have just been 
making is that the arts have been found to prosper notwithstand- 
ing war. But there is one condition which I believe to be clearly 
and positively essential to the permanent well-being of the arts, 
and that is public prosperity. I suppose it to be imjjossible to 
cite an instance of the general decay of the luateri."*! interests of a 
country not being accompanied by a correapoading degradation of 
the fine arts in that country; whilst, ou the other b.-iud, the sound 
social prosperity of .•» people will genemlly be found to be accom- 
panied by an elevation of their standard of taste, as well as by a 
widely spread appreciation of the tine arts. 

The proudest works of Meditevol France date about the period 
•n St. Louis, by his wise government, raised the character ana 
solidated the strength of his country. In England, the rule of 

ward III. marks the periods of the highest point of excellence 
to which Medieval art reached in our country; and precisely 
that warlike and heroic period was the most brilliant iu the 
political annals of our middle agea. 

I ne<<d not do more than point to the age of the Medici, in Flo- 
rence, as the period most embellished by the fine arts, and a.s the 
p^-'- ■' "'''•*T) the Italian Peninsula stood foremost as the most 
y minent among all civilised nations; and we have 

al: ij, from the retrospect I have been taking of the archi- 

t-^ i.r. if (.be Italian Renaissance, that the debasement of the 
tbi-e :?i.vie) arts was simultaneous! }• with the decay of Italian politi- 
cal grestaeu. It is not for me to attempt to explain these coinci- 
doMM. Jt needs a larger aud far clearer view of the philosophy of 






history than that to which I can pretend before I can presume to 
lay open the causes of the^e phenomena, the existence of which is 
all I can venture to assert. 

Perhaps, too, the inquiry into those causes would hardly pro- 
fit tis here, for it belongs rather to the domain of the political 
economist than to that of the artist. No doubt every ingeuLous 
mind imist feel an interest in these general views, but they can 
scarcely be expected to bear us much fruit, nor to atford us pi-ac- 
tical rules of conduct in our search after oeathetic excellence, a 
search which should ever be uppermost in the artist's mind, be 
he student or professor. To trace the progress — not the occult 
causes — of decay in our art has been my chief object in the few 
desultory remarks which I have this evening addressed to you. 
It is but a sorry theme; and I may be blamed, perchance, by 
aome, for having lingered so long among these ruins of a fine art, 
aud for having saimtered so long upon the banks of that stream 
ot polluted art which deposited its slime over so wide a portion of 
Europe, aud during so long a period; whilst I might, with so 
much more pleasurable a feeling, have been leading you on to 
admire beauty amidst the charms of a happier age. But it is my 
conviction that much benefit is to be derived from the bold and 
unhesitating denuuciatioo of whatever we must recognise as faulty. 
There are sermons iu stones, whether they be fashioneil by the 
hand of a master, or rudely hewn by the chisel and mallet of a 
'prentice hand. The diagnosis of disease ia iu truth best studied, 
not in the healthy, but in the disordered subject I have laid bare 
befoi-e you some sad cases of such disordered subjects this evening. 
It was, as you well know, the Spartan philosophy to deter the 
youthful mind from vice by exhibiting openly to the public gaze 
the unhappy aud repulsive results of vice. 

All that I nsk of you is that you will note and heedfuUy observe 
these errors of our art, even whilst you pass them contumeliously 
by; and that you will study them well, for the mere purpose of 
])ropounding them as objects which neither love of novelty, nor 
the attractions of singular ingenuity or of great technical skill, 
should ever tempt you to imitiite or to repeat. 



Lecture 1 1. 

Dr. Moore tells us somewhere, of his having met on his conti- 
nental tnivels with a Scotch tourist, who was delighted with the 
mouDtaii) scenery of Italy, and was expre.ssing his admiration of 
oue of the sub--AlpiDe lakes, M'hea he was rebuked by the doctor, 
who assured him that there were some scenes of similar character 
in Scotluud of not inferior beauty and sublimity; and specified 
oue as purticularly worthy of Iris admiration, which tumea out to 
be part of the Scotch laird's own paternal estate. He bad in fact, 
been born in the midst of natural beautios, so familiar, or so lightly 
regarded by him, that they h.td escaped his recollection, or, per- 
luips, even his notice. A similar indiiference is apt to be felt by 
us towards all objects that &ve too easily accessible. In such cases 
familiarity breeds contempt, whilst we are wont to show and feci 
unusual zeal and auimaliou when the object of our research ia re- 
mote, or accompanied iu its attainment by the stimulus of diffi- 
culty. 

Ttiua it is that we live surrounded by stores of knowledge of 
which we rarely avail ourselves; museums which we seldom visit 
and libraries which we never consult. Many such neglected 
mines of knowledge exist iu London : many a rich vein ia daily 
trodden aa it were umier our very feet, without tempting us to 
extract from it the treasure it contains. 

I purpose on this occasion to invite your attention to one of the 
greatest of these depositories of iutellectual wealth, — the Library 
of the British Museum. 

Without attempting to bring before you even the shortest or most 
meagre enumeration of all the objects of interest to the architec- 
tural student which that vast repository may contain (such nn 
eDutueratiou would, indeed, be as much beyond my powers as it 
would certainly be beyond the narrow limits of a lecture) — 
without attempting any such task, I propose now to indicate to 
you a few of the more striking specimens of llie literary and artis- 
tic wealth which are in so great abundance in the library of the 
British Museum at our disposal ; accompaoying them with eucVi 
remarks as may be naturally suggested by the consideration of the 
objects themselves, as I enumerate them, I do not design here to 
touch upon the antiquities at the British Museum: a critical ex- 
amination of these, or even a correct appreciation of them, would 
be beside my purposes as well as beyond my power. To enter 
that depaatmeut would assuredly lead us into antiquarian disqui- 
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Bilions, which I am anxious to avoid, as being foreign to my duties 
within these wall*. 

The fii"st book I shall advert to ia a very largo folio volume, 
descriptive of the great Flavian Amphitheatre iu Rome; and ap- 
pears to have been the result of long and careful examinations, 
made chiefly dnringthe excavations by the French whilst iu mili- 
tary occupation of Rome in 1811, 1812, and 1813. Tiie author 
was a French architect, Mons. Paris, who had long been a resident 
in that city, having quitted bis native country at the outbi'eak of 
the great Revolution. He seems to have been a pjkinataking and 
iuielligeut observer; and the delicately executed drawings of 
which this volume consists, with the minute notes explanatory of 
them, bear testimony to his great carefulness as an architectural 
draogbtsman. He appears to have quitted the pi-actice of his 
profession as an arcliitixit early, and to have been eDgage<l for some 
yeaiiB in the decorations of the royal theatres and of the opera, at 
Paris. During his subsequent exile in Italy those stuilies were 
made, one of the fruits ot which was the magniticeat volume I 
have alluded to. 

Probably there never was executed so complete a monogram of 
any one building. The only subject of regret is that the drawings 
generally do not distinguish so clearly as one would wish between 
those parts which are tlie representations of the actually surviving 
portiona of the buiKling and those parts which are the conjectural 
restorations of the ingenious antiquary himself. iSome of the 
drawings, however, are not open to this criticism, but are beauti- 
and fully executed delineations of the edifice in its revived state; 
I can safely affirm that all the drawings bear very strong marks of 
having been the work of a painstaking and acriipulous artist. 
The work was intended and fully prepared for publication: it hia 
remained however in MS., and ultimately became by purchase 
the property of the trustees of the British Museum in 1847. 

In many respects the Colosseum at Rome is one of the mo.st 
remarkable buildiugu of antiquity. It has all the attributes of 
grandeur. In its actual dimensions I believe it to be the largest 
single building ever erected; unless we except the Pyramids of 
Egypt, which are, perha]«, hardly to be classed as works of regular 
architecture. Its simplicity of character and uuity of design are 
sources of grandeur, There is a breadth of manuer, and a noble 
abstinence from trivial ornameittition iu itscxtonial archifcectui-e, 
which greatly elevate the character of the building. There is a 
nuijesty, even, in its stupendous strength. It stands a monument 
of oonsummato constructive t-Uent; a talent not parading itself, 
like A Mediaeval cathedral, by tbe perpetual manifestation of great 
«fforts, — lateral thrusts and counterDalancing weights, huge pic- 
turesque maases of masonry piled up solely to resist the tendency 
to seli-destructiou constantly operating on the structure, This 
immense building, on the contrary, stands, and has stood for 
eighteen centuries, not by any atrainin:; exertion, but staiply 
because all the laws of static science have beeu scrupulously 
reganled. I am justified iu saying that it has stood for eigliteeu 
centuries; because, notwithstanding the concussions of earth- 
quakes and tempests, and the erosive agency of natural causes, it 
still stands, with few marks of substantial injury, except those 
which it has received from tbe destructive hands of man. 

It has been for ages the quarry whence ready-worked atones 
have been oontiaually abstnicted, and whole palaces have beeu 
the result of such spoliation. Yet it survives, next after the 
Pyramids, tbe greatest architectural monument in the world — 

"A nils, jet whkt ■ rain ! From itc mui 
WiilU, iMtUoM, \itil dtiM bftve bMn reared; 
Y«t ofl the enotmoiu iikekton ye dmi, 
And marrel wb«re the apoil could bare appeared.** 

I must not dwell on the structural merite of the building; but 
I cannot refrain from expressing my persuasion that the very 
ablest practical majaou of the present day might study with great 
profit the jointing, bonding, and liedding of tais mass of masonry, 
while tbe brickwork is equally admirable; — the dexterous eco- 
nomy of labour by which rubbie-work, consisting of broken frag- 
meute of stone embedded iu Pozzolana cement, is strengthened 
by an artful introduction of bonding courses of brick : these 
bricks being often of very considerable size, and always of exces- 
sive hardness. All this union of economy of labour with the 
utmost strength is indeed well calculated to excite t!ie admira- 
tion of every practical eye; yet this wise economy of labour and 
materials, which is apparent throughout, was never allowed to 
interfere with that stability of workmanaliip which was evidently 
a paramount consideration with the buitJera. The three-quarter 
columns, for example, of which there arc on the exterior so great 



a multitude, are not built as insulated blocks of stone applied 
the suHuce of the wall fur the mere sake of ornament, but are buL 
in and bonded with the general masonry of tbe walls; contriba-' 
ting therefore to their strength quite as much as to their embel- 
lishment; in fact, the very reverse of what was very commonl 
the case with the slender shafts of Meiliiseval architecture, wbi 
were often inserted to give lightness and richness of effect to tt 
pier against which they stand; serving, it is true, to convey to tl 
mind's eye the idea of support to the corresponding members 
the archivolts, and continue down their lines, but not practically 
forming any real integral part of the pier or jamb agamst which 
they 8tan<L That this was, at all events, often the case, is 
obvious from the fact that there are few Mediieval buildings that 
have not been more or less deprived, either by natural decay or 
by violence, of their slender nook-ahafts ; the arch moulding 
which was made a[>parbntly to rest on them remaining neverthe- 
less perfectly unaffected by the removal of them. 

It must be remembered that in their working the column as 
an integral part of the wall behind it, as is, I believe, invariably 
done at the Colosseum, a considerable amount of extra labour 
and some loss of material were incurred b}' tliua sinking the cii^ 
cular shaft out of the solid block, — a labour and waste, however, 
which appear never to have been heeded when the perfect 
stability of the work was in iiueation. These columns, thus con- 
structed, act strictly and efiectively as buttresses, giving great 
lateral support, while they so largely contribute to the ornamen- 
tation of the structure. 

In like manner we see the vast blocks of stone forming the en- 
tablatures tailed into and bonding with the rest of the mnsoD; 
— not merely laid upon the pillars to convey the idea of cousti 
tioc, but reitily forming an essential part of the wall masonry. 

It is, indeed, very manifest that extreme durability was ever a 
foremost consideration in the mind of those able Roman maso: 
A curious instance of this feeling occurs in the construction 
the steps of tbe numerous public 8tairc9«ses. Being open, and' 
therefore c<mstantly exposed to the weather, it is obvions that 
had the 8te]» beeu simply laid on each other iu the usual way uow- 
a-days, the wet would have been liable to penetrate or be driven 
through the joints; and so, in tbe course of years the gradual bai 
constant penetration of wot would have injivriou.sly atfectcd t 
vaults and arches beneath on which these steps were laid 
prevent this a very ingenious and, I should imagine, a very 
etfectual contrivance was devised, consisting of a sinking cut into 
the face of the tread, where the riser of the step beds upon the 
tread of the step beneath it; which sinking, as Mr. Pans very 
aatisfactorily shows, was made to receive a covering, or what 
workmen call a li.sting, of mastic or cement of some kind, well 
cftlculated effectually to exclude wot. 

I must, however, no longer dwell on these practical subjects, 
which might be multiplied to almost any extent; all tending to 
prove that there were raaster-miiuls among the builders of Rome 
as well as among its military and political chiefs. Although this 
wonderful building now presents to our view little more than a 
vast mass of bare masonry and brickwork, deformed by time ai 
barbaric depredations, it is not to be doubled that its iutcruol e: 
belltshment was as gorgeous as might bo expected fcoax Rom; 
builders, who were so addicteii to magnilicenoe, and who mighl 
be supposed to be especially lavish iu the adornment of this t[ 
most highly favoured centre of attraction to the pleasure-lov 
citizens of Rome. Mr. Paris furnishes us with careful dranin 
of frngmente of ornamental details which fully confirm this 
supimsitiou; minutely enriched stucco linings appear to have 
decorated the interior of the halls and corridors; ami notwith- 
Btandiug the ravages that these ruins have for ages been sub- 
jected to in the search for precious marbles, fragments of fluted 
columns yet survive, of richly coloured marbles, carved most 
elaboi-ately. The extent to which this elabuiation was carrii 
may be in some measure inferred from the immense amount 
labour bestowed upon so subordinate a detail as the fluting 
the shafts of the marble pillars. 

It should however be observed, in justice to the architecte of, 
the Colosseum, that the somewhat excessive extent of minu 
decoration, as indicated by the few surviving sticcimetis, 
confined to the interior; whereas the exteriur, ooth in the co 
structive featui'es and in the details, is remarkable for gener 
simplicity. 

In this building, as in most of the Roman monuments of tbe 
best period, a greatness of manuer eminently distinguishes its 
exterior arcLiteetui'e; a circumstance well worthy of yuur note iu 
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tbt pren«i«H to crowded oroamentation Kt the present day fK> 
prer!il«at. Without going back to remoter and simpler times, 
W9 ahall, indeed, find that iu Boman art, iu ita best and purest 
liaTS, Eod in Mediceval art at the justly-applauded epoch of the 
tbmeeath century, aod in Renascent art at it« period of freshness 
ud beauty, wbeii Bramante and Raffaelle designed, — at all these 
«p06)Mof art We shall find no viilj^r overloaded decoration, but 
BMIMlaat evidence of that just appreciation of the value of orna- 
mtdtt which knows how to use it with duo effect, and when it 
tai^ be naefully dispensed with. 

I will not dismiss this remarkable volume from your notice 
without noliug the extraordinary dimensions of the building 
which it illustrates. I find the length of the major axis to be 
fiWfcet, and of its minor axis, -180 feel; whilst the height from 
the groaad line outside the building to the summit of the exterior 
wall n 160 feet Mr. Paris makes an elaborate calculation of the 
wtoal DumtKr of sittings afforded by its marble benches: the 
rasttlt is 44,090 persons. The stories, therefore, of those (like 
FoatMiA and others) who represent the number of persona nccom^ 
aodated to have been 80,(XK), or even more, were eitlier wild 
esag^mtions, or it may be that this high number might have 
beeo obtained by counting the multitudes who could have been 
crowded into the numerous corridors, on the broad platform at 
the highest part of the amphitheatre, and possibly, too, on the 
tnain. itself. 

I will now invite your attention to two splendid folio volumes 
ofdrawtDgs preserved in the Ht>yal Library, of which they form 
& part. The drawings are executed very carefully and cleverly ia 
outline, slightly shadowed and tinted, upou vellum. The series 
comprises plans and views of the chief royal palaces of France, 
together with some original designs, by Jacques Androuet ilu 
Osroean, one of the must eminent among the originators of the 
BmAisaiiDoe in France, bom about 151<'}. These valuable and 
latrrMting drawings were made for Catherine de Me<licis, and 
eertainly formed part of the royal collection of France. How 
they cubsequently became transferred to their present place on the 
diares of our great public library is not recorded. 

It ia not my intention to particularise all the buildings repre- 
sented in these volumes; indeed, so rich was the French crown 
in Cliateaiix and Maisons de Plaisance in the sixteenth and seven- 
teenth centuries, that it would extend my notice far beyond its 
^per Htuitd were I to do so. Atl the earlier examples are 
characteristic of the transitional period when they were erected. 
In plan they retain much of the type of a Mediisval fortification, 
aadthi«niay have been probably occasioned in some cases by the 
craetion of the palaces on the foundations of some more ancient 
of a strictly military character. But thei-e are few that 
UD any provisions whatever fur active defence; the bastions 
3«ne clusters of embowed windows, enriched with many archi- 
'iMCaml embellishments; and the intervening curtains are oc- 
(npled entirely by wide windows, lofty chimneys, and other 
features of domestic architecture, to the exclusion of the loop- 
holes and frowning machicolations of the preceding ages. 
Tkoee highly-picturesque buildings, the Chateau de Chambourg 
•ad that of St. Germain an Laye, for example, are buildings of 
this mixed character. They are <le8cril>€Kl as Bntinients de 
FLuaance, and present throughout the evidence of their having 
been built for agreeable resiliences; whilst, on tlie contrary, the 
pUa ftloue of these buildings would convey the idea of a strictly 
fortiiied place, with moat and drawbridge, and like appendages. 

The Chiiiteanx of Blois and of Amboise are interesting examples 
of Ihia picturesque transitional style; one of the prominent fea- 
turaa of which is the veiy eteep and couicsal roof, enriched by 
movt elaborate cresting and finials; the latter rising often to a 
eiMWiderftble height, sometimes of metal, and sometimes executed 
ia gUuied &ad coloureil terra-cotta. The variety imparted by 
these means to the sky-lines of the roofs is one of the chief sources 
of the picturesque in the buildings of this date iu the north of 
><>, It is worthy of note that at the Chateau Amboi^e, the 
:, which is conspicuous in the group of domestic buihlings 
wbioh compose the cbiteau, is strictly Gothic, in general outline 
«i well «£ in ita details; having lofty and slender pinnacles and 
bottTHees, and tracoried windows; whilst, as I have stated, every 
dbiVpertof the palace is in that particuar phase of the Henais- 
■HMW which prevailed in France sifter the general discontinuance 
of the Gothic manner. This distinction would seem to indicate 
that a sense waa felt of the piopriety of adopting for eoclesiastical 
bolldiugi a eharaoter of architecture dilfering from that employed 
in d<wigning domestio buildingB. 



I have on a former occasion expressed my opinion that such a 
distinction seems not unfounded in reason and good sense. To 
adopt a strictly Mediaeval style of design in all its purity and 
completeness in the erection of a domestic building — a private 
residence, for example, where all the luxurious requirements and 
refiuemeuts of modern social life are necess-irily to be exp»ected — 
is a task full of embarrassment and difficulty to the architect; 
necessi tilting frequent departure from ancient types: whilst, ou 
the other hand, the Mediaeval style lends itself with great facility 
to the construction of a church or chapel in ita familiar form, anil 
with ita necessary adjuncts. 

There seems, indeed, a mond as well as aesthetic propriety fli 
thus setting apart a special style to buildings of a sacrea charac- 
ter; visibly distinguiahing it from a building erected for domestic 
and, as it were, vulgar uses; — a distinction analagooa to that 
which led the Egyptiana to preserve a hieratic character in their 
sacred writings, as well as iu their sacred architecture, long after 
cl.-u)sic forms and demotic alphabets had become familiar to them. 
I may a<id, with reference to this example at Amboise, that there 
are no indications whatever to justify a supposition that this 
Gothic chafwl is not coeval with the surroundiu^ buildings of the 
chateau, which are, as I have said, of a perfectly Renascent aspect. 

The Chateau Valeri, which ia iu the same early French style, 
ia particularly notable for the boldness and vigour with which it is 
designed — a manner so broad and forcible as to well merit the 
character of grandeur. 

The ChiiteAu de Wontargis is an example of great interest, 
having less of the Renaissance element in its style of architecture.. 
The sectional views convey an excellent idea of the interior of 
the chateau as it appeared at the time of Catherine de Metlicia. 
The capacious chimney-breast in the great hall is especially ob- 
servable, liS characteristic of the style of the period. Ou the 
front of this chimney-breast is represented, in sculptural relief, 
the romantic story, which tradition has handed down, of the 
faithful "Dog of Montargis," who avenged the death of his mas- 
ter. To quote the somewhat quaint old French phraseolog;^ ^Q 
which the volume adverts to the legend, it describes the subject 
of the sculpture as " L'histoiredigne de m^moire d'un combat u'nn 
gentilbomme contre uu chieu, lequel gentilhomme, ctant vaincre 
pur le chien, confess a avoir i\ii sou compagiioo, roaitre du celluy 
chien." 

This practice of sculpturing or painting some family legend, or 
other interesting historical incident, over thechimneypiece round 
which the members and retainers of a family were habitually 
assembled, seems agreeably characteristic of the habits of the time; 
and presents a contrast very unfavourable to the manners, an<l 
even to the taste, of the present day, when we compare these 
simple, and perhaps somewhat rude, yet vigorously-expressed 
illustrations of our social state, with the paltry ornamentation of 
a modern parlour, the shabby unmeaning looking-glass .and putty 
frame which usuallyusurp this place of honour in the best living- 
room of our modem dwelling-houses. The chimueypieces or fire- 
places themselves suggest similar observations. Id the caae be- 
fore us of the great hull of the Chateau Montargis, the chimney- 
piece, as represented in this book, ia typical of that feature in all 
the great halls of the fifteenth, sixteenth, and seventeenth centuries 
throughout Europe. A great canopy or hood advances forward, 
overhanging a hearth cap.icious enough for the combuktiou of fuel 
suflBcient to warm the whole household collectively. This over- 
hanging chimney-breast is not usually carried by the projecting 
Eiers of solid masonry or brickwork which now-a-days generally 
mit greatly the railiation of heat, and send it up the chimney 
rather than into the room. The breast, on the contrary, is 
usually carried by pillars, or other carved supports, attached to 
the wall, and ora.amenting as well as supporting the hood which 
is to carry off the smoke; at the same time projecting so mode- 
rately, and occup^'ing comparatively so smalt a space, as to cause 
very little obstruction to the radiation of warmth. 

No doubt these rude coutrivauoea may not be always very 
effectual in carrying off the smoke; but it may well be 
questioned whether a little smoke was not more than com- 
pensated for by the genial embrace which these old fireplaces 
offered to the old social circle. Besides, let us candidly admit, 
with all the unsociable contractions which modern science hiw 
engendered, are we not still occasionally a little troubled by 
smoke ? — smoke, without any compensating beauty, and for 
which we get nothing in return but damaged furniture, and per- 
chance a ruffled temper. 

(7b ht coTUi»ved,) 
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ON A NEW MODE OF COKING IN OVENS APPLIED 
TO THE STAFFORDSHIRE SLACK.' 
fij Al&xaxder B. Cochramk. 
{With an Engraving.} 

Makt varieties of coke ovens hnve from time to time been 
iuvented witli a view to ecoaomiBe the cost of cukiug, which have 
met with vai-iable suceeaa; nod attempts have recently b^-'en made 
to perfect the adoption of fines underneath the floor of the ovens, 
which were tried so long ago as 1S53 by Mr. J. Diiuning, and have 
since been attempted frequently, but with only partial succeas, 
The subject of coking has a most important bearing upon rail- 
ways especially; and if coke could be obtained at a owl aitproxi- 
mating more nearly to the price of large coals than can jwsslbl^- 
be the case ander the ordinary system of coking whereby little 
more than a yield of SO per cent, is obtained, the advisability of 
again reverting to coke in locomotives instead of coal would be 
considered, and would probably be judged expedient. 

In the ordinary plan of coking, the oven in which the process 
ia performed is a roimd chamber about 10 feet internal diameter, 
as shown in Fig. 7, Plate V., the floor of which slopes gently from 
the back to the front; the oven is covered in by a dome springing 
at about 4 ft. from the floor and rising to about 8 fu at the highest 
^int. At the centre of the dome tire charging orifice is situated, 
which server as a chimney in the simplest form of oven, and as the 
entrance into the general flue of a series of ovens where a separate 
chimney is employed; the coke is drawn out through the door in 
front oi the oven, and in some instances the coals are also charged 
through the door. In such an oven, whether it be opeD-toppc<l, or 
whether the g.ises and smoke instead of being allowed to escape 
immediately into the atmosphere are conveyed along a generul 
flue to a suitable chimney, the pi-ncess of coking is carried on from 
the top of tlie coals only, travelling downwards until it reaches 
the floor of the ovens. But the coking could not be carried on 
wjihout a considerable quantity of air being admittal during a 
certain period at lost of the process; and the fact is that the 
o^king is efiected at the expense of the combustion of a certain 
percentage of the coke which the charge of coals ought to yield. 
Weip not airajlmittel, the process would stop; and as it is, the 
ovens are subject to great irregularities from the uncertain 
draught in v.<iriable states of the atmosphere. This is evidenced 
by the fact that if the draught of an oven is interfered with the 
ovcu does not get "burnt ofl" as it ought to \>e, requiring 
perhaps a day longer to be completetl or even more: and when 
the oven is drawn it will be found that the coke is accompanied 
with the objectionable appearance due to what are called *' bh-ick 
ends," or partially coked ooals. This great evil has been in a 
measure corrected by the adoption of a tall chimney to a series of 
ovens, but in that case arises another objection: in a long series 
of ovens it is ditlicult to make the influence of the chimney felt 
thronglinut; and consequently of the two systems the original 
one is still preferred in some instances.- 

In connecting a chimney to a series of ovens the arrangement 
found best is to place, say 43 ovens in a double row of 24 each, 
back to back, with a central flue passing between the two rows 
into a chimney occupying a cenlnil position in the block of ovens. 
But even in such an arrangement, where the farthest oven is 
separated by only 1 1 intermediate ovens from the central chimney, 
it IS found impossible to prevent the npeedy burning otf of the 
oven uearertt the chimney and the tar<ly burning otf of the ferthe^^t, 
the intermediate ovens varying in their regularity according to 
their distance. It is saiil the oven nearest the chinmey is capjible 
of being burnt otf without intentional admi.ssion of air, which in 
the other ovens is equally allowed to enter by only j)artially 
closing the dour; but the real fact is that the dniught of the 
chimney exercising its ^freatest furce on the nearest oven draws 
in a qu.intity of air, imperceptibly though not the Ie.<J3 certainly, 
through the imperfect joints of the temftorary door and of tiie 
external and internal masonry: and each oven only apparenilj>' 
requires more air as it recedes from the chimney. At the Glou- 
cester railw.iy station the writer believes it was attempteii several 
years ago to correct this evil by arranging a series of ordinary 
ovens in a circle around a central chimney, and no doubt tlie 
ditficulty as regarded the draught was removed; but from some 
cause or other the whole system is now swept away. Such an 
■rmngement however as that of a central chimney with the ovens 
arraoged in a circle round it would evidently constitute a marked 

* B*«(l M Ihe Iiutittttioti of Mechauical Eogiue ere. 



improvement so far aa regularity of dranght for each oven it 
concerned ; but it is equally clear that with the ordinary coq- 
atruction of ovens as above described much ground would be 
sacrificed by such a plan. 

The yield of ordinary coke ovens rarely exceeds 50 to 52 per 
cent, of the ooal supplied. The experiments which have been 
made to bring about the adoption of fluid ovens have pointed to 
the importance of making use of the waste heat from the ordinary 
coke ovens to assist in the process of coking. Indeed all fluid 
ovens have one common object: to make the waste gases circulate 
in flues either beneath the floor of the oven, where they are 
ignited by suitable admission of air; or, as in one instance, around 
the top, sides, and floor of the oven. As may be supposed, the 
rapidity with which the coking is performed is greatly increased, 
and the non-admission of air to the contents of the oven is a 
source of great increase in the yield : bat the wear and tear on 
this class of ovens is excessive. In one instance, where the waste 
gases are made completely to envelope the oven, the wear and tear 
amounts to no less than dd. per Um of coke produced ; and in a 
reoent plan the writer understands the flues underneath the floors 
of the ovens are in a very short time so destroyed that the oven 
must be laid otf for repairs, far too frequently to make the plan 
commercially successful. 

The plan of coke oven forming the subject of the present paper, 
the invention of Mr. Henry Eaton of Bordeaux, is believed to 
fulfil the requirements of a good coke oven more completely 
than ovens on the ordinary plan, or those having flues underneath 
the floor. About the middle of last year the writer, having to 
decide on the class of oven to be adopted athis Tursdale Colliery, 
in the county of Durham, after a careful investigation into the 
merits of various plans determined to build an ex]>erimental 
block of 12 ovens on Mr. Eaton's plan, at the Woodside Iro» 
Works, Dudley, with the intention not only of testing the valae 
of the ovens for coking North-country cosd, but also of tiring 
what could be done in coking the intractable slack of the Stafford- 
shire thick coal, the "fine" of which has hitherto been thrown 
away as waste iu very large Quantities. The success was so far 
complete that it was botii decided to adopt this system at the 
Tursdale Collierj*, where two blocks of 12 ovens each are now in 
operation on this plan and a third in progress: and a second block 
has also been erected at Woodside, which has been at work for 
two months. 

The new ovens are shown in Plate V. Figs. 1 and 2 are a 
general elevation and plan of a single block of the ovens; Fig. 
3 is a part sectional plan to a larger scale, and Figs. 4 and 5 are 
longitudinal and transverse sections of the ovens. 

The ovens, twelve in number, are arranged in the form of a 
circular block, as shown iu Figs. 1 and 2, of 44 feet diameter, 
round a high chimney in the centre, which causes the draught 
to be equal upon all the ovens, so that the coking proceeda in 
all alike with equal regularity. Each oven A, Figs. 3 and 4, 
opens at the back by a flue into the regulator B, from which ia a 
smaller flue leading into the chimney C. At its junction with 
the oven the size ol the flue is about 18 inches square, reduced 
at the regulator B to 8 inches square, and at the foot of the chim- 
ney it is only G inches square. The regulator B is a rectangular 
chamber covered by a moveable plate perforated with holes for 
the admission of air to th>* gases disengaged in the process of 
coking. The square chimney C is divided at the base by diago- 
nal partitions D, Fig. 3, rising a little above the flue levels, the 
etfect of wiiich is to distribute the draught of the chimney 
uniformly over the twelve ovens in four sets of three each. The 
flues do not enter the chimney at the same level, but the middle 
one in each set of three rises above the two on either side, and 
thus space is economised iu the size of the chimney at the base. 
The top of the chimney is 3 feet square inside, but this is larger 
than necessary, and it need not exceed 2 fl. 7 in. square. The 
chimney is lined with firebrick for 12 or 15 feet of its height 
from the ba.se, to protect the red brickwork from the intensity 
of the combustion which there takes place. It will thus be seeu 
that the arrangement of a central chimney and its division at 
bottom by four partitions creates a most uniform draught in e.nch 
oven of the block, and this uniformity is one of tlie most im- 
portant elements to bo secured in coking. 

The chimney and ovens rest on a foundation E, Fig. 4, ntade 
up «>f cinders and dry rubbish free from any combustible ingre- 
dients, well mmmed in to secure solidity, over which is laid 
ab.iut 9 inches of concrete. The whole block of ovens is con- 
tained by brick walls bound together by bolts and straps, the 



riM 



]far.l,lHt] 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



85 



latter beiog wroaght to the form of the door frames, which are 
thereby held ia their places. Each oven is covered ia bj an 
arch, ahown in the transverse section Fig. 5, every portion of 
which is an arc of the same circle. The turning of the arch haa 
been foand to be a matter of aome difficulty, to ensure periua- 
nenoy; but has been satisfactorily accoinpiisheid in the following 
manner. To make a perfect skewback for this arch, the angle 
at which the arch beds on the partition watts of the ovens 
should vary at every point of the walls, on account of their 
diverging from one anotlier, as they all radiate from the centre 
af the tuock. Bat it has been foand best to adopt a medium 
ugte throughout, and cut the last arch bricks on each aide of 
the oven to bed properly to their place. Tlie rest of the arch 
bncks are all bedded in pLiues parallel to a centre line through 
the middle of each oven; so that after starting from the skew- 
backs, as the lines of bedding planes lengthen and approach 
the centra, they leave a paiallel strip the whole length of the 
oven and the arch is eitsily keyed in. This done, the centering 
being constructed in three convenient parts, can be easily taken 
to pieces, and removed through the ntonth of the oven. 

The cbarginz of the ovens, where one kind of coal alone is 
used, ia done by waggons holding about 10 cwt. of coal each, 
which run upon a circular railway F, Fig. 4, on the top of the 
ovens. When the chargiug ia completed, the moveable hopper 
O is removed, and the hole in the roof of the oven dosed oy a 
large slab, and luted all round to make it air-tight. Where a 
mixture of coal is needed it is nsually more convenient to fill 
at the mouth of the ovens. The plan, Fig. 2, shows b.ilf the 
block of ovens, with the railway for charging through the roof 
of the ovens, and half without the charging orifices in the roof. 
The progress of the coking can at all times ne inspected through 
a sight hole in the top of the door of each oven, which is closed 
by a small fireclay plug. When completed the coke is with- 
drawn very easily iron the ovens, as the partition walls are 
radial and diverging from each other. For waterin;^ the coke 
previoas to drawing, a water main If, shown in section in Fig. 
■i, encircles the block of ovens, having suitable standards fitteil 
with india-rubber hose pipes; at the end of the hose is attached 
a long gas tube, which ia put in through the mouth of the oven 
and moved about to direct the water over the surface of the 
coke. For facility of handling the tube and working tlie tools 
used in drawing the coke, a small portable crane I, Fig 1, is 
provided, easily shifted by a couple of men, having a double 
book roller, shown in Fig. 6, over which the tools move easily. 

The mode of working tnese ovens ia in the first place to dry 
them oS' in the usual way, which takes four to six days from 
the first lighting of the fires. When sufficiently heated, the 
ovens Nos. 1-4-7-10 are cleared of ashes and charged on the first 
day, the heat being purposely kept up in the rest of the ovens 
till they are in their turn charged. On tlie second day the ovens 
Noa. 2-5-S-Il are chained, and on the third, Nos. 3-6-9-12. By this 
dIad of chargius the heat of Nob. 12 aud 2 is assisting to impart 
Iteat through the partition walls to No. 1 between them; the 
Mine takes place with Nos. 4-7-10, each between a pair of warm 
ovens. For 24 hours therefore Nos. 1-4-7-10 have tlie advantage 
of adjacent heat, by which time they have acquireii sufficient 
temperature to permit of the drawing and chargiug of the one set 
of aujaceutoveusNoa. 2-5-8-11 on the second day without injury. 
Indeed the first ovens have acquired a sufficient de^e of tem- 
perature to assist in starting the operation of coking lu the ovens 
dku^ed on the second day. The same remarks* apply to the charg- 
ing of ovens on the third day, those of the first and second day both 
now aeaistingto start the coking proceia in Nos. 3-6-9-12 charged 
oa the third d.<iy. For 24 hours the ovens charged on the first 
•od second day are now reacting upon one another, whilst those 
dufsed on the third day are being urged forward to a degfree 
whicn will enable them on the fourth day to permit of the 
drawing and recharging of Nos 1-4-7-10. 

Id applying the new plan of ovens to the cokine of the fine 
ahmk or the StafTonlahire Thick coal, it is mixed either with 
bituminous slack from Sduth Wales or with a smaller portion of 
pitch, in order to impart the uuoessary caking quality, the want 
of vhlob has rendered the Staffunlshirc shick iiicvpabte of con- 
version into coke by any pluns previously tried. In either case 
the re<)aisitebinding property is now obtained, and the coke is 
piwiactMl in lumps of large size and excellent quality, and is 
round of particular value in the blast furnace. With a mixture 
of 45 per cent, of St'tffordahire slack and .55 per cent, of bitumi- 
Doos Welflh alack, the yield regularly obtuned in the first block 



of ovens at Woodaide, which is only 12 feet diameter, has amounted 
to from 55 to 60 per. cent of coke. With a mixture of 75 peri 
cent, of Slaffordshire slack and 25 per cent, of pitch, the yield'' 
has been from 50 to 53 per cent of coke. The fluctuations in the 
yield arise from the variations in the quality of slack obtained 
from different places, some requiring more bitumen to bind it 
together. Where the binding is not perfect, considerable waste 
ensues in drawing the coke. To correct this has been the object 
of some recent experiments, in which a mixture of 44 per cent, 
of Statfordshire slack with 44 per cent, of Welch slack and 12 per 
cent, of pitch haa been used, resulting in a regulaiyield of from 60 
to 65 per cent of coke. The best yields however, as may be sup^ 
posed, are obtained from coals which contain a sufficient propor ' 
tion of bitumen to secure binding withoat admixture : such ■ 
the bituminous or caking coals of Durham, Newcastle, and Southl 
Wales, from which reaulta ef 67^ to 70 per cent yield of cokA 
are uniformly obtained in these ovens. These results have 
been obtained from coals supplied from the Brithdir Colliery ia 
South Wales, Pease's West Golliery in Durham, and the Turs- 
dale Colliery in Durham. 

(To be evneluded m pw next.) 



RESISTANCE OF SQUARE BARS TO TORSION. 

TO THB IDITOK OF THS CITIl llOlilUa AUD AKCOITBCr'a lOCtOIAU 

Sni, — It is very deainible that the attention of writers on th»l 
strength of materials should be called to the theoretical investigarj 
tions of M. de St Venant, especially those on torsion, which w« 
published in the 'Memoires des Savans Etrangers,' vol. xiv.,~ 
about sir years ago, but appear to have been almost wholly over- 
looked, although some of their results are of much practical im- 
portance. 

According to the ordinary theory of the torsion of a straight uni- 
form bar, each originally plane section perpendicular to theaxis con- 
tinues to be plane and perpendicular to the axis when the bar is 
twisted. It is easy to see that this supposition is rigorously 
exact for a cylindiioU bar only; but it seems to have been gene- 
rally taken for granted that the errors to which it leads when 
applied to bars of other forms are unimportant in practice. M. de 
St Venant shows that they are of importance; and by a very 
skilful and laborious mathematical investigation he obtains ap- 
proximate formulae in which allowance is made for the effect of 
what he calls the "gauchiasement" (which may be translated 
the varping) of the originally plane cross-seclions of bars that are 
not cylindrical. He arrives at the i-esult, that the whole of the 
ordinary formulse relating to torsion are erroneous, except those 
for cylindrical bars. 

The moat important ctuw in practice to which the method of 
M. de 8t. Venant has been applied is that of a square bar, wrenched 
aannder by torsion. 

Let A denote the side of the bar; / the modulus of rapture by 
wrenching, or greatest intensity of the stress when the bar gives 
way; then the moment M of the force required to wrench asunder 
the bar is, 

According to the ordinary formula, M=*2357//**: 
According to the improved formula, M='281 //i'. 

ITl the redoclion of experiments on wrenching equal bars 
asunder, the following are the values of the modulus/: 

M 

According to the ordinary formula, /= ., 

M 
According to the improved formula, /= .^. ., 

To these may be added the corrCTponding formula for cylindri- 
cal bare, in which alone M. de St Yenaut makes no alteration, 



An easy test of the accuracy of the formulse for square bars is 
to try whether, when applied to experiments, they give valaee of 
/ agreeing, or nearly agreeing, with those deduced from experi- 
ments on round bara I have lately applied that teat to them by 
the aid of the experiments of Mr. George Rennie and Messrs. 
Bramah on square bars of cast-iron, aud Mr. Dunlop on round bars 
of the same metal, as quoted by Mr. Hodgkiuson in bis work on 
Cast-iron (articlea 201 \A•204■vttd\MaN%^,'w■\^2u^25i%V^«4^■\^!^^^ 
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(See &1bo, as to Mr. Dunlop's experiments, TredgoldoD Cast Iron, 
page 98.) 

MODDLOT or WkBVCKIKS, /. 

OrliDiiry formuU. M. dc St. V«a&at'i (unnBU, 
lb. on theaq. lo. S>. on the wq. in. 

Square Ban, 

Mean of Mr. Reunie'i experimente 32,227 27,070 

Mean of Messm. Bramah'^ eiperi- 
menU ... 37,747 28,640 

Ufiieral iii.'.iri ... 34,987 27,865 

Ciflindem. 
Mean of Mr. Ehmlop's experinicnt* 27,S34 27,534 

Difference 7,453 S21 

It ia obvious that the difference between the re.iults of experi- 
ments ou square and round bars, according to M, de St. Venant's 
formula, falls within the limits of the ordinary variations of es- 
periments on the strength of materials; which limits it greatly 
exceeds when the ordinary formula ia applied. — I am, &o. 

W. J. Macqcorn Raxkixe. 
Glasgow, 4th February, 1862. 



ON PHOTOGRAPHIC DISTORTION. 
By R n. Bow, C.E., Edinburgh. 
(C(mcludtd from pafie 6H.) 
Jv the case of a small body at the extremity of any radios, the 
per-centages of distortion of that body in the two directions — 
1st, of the radius, and 2iid, at right angles to the radius — will be 
in the proportion of n to 1, or nearly as 3 : 1 . For instance, ifa small 
circular body were situated at a distmce from the centre of the 
subject, then in the photographic picture the image of that body 
wi>uld show a compression in the radial direction about three 
times greater than in the lateral direction. This will be observed 
iu the case of the square noil eircnlur objects, ABCD becoming 
abed, shown in Fig. 3; but these objects are too large to give the 
proportions very correctly. 

Fro. 3. 
Diugravt of the distortion, produced bif a pla>%o- convex lent, vith a foeut 

eqtud to aho\U 3] time* iit diamtter. 
Ancile of incidence of extremu rayB=30', index of refraction trl "5, n=8. 
T'lje un Jiatorted image, dmwti according to the scale of the centre, is 
shown in broken line* ; tb*? distorted unagt; is shown in continnoiiB lines. 
The radial distortion at extrwmo circle = 30 per cent. Ditto meuund 
over whole of longest nuliii« = IO per cent. Tlie latend diatortion at 
extreme circle =10 per cent. 



It ia evident that for every lens there is a range in the ratio of 
diutorliou, dependent upon the value given lo DF, and varying 
from that borne by the tangents down to zero. The iulermediate 
ration re/juired for the comparisons in Table II. are obtained 
thus; — The length of any radius, Ff, of the image (see Fig. 2) is 
eqiuJ to L V+LT' x tan. of TLT. And when OA = 2, and R the 
radios of curv.atureof theleDa=:3, theamountof refraction by the 
second surface is so trifling that, though it is taken iulo account 
iu arriving at the inclination of LT, we may adopt this more coa- 
veoieDt formula for FT, — 

FT-KD+BF (tan, of inclinaUon of LT). 

The comparative results in Table II. are for the purpose of 
■howiug the power which one lens possesses to counteract the 
tendency to produce distortion in another placed i>n the other 
cide of the s-ime stop. And we see th.it when the amount of dis- 
tortion produced on the radius drawn to the extreme standard 




ray by one lens, at the distance DF measured — cay to the chart — 
ia equal to the amount produced by the other lens at the distance 
at which the plane of the copy is filaced, then the combination is 
almost perfect in its action upon the intermediate spaces also, and 
is sufficiently so for all practical purposes. 

Thus in Table II., Example 2, we see that, if we use the two 
lenses with the radii=3 and 4, and the object is at an infinite 
or say at a great distance in front of the 4 rad. one, the image 
will be free from distortion if made to fall on a screen placed 1 2*15 
behind the 3 rad. lens. 

If only the lens of radius = 3 were used, with the stop and flat 
side towards an object at any dittance, and the picture formed 
At S behind the lens, the principal radius would suffer a contrac- 
tion amounting to 7'676 per cent. : if formed at 10 behind, the 
same would bo distorted to an extent of 9'213 per cent. ; and if 
we supposed it to be formed at a very great distance behind the 
lens, the distorting contraction would amount to 11*523 per cent. 
Of course the pei*-c«ntage of radial contraction at the extremity of 
the radius would be n, or nearly three times the above. 

These results and the diagram, Fig. 3, will serve to convince as 
of the very great amount of distortion existing in photographs 
taken with plano-convex lenses; and I think It will be admitted 
that the amount of curvature in the lines gives us a very Inade- 
quate idea of the excessive amount of radial contraction which is 
produced in a body situated near the margin. 

We have shown that it is possible to correct the distorting 
tendency, but, to bring about the very nice arrangements required 
when the flatness of field Is brought Into the question, we confess 
that there appears little hoi)e of any universal instrumeot being 
constructed to suit for copying charts to any scale. The case No, 
1, in Table II, is given however to show that we are not called 
upon to change the value of R, the rad. of curvature, for every 
change of sc^e; for, by placing one lens nearer to the atop, we 
virtnaUy lengthen its focus, or rather diminish its distorting power 
compared with the other lens, and a considerable range of scale 
may thus be attempted. It is probable, however, that the various 
changes would become so ti-oublesome and complicated, that it 
would be better to construct a separate instiTiment for each par- 
ticular scale; and, before concluding, I have another arrangement 
to propose suitable when a separate instrument ia to be devoted 
to each particular scale — a combiu.ttion in which the correction of 
distortion is mathematically perfect, and the calculations very 
simple. 

One use to which the results In Table 11. may be turned is, to 
wai*n us of the imperfections of some arrangements put forth as 

f>rodudng pictures free from distortion. Thus, if wo take two 
enses, say each witli R-=:3, with the stop and negative arrange- 
ment exactly midway between them — which I believe correctly 
represents Mr. Sutton's symmetrical triplet — then, if the chart 
and the copy be on the same scale there will be no distortion, 
alnoe the distances are equal; but if the chart be at a very great 
distance, anil the image or copy at, say C, then the distortion on 
the longest radius will be equivalent to an increase from 0'884014 
to 0*92324, or about 4.438 j«r cent, on the radius, or a marginal 



radial distortion = 



76&7— 63S0 
63-20 



X 100 per cent. = 18*05 percent. 



Or, taking a less extreme case, let the respective distances of the 
copy and chart be 10 and 50; the extreme radii will be as 0*907673 
to 0-890314 

Per-oentagea of contraction on the radii = 9"2127 and 10*96SR. 

Per-centage of enlargement of radius of copy = 

0*907873— 0-890314 ,^ ,^^ 

XlOO = 1'97. 

0*890314 ^ 

Per-centiges of radial contraction at margin = 37'638 and 
32-!)06; diJToreuca = 5*268. 

Rmlial scales for margin — 72*362 and 67-094. 



Per-centage of marginal radial enlargement 



5*268 X 100 
67094 



= 7*84 



In proposing such a combination Mr. Sutton (see 'Photographic 
Journal, 1860, p. 68) takes for granted that, when the emitted 
rays are made parallel to the corresponding incident rays, there 
is no distortion. But this ignores altogether the efl'ect of the size 
of the lens, and is only true in the case of the lenses being ex- 
actly alike, when the scale of the copy is equal to the original, or 
when both chart and copy are at great distances from ^ leiiaes 
iu proportion to their common diameter. 
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mc boVb chabt coiTUfo hssa. 

Fig. «. 




The combin&tioQ which I propose for copying charts, &c. is as 
follows: — 

Sappoee that the copy ia to be in size — th of the original Then 

m 

1 make all the dimensions and distances of the parts on the chart d<><uqo« (»r«top 

^ truoi the leu, 

FlO. «. 



r»v*y 



ratios; bat I hope to arrive at a combination such as Fig. 5 (the 
lenses being stiU aimiliu'), which will give a flat field without the 
use of a negative lens at the stop. 

In arranging for a given number of scales it will not be neces- 
sary to use doable that number of lenses, as one lens may in turn 
be employed in combination with several of the others, of similar 
fvrma but of difiereut dimensions. 

T;iBLK II.— 0/ $eri4s of contraeted radii of tht inuxge prodiued b'j 
different lenta. 

Arrsaged to ihow the degree of accuracy with which the dJatortiona — at 
diffsrent distanoea from the centre of the picture produced by one lena 
— may be corrected by a second lena pLu^d at the other side of the 
•top, whan the dbtaacea of the object and picture, the f(.>ci of thcltinacH, 
and their duitance* from the ttop are all proprrl;/ rul/iuted. 

The iliiiineten of all the lenses ore taken=2. and all nre plano-convex. 
The usual diiitance of the atop fT\>iu the flat side of the iene= 1-732051, 
(It «uch that the extreme ray pa««ing tLnmgh the stop is inollned at 
30". The index of refraction = 1-5. 





side of the stop equal to m times the correspon<lin>; dimensions 
and distances on the copy aide of the stop. Thus in Fig, 4 we have 

pf =: — PQ, Fo = m.o/, AB^m. ab, Bad. of loos D = m . rad. 
in 

of Isns rf, Do = m . o<f. 

The introduction of a negative lens at will not affect these 
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* No oontnclloo. 

1 Tbe nj* croa tUi lem at onl/ lulf tlu diitanoe* Ifna its oeatre) of heads of o(kb. 



ON BENSON'S HIGH PRESSURE STEAM BOILER.* 

By JoHK Jakes Busseli.. 

(With an Enffntving.) 

Thk boiler forming the subject of this paper is the invention ing, and taking out the tabes. 
of Mr. Murtiu Benson, of Cincinnati, U.S., where it has been 
in operation from three to four years, and about fifty of them are 
ia oae for various purposes. 

A boiler of this construction having since been erected at my 
vorks at Wednesbury, and having now worked satisfactorily for 
tta monthis the farther results are given in the present paper. 
This boiler has been in constant work during the whole of the 
time with entire success, driving an engine of 60 jndicatiid horse 
powier; and the writer has been so thoroughly satisfied with the 
residts ."ind the correctness of the principle upon which the boiler 
is constructed, that ho has since erected a second and larger one 
upon the same plan, but with some improvements in tbe details 
of construction, results of experience aerived from the former 
boiler. This boiler is now at work on the same premises, and is 
shown in Figs. 1, 2, and 3, Plate 6. Pig. 1 is a front elevation, 
showing the receiver and circulating pump; Fig. 2 is a longitu- 
dinal section of the boiler, and Fig. 3 a transverse section at right 
angles to Fig. 2. 

The boiler proper is composed entirely of tubes A, Fig. S, 
artangnd ia a series of horizontal rows over the lire. BB are 
loorwaya at tbe front and bock of the boiler, for fixing, disconnect- 



* aead kt tbo lasUMtion of Meduaioal Safiiietn. 



C, Fig. 1, is the water and steam 
receiver; D the circulating pump, which draws its supply of 
water from the receiver C, and ia worked by the .small donkey 
engfne E, above. F ia the main supply pipe from the circulating 
pump, to which the lowest tubes of each section of the boiler are 
connected. O is the main delivery pipe, to which the top tubes 
of each section are joined, and into which the water and steam 
together are delivered from tbe tubes, and thence discharged into 
the upper part of the receiver C. 

The circulating pomp D is shown euLirged in Fig. 8, and ia a 
simple diiect-acting pump, with a metallic packetl piston, oon- 
structed with a single slide valve H, instead of saction and 
delivery valves, so that it is certain and constant in its action; 
the slide valve is made without any lap or lead, and thus agrees 
exactly with tbe motion of the piston. The pump draws its supply 
of water from the receiver through the ordinary exhaust port I, 
running round the cylinder, and discharges it by the outlet pipe 
K, forcing it into the tubes through the pipe F, Fig. 1. Tno 
stoam generated in the tubes is driven up with the water through 
the tubes, and discharged through the pipe G into the receiver C, 
where the steam and water are sepamted; and the water is theti 
again taken by tbe circulating pump and returned into the tubes. 
In starting tne boiler the receiver is supplied with water until 
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ila level rencbes the fifth or sixth row of tubes from the bottom, 
as showu by the dotted line iu Fig. 1; aa the circulating pump is 
standiDg etill at first, in couaequeoce of having uo steAin to work 
it, the slide valve H, Fig. 8, i» allowed to be lifted off ita face hy 
the pressure of ibe water, and lata tlits water flow past the pump 
direct through into the tubraa. The fire is then lighted, aud ateani 
raised from the water iu the tubes, which starts the oirouUtiug 
pump to work. 

More water ia forced through the tubes by the circulating 

Eump than is evaporated iu them. The circulating pump of the 
oiler, now uaed for ten months, is double-acting, 6 inches in 
diameter, with 9 inches stroke, and makes 40 revolutions per 
minute, against a resistance of from 7 to 10 lb. pressure per square 
Inch; the power required to work it is therefore about ^-hnrs© 
jOTwer, including the friction of the pump. At this speed it 
ibrcea through the boiler from 9 to 11 times as much water as is 
erapontced, which has been found too much to get the greatest 
efficiency of the boiler; and from 6 to 8 times the quantity evapo- 
rated ia considered about the proper proportion. In thia instance, 
owing to the construction of the donkey engine, the pump cannot 
be worked at leas than 40 revohitious per minute, at which speed 
it is fully capable of supplying a lOO-horse-power boiler at onli- 
uary working pressures, instead of one of only GO-horae power. 
With high-pressure steam superheated and worked expansively, 
Uie pump is large enough for a 150 horse-power boiler, in which 
cose ^rd percent,, or ^Jirith of the whole power produced, is all 
that ia requireil for working the circulating pump; aud with the 
improved circular beads that have now been adopted for uuitiug 
the ends of the tubes in the boiler, there is i-ejison to expect the 
circulation can be maintained with much less power. No more 
power ia required to work the pump with 80 aud 100 lb. steam 
than with ^0 lb., since the pressure is the same on both aides of 
the piston, and the only resistance to be overcome is the friction 
of the water in the tubes, which of course is increased in pro- 
portion to tlie speed; with the boiler now at work the resistance 
on the piston at the pr6per speed does not exceed 7 to 10 lb. per 
square inch. Originally the delivery pipe G, Fig. 2, into which 
the steam and water from the tubes are discharged, was only 
a inches diameter inside, which was found too small ; in the 
present boiler it has been made 10 inches diameter. The receiver 
C ia supplied with feed water by one of Gitfard's iujectora, L, 
Fig. 1, instead of an ordina»y feed pump. 

It waa originally supposed that the mechanical circulation of 
the water, with 9 to 1 1 times more \vater foi'ced through the 
tubes than is evaporated, would be sufficient to prevent deposit, 
by keeping them washed out clean ; and this is the case to a 
certain extent, as all loose matter is washed by the circulation 
from the tubes into the receiver. Some incrustation however 
does take place, but not sufhcient to present any practical difli- 
cnlty or cause any damage to the tubes. One of the tubes from 
the first boiler is exhibited as a specimen, showing the amount of 
deposit that has been funued daring the ten months it has been 
in use. The deposit is greatest in the lower tubes of the boiler, 
and decreases in the upper rows: practically it ia prevented from 
accumulating so thick as to cause the tubes to be injured by the 
heat, since it becomes cracked and loosened fi-oni the tubes by 
their alternate expansion and contraction under the varying 
temperature of the tire. At times also nearly all the water is 
worked out of the tubes, so aa to let them get quite hot, but not 
Lot enough to cause injun* by overheating; and when the deposit 
is thus loosened in the lubes, it is washed out into the receiver 
by the circulation of the water. The dirt and acale are cleared 
out of the receiver by a blow-off cock, which is opened for blowing 
off two or three times a day. It takes about a quart«r of a minute 
to free the blow-off cock from the deposit lodged iu the receiver 
before a full body of water issues from it. Pieces of deposit are 
blown off which have a circular form, showing that they have 
been forme*! in the tubes, aud then scaled off and washed into 
the i"eceiver. The semicircular form of the bends uniting the 
ends of the tubes prevents any incrustation lodging in them, by 
giving an uoobstructed passage. 

The mode of uniting the tubes together in the former boilers 
of thia construction was with right and left handed screws cut on 
the ends of the tubes and Bcrewe<l into the bends : but this make 
required an entire section of the boiler to be taken out when a 
new tube had to be put in; aud with large boilers this is too 
much trouble, owiny; to weight, ditUcuity of haudliug, and the 
impossibility of unscrewing many of the tubes iu the bends after 
eAt?r li^va oacebeeu screwed up and put to work. To meet these 



difficulties a new form of bend has been made in the present 
boiler, which admits of any one of tlie tubes in any part of the 
boiler being taken out, without removing that section of the 
boiler or interfering with any other joints than those of the tube 
to be removed. Figs. 4, 5, and 7, show enlarged views of the 
improved bends as fixed in the boiler. Instead of screwing the 
enijs of the tubes, they are made with collars of suitable size 
welded on, and the ends of the bends are recessed out to receive 
them : the bends are brought up tight agaiost the collars on 
the tubes by the centre screw oolt M, Fig. 7, which passes 
through a hole in the bend in line with the centres of the two 
tubes, and is screwed into the crossbar N, bearing against the 
outside face of the collars. The passage through the bend ia 
made on one aide of the fixing bolt, to prevent it from obstructing 
the flow of steam aud water. By this plan any of the bends 
can be taken off through the doorways at the front and bock of 
the boiler, aud any tube can be taken out and replaced. The 
ends of the tubes are passed through the end bearing plates PP, 
Figs. 4 and 5, which serve also as shield plates to protect the 
cast-iron bends from the heat of the fire; these plates rest oa 
the walls of the furnace, or are suapended at the top from the 
girders Q, aa in Fig. 2. Fig. 6 shows the mode of joining the 
tubes to the main supply and delivery pipes, which ia done ia 
a similar manner by collars upon the ends of the tubes fitting 
into recesses in the main pipes, and held ap tight by a crossbar 
N aud stud bolt. By having valves for cutting off the cumma- 
uication between the receiver aud tubes, the steam and water 
can be retained ia the receiver during the time of removing a 
tube; and when distilled water from a surface condenser is uaed 
in the boiler, the water can by this means be saved, if a tube 
should burst, and shut off from the boiler while the repairs 
are done. 
The special advantage of this boiler is that steam of high 

{treasure ia generated in it with greater safety than steam of 
aw pressure in ordinary boilers. Its construction insures almost 
perfect safety; for the receiver C, Fig. 1, the only portion con- 
taining any quantity of steam and water capible of causing 
damage by explosion, ia of the strongest form fur resisting pres- 
sure, of simple construction, aud removed from the action of 
the fire, ao that it is entirely free from the injurious effects of 
overheating and the altorationa of expansion and controclioo, 
which are considered to be the cause of so many injuries and 
explosions of ordinary boilers. The only portion of the boiler 
exposed to the fire is the tubes, which are of such small capacity 
that their explosion is in^iapable of doing any damage, and caa 
only cause the fire to he put out by the water escaping from 
them. Thia has been confirmed by the experience with the 
boiler at the writer'a works, where a tube has burst on more than 
one occasion, whilst the boiler and engine were at work; and the 
etl'eot was so small, that the accident was not immediately per- 
ceived, until shown by the loss of steam pressure, the steam and 
water blowing out upon the fire through the leak in the split tube 
and putting it out. The advantages of high-presaure steam are 
now generally recogoised; but a much higher pressure than caa 
be obtained in ordinary boilers and superheating of the steam 
are required to develop these advantages fully, by cutting ofl' the 
steam earlier with a higher degree of expansion. The economy 
of expansion is now limited by the weakness of boilers in gene- 
ral use; and a large increase of economy may be obtained if 
much higher pressures can be safely used. 

(To It conditded in owr next.) 



BEVIEWS. 



Thf Cathedrals of the United Kingdom; and. The Minstert and 
Abbey Rnim of the United Kingdon. By Mackemzie Walc-ott, 
M.A. — Loudon : Stanford, Charing-cross. [Second notice.] 
We return to our notice of this book, which aa therein stated 
want of spice prevented completion at the time. 

Apart from the matter of the heraldry, iu which &s previously 
stated there is occasionally confusion, as is shown iu the reference 
to the arms of Worcester, mentioned oa page 8 of the iuti oduc- 
tion and page 271,whiph concludes the description of Worcester 
Cathedral — where in the first case the arma of^ the see are stated 
to be ten hosts, and in the latter ten torteauzes — the observa- 
tions and descriptions of Mr. Walcot are generally correct and 
very instructive. They embrace all the main points of intei«st 
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inih ' ■ an<i ar-eliitectural, in relation to our cathedrals, 

tiuil -nveyeil in a t«rse yet auffidently comprcliensive 

fthnpc ii. vjiiil this, they contjiin notices of niuny other objects 
of attraction, both in the cathedral cities tlteni'^elves »nd in their 
fMumtlTti neighbourhoods: so that hia book is, to aome extent, a 
Jl^Stiil ff^ULb to the antiquities of their luctility. 

Some of tlie introductory remarks of Mr. Waleott are worthy 
of pM'dcular attention. Speaking of C'hriHtian architecture, and 
its expreaaion as evidenced in catliedntl structurea, he sjiya, " A 
eathearal ' is a mighty maze, yet not wiihnut a plan; ' it is the 
emboilied idea of the 'Spiritual house built of living atones"* 
{1 Pleter, iL 5.)'> <ind further on he adds, " the visible expreuioa 
of abstract ideas : in every part the ingenious buildera contrived 
to embody a suggestive symbolisni, with n hi^'h dovntionnl 
aenthneDtaod great poetic beauty, even as the Temple of Jeruaa- 
lefT) served aa an example and shadow of heavenly things and a 
^tattem of things in heaven" (Heb. viii. 5. ; ix. 1, 23.) 

lu relation to this symbolism he observes, "The prominent 
principle is triplicity; thus a church contains in length — 1, choir, 
2, transept, 3, nave; in breadth — 1, mid alley, 2, north, and 3, south 
aiales; and in height — 1, base tier, 2, triforium, 3, clerestory." 

\ 1 ,, contiunes, "The church points to the east, as to the 

\tivity, sacrifice, and the second coming of the Itedeenaer; 
...V ... . ,ind last object in the mind and he.trt of a ransomed 
world. It was placed on an elevated site, or removed from com- 
mon buildings and open to the light, emblematically of itsdestina- 
tion, a place consecrated to the Most High for intercession 
between earth and heaven. The porch, nave, choir, and aanc^ 
tuary, represented severally the penitent, christian, saintly, and 
heavenly life. The entrance door, with its imagery of saint*, 
signified Paradise; the stone screen before the choir, the portals 
of glory, thrpugh the power of the cross which was elevated upon 
it; the cryjiti the moral death of man; the cruciform shape, 
the atonement. The apse indicate*! the place where the 
Bedeemer's head was laid; the gi'eat transept, where his arms 
were laid; the choir transept, the scroll of the cross; the radiating 
eastern chapels, were the rays of the aureole about his head : 
hence we speak of the head, arms, and body of a church. By the 
cock upon the spire, the liebolder was reminded of St. Peter; 
how, when apostles ceased to pray, they fell." 

Mr. Walcott is disposed, in common with others equally enthu- 
aiastic on the subject, to carry this reference to symbolic intention 
to the still greater length of affecting every moulding and orna- 
ment Referring to the cable, chain, saw-tooth, lion head, and 
the faces and beaks of monsters seen in early decomtion, as the 
memorials of the martyrs and their instruments of suifering, he 
■ayn, " It was only when the church had peace, that she ex- 
changed thofe symbols for the flowers, the foliage, and palm leaf 
of the succeeding styles,'* It is questionable, however, how far 
this dictum can be so extensively atiroilted. 

Kecarriug to that which is leas hypothetical, we find an interest- 
ing notice of the peculiar characteristics of the cathedrals at 
page 4, which we quote in full. 

** Tbei* are three towers and spires at Lichfield ; three towers at 

Ceaterbury, York, Lincoln. Ehirhain, and Kipon. Saliabtiry, Norwich, 

Cbichc«ter, and Oxford have spires. There ia no cloiiiter at York, 

Wiiuth enter, Peterborough, Ripon, Rochester, Exeter, Ely, Lichfield, 

St. David's, Carli»lc, Ripon, Maocfaester, or the Welsh cathedrals. 

Ban^iT. MiuichesWr, oud Ely, have each a single western tower. Ely 

At.. I I'. -. I'lxirough have central lanterns. Exetor ban tranxcptol towen, 

lUy, and Peterborough, have wt'jitem transepts. There are 

I i.u»ept« at Canterbury, Bristol, Norwich, St. Asaph, Bangor, 

Cttiiaki, Winchester,. Worcester, and GloucenttT. LLandnff and Man- 

felkester are not crucifonn. Norwich and Peterborough end in apses. 

I Tbera are western screen* at Salisbury, Lincobt, Petorborougli, and 

I Exeter. There ia an eastern screen at Durham. York, Roliiibury, 

■ler, Hereford, Wells, and Worcester have a choir transept. 

Ely, and Durliain have gaiilees. The doister is on the nortli 

tal Lincoln, Canterbury. Chester, and Gloucester. Wells, Chester, 

Chichoster pussees only three alleys ; Hereford and Oxford two. 

Bswnr. .St Asapii, and Carlisle have no Lady chapel; at Rochester it is 

ah side of the nave, on the north aide of the choir at Ely and 

. ; at the west end at Durham: at the east end at Peterborough. 

li «. . -n h-i'.-ht (o the clintr at Lichfield. At Bristol all the aisles 

ar« t(f :•.. - .:i;. I vlit- Ll.ind.'iff had only two western towers. Chi- 

dkesUr aii'i MifM fi, ^ti^r have aiJditional aisles to the nave; Oxford to the 

eboir, C.:UiclKs»ler retains a det«»ched boU-tower. At Wells, (Tlonceater, 

bmI York, the chapterhouse is on the north aide. Canterbury has a 

riredar chapel at this east end. There are crypts at Canterbury, York, 

Windiester, Boobeslwr, Wodoester, Hereford, Glonoester, and Kipon." 



The cla-ssifi cation of the cathedrals given at page 9 is also 
worthy of particular observation, as a catalogue distinguishing 
the ctithedrals of the old foundations from the conventual 
establishments of corresponding character, and those of the later 
institution by Henry VllI. 

Taking the English cathedrals first in order, Mr. Walcott next 

Eroc*>ed3 to like notices of those of Ireland and Scotland, each 
eing preceded, as in the case of the English, by some very useful 
observations on the general architecture of each country in the 
way of introduction. Those relating to the Irish churches are 
particularly interesting, an<l we therefore give ihera extenso. 
Commencing with the several periods of Irish architecture, Mr, 
Walcott divides the same as follows : — 

"I. Native or Celtio style, much anterior to the incureions of the 
Danes or the Nnrman Coni{ue8t : — Churehes of small size, like a Roman 
basilica ehom nf its spsi>; rode inft*«iv« buildings oblong in plan, with 
triangular- headed auiall windows ;p%Tanuda}-shaped doors, and Cyolopean 
or Pelasgic masonry. This and the following style occupied the interval 
liftween the fiftl) and siicth oentiuHes, and the year 117*3. The early 
Scottish, Anglo-Saxon, and French churches of the sixth cent-ir" v>- -M 
parallelogramd. It is reiuarkablo that the Greek oblong t' 
jK>ii©il of A nave and shrine, like the Temple of .Tej-usaleoi, alf" 
of oracle and nave, 1 1 6 ft. 3 in. by 37 ft. 6 in., and S8 ft. 1 4 in. in Leighi, 
were both derived from an Eg;)-ptian original, The archite<;t of the tem- 
ple on Zion waa of Tyre, a Phcnnician colony; and whde the legend of 
Cfuliiiits, a Phoenician and the civUiser of Greece, denotes a C(irrc«- 
pomlpnce between those countries, the commerce of Tyre with the western 
isles is boldly agscrtecl by many writers. These early churches, rather 
oratories than capable of h(d<ling a congrogation, range from '.40 feet U> 
60 fe«t in lengtli; they are aisleless, rectangular, have no apse, and are 
never found in a circular form; sometime they are provided with a small 
chancel, and occur in groups, On Mount Athna, inother parts of Greece, 
and in Asia Miuur, churcltes were usually built in groups of seven, in 
remembrance of the seven cburche« of the Apocalypse. 1 be round tmoeri 
are uf tluH period, which hiBted till tlte 11th oeutury, but are coulinued 
until the l;ith century. Their form was adopted in couBequonce of the 
difficulty of obtaining cut limestone for the comers. Their purposes were 
varioufl; they have been variously represented as serving for a belfry, a 
beacon, a treMury, and a retreat for the priests. In the 14th and 15th 
centuries, they were replaced by tall narrow 8<{aare central towers. In 
the earlier towen the parapet is plain, with a range of holes instead of 
gurgoyles for letting off the water: in later bidldings there are stepped 
battletnents resting on corbels. 

The Sainta" hotua, the beehive houses of Cfmnemara, and the oratory 
of Gallerus, are of " C!yolopean masonry," built of masses of rrv:k, and 
vaulted with stone roofs; but the hitter arc of a later date, and are pro- 
vided with chamliera. In St. Keviti's, Glendalough, the lower structure 
is of the 7th century. The up[jer tunnel vault was pn>vidcd with rilw. 
on which were laid the horizonUii courses of the outer roof, which was 
built op straight to throw off the rain; this plan was also adapted in 
Connack's chapel, Ca,ihel, built 1127-34. The vault, upper chamber, 
and belfry are of the 1 2th century. 

The cathedral of Glendalough is ftdl of interest as one of the earliest 
Irish structures. The ea«t window and south door, however, are of the 
beginning nf the ISlh century. In the succeedinij style nf native archi- 
tecture, tlie PHif became flattened, chevron mouhlin^'s were intriKlucetl, 
the arches received seniicircular beads in place of triangular pediments 
nr square lintels; windows b«x:ame larger, and chamfered headings ran 
round the inner arch, and the maaoiiry was inferior. The ^leculiar caim- 
Uke shaped door, formed of three stones, two jambs eluniikg upward 
towards a horiznutnl lintel, lasted throughout the various styles, and took 
its origin, Uke the round tower and Cyclopean ma»onry, in the stublx>m 
nature of tlie building material. Within the imle the I?ngliah Lntrtiduced 
the Esrly En^.'lii'h, after the Norman style. But the early architeotni'e 
of the Isles., .Vorthunibria and North W ales, bore a great resemblance Ut 
each other. Dubbn appears to have been the architectural school of 
North Wales later. 

II. Norman and Ostmen's style:— remarkable for the absenoe of 
enrichment, and frequently of aisles, and the presence of continental 
featureo, Mxi lasting longer in Ireland than m any otlier country'. >St. 
Bernard tells us, that when St. Malachy (O'Magair, bishop of Coimoi', 
11'24>, in the 12th cvntury, replaced a woinlen stnicttue in Ulster by a 
church of stone, the Irish probesteil af,'ainst it as a Norman and extrava- 
gant innovation. The biKhnp, however, mcrely^ introduced the utte of 
hewn, in place of rough iit^)ue, and of mortar instead of mud. The early 
Irish churches were of timber. 

III. The Lancet:— found mostly on the eastern side of the island, 
having been intruduced by the English, though on the western side it 
seems to have been a native discovery, or a developed or Transitional 
Norman style. At Kiloonnel a smaU cloister, 48 ft. square, reeeaibli-* 
cloisters in i^paia and Sicily. 

IV. The Later Pointed — has many continental fsatnres. 

The chnrcbes and monasteries were fortified, and rooms budt aliovr 
the vaulting and in the roofs. At Caahel Cathedral, of the IStb century. 
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the CMtle forms the west end of the building, aad paaaixgot communicate 
from it with the vaulting mad the central tower. Holy Crusa. on the 
rowl to Thurlei, wu at once castle and minster. A siiiiilar conibinAtion 
of a baronial and eoelBiiastioal structnre is found in St. Mary's Abliej, 
Croasra^uel, in Scotland, where a roa^h square tower immediately 
Ijoins aome verv delicate architecture. The l«Baer oathedrals commonly 
to be of the I'ith or 18th century." 

The church architecture of Scotland, observing that the earliest 
churche.<4 " were probably conBtracted of wicker work," Mr. Wal- 
cott divides into four great pcrio<l«, -which he says were distinctively 
marked. " The first has many features in common with Ireland; 
for instance, it« round towers, sculptured crosses and tombstones, 
with the small size, and the combination of buildings in one 
inolosure. Brechin, Abernethy, and lona, offer the most remark- 
able specimens. At lona, there is a priest's chamber over the 
aisle, a common feature in early Irish ai*chitecture." 

The s'^coud period, our author says, " Has at an early age — the 
twelfth century — a Norwegian character." Later the influence of 
England continued to prevail (dating from 1070 to 1371), as it did 
" in ecclesiastical synod, constitution, and liturgy." Subsequently 
to the latter date here mentioned, a cuntinontal character appears. 
Mr. Wnlcott eaunierat«s several examples of either phase, and 
enters with considerable ability into a brief notice of the prevailing 
charactcrintics exhibited iu each — both oa regards detail and 
general construction. 

A large amount of very useful information is thrown together 
in Mr. Walcoti's book, and in a manner by which the acquisition 
of it is attained without extranef»U8 trouble. It is in this reaf>ect 
a very satisfactory addition to the architectural notices of our 
cathedrals. 

The ' Minsters and Abbey Ruins' Mr. Waloott deals with after 
the same fashion as that ado])ted in the Cathedrals, the salient 
points in each case are embraced, and all unnecessary verbosity 
avoided. He indulges by way of .idditiou, occasionally, it is true, 
in the introduction of the legendary with the historical in some 
of these instances, but this iy much to the advantage of hia 
notices in a popular point of view, for most of as yet feel interest 
io the tales and traditions aa well aa the absolute facta of the 
past. It in to be regretted however that inaccuracies in respect 
to the heraldry, and a similar hun-ied compilation, are exhibited 
here as in the Cathedrals: the former is in many cases incorrectly 
given. The arms of St. Albau's, for example, are blazoned as 
Azure, a cros* mdtire, Argent; instead of Azure, a cross, Or, 
And as respects the latter the wording ia sometimes very loose. 
For instance, speaking of Malmeabury Abbey, our author says, 
the Norman south porch " has a door 19 feet square." The outer 
porch again he describes as " iS feet by 20 feet and 11 feet deep, 
and the inner porch, 17 feet by 12 feet and IC feet in depth." 
What is to be understood by a S'orman door 19 feet square / and 
does the 18 feet and 17 feet, by 20 feet and 12 feet respectively, 
refer to width and height, seeing that the 11 feet and 16 feet 
respectively refer to depth 1 The horizontal anperlicea on plan 
caa only be architecturally described by reference to the latter 
in connection with breadth; to what then does the intermediate 
dimension relate ? Typographical and descriptive errors also 
occur: at page 42, Simon, Earl of iMcetter, iutentled to be re- 
fori-od to, is called Earl of Lanaitter; at page 137, "the stone 
vaulting of St. George's teindow,^ ehunUl be St George's, Win<lsor. 
As to description, that of Doncaster Church, at pnge 172, ia in 
many particulars incorrect. In that of Malveni Abbey, again, 
it is said, "the refectory is now a barn." This has been removed 
now some years. Tliese are matters which should be corrected as 
opportunity may occur, and which we have little doubt, from the 
great general interest and value of the work, will be given. 



A Manual of CMl Enginetring. By W. J. M.icquokm Rakkink, 
C.E., LUli., F.R.S., &c. I/rmdon :' Griffin, Bohu and Co. lSfi2. 
Prof Raukine's name ia so well known in questions of engi- 
neering Science, that this new production of his pen can hardly 
fail of meeting with m favourable reception. The volume consists 
of 780 pages, ia illustrated with numerous diagrania, aud contains 
several tables. "The work," to quote the author's preface, "is 
divided into three parts, the first relates to those branches of the 
operations of engineering which depend on geometrical principles 
alone, that ia to aav, Sttrtfeying, LewUing, and the Setting out of 
works, comprehended under the general name of Engineering 
Geodesy, or Field Work The seoonJ part relates to the properties 
of tlie Matffriul* used in engineering works, such as earth, stone, 



timber, and iron; and the art of forming them into Straetura of 
diSerent kiuda, such as excavations, embankments, bridges, &c. 
The third part, under the head of Combined Structure*, sets forth 
the principles according to which the structures described in the 
second part are combined into extensive works of engineerings 
such aa Roads, Railways, River Improvements, Water Works, 
Canals, Sea Defences, Harbours, &c. 

We have not space in our present number to do more than sim- 
ply record the appearance oi the Manual, reserving for au early 
occaaion the more extended notice of its contents. Without a fuU 
and careful exanunation, it would be impossiblo to do justice to a 
work comprising so much origin.il research as well aa compre- 
hensive study. In turning over the pages we find them to con- 
tain a large amount of instructive matter, very clearly arranged, 
and put into a shape readily available both to scientific and 
practical students. 

Examples of BuHding Comtruclion. Nos. 58 to 66 (elephant 

sheets). Lon<lon : J. R. Jobbins. 
The pArts under notice fully sustain the reputation this work 
achieved during the issue of the first two volumes; the third 
volume Is completed, and the fourth is progressing in a way that 
must greafly conduce to its value. The plates are well chonen 
and of practical utility. They embrace among others consti-uc- 
tional working drawings from many important buildings recently 
erected by Messrs. Prichard and Seddon, R. P. Pope, R. Brandon, 
Messrs. Burnell, R.J. Withers, Messrs. Willaon and Nicholl, &c.| 
which may be considered as a guarantee that there is much iu 
them th.it may be advantageously studied. The plates of the 
porches of Maindee church, and Archbishop Holgate's Hospital, 
will bear inveatigatiou, and the staircases and screens from the 
latt4>r building by R. P. Pope, in Nos. 62, 63, and 64, are designed 
with considerable cha&teness and simplicity. Som<' effective 
gates by the same architect, are given in No. 65, — and the iron 
gates in No. 66, by Messrs Willson and Nicholl, to the New 
Cemetery at Low Leyton, are bold and appropriate, and evince 
great ingenuity io their design. The separate staircases in St. 
James' Schools, Marylebone, by the same architects, are excel- 
lently arranged, and carry out admirably their avowed intention 
of giving separate entrances for the boys and girls, and with gieat 
economy of space. We heartily reconaniend the work as au ad- 
junct to the office of every architect and builder, who will find its 
contents very valuable aa affording examples of every variety of 
detail connected with building ooustructiuu. 



jrOTES OP THE MONTH. 

New School Buildings at Eton College. — <ireat inconvenience 
having arisen from the insufficiency of school accommodation at 
Eton, a plan has been prepared by Mr. Henry Woodyer, architect, 
for new schoolrooms in accordance with the style of the other 
college building.s, which, as they will occupy a central position, 
are calculated to present a very l)eantiful and imposing appear- 
ance. The building will consist of two wings, in the angle of 
which vrill rise a tower, which will be seen throughont the main 
street of the college. The new building will supply thirteen 
additional schoolrooms, for the use of the boys, at the cost of 
i;i0,000; the college having also undertaken to rebuild Mr. 
Waytes' house, at a further exjwnse of ^6000. The greater part 
of the sum required for the schools has already been subserioed. 
Her Majesty has subscribed £'100, aud his late Royal Highness 
the Prince Consort .£50, Messrs. L.%wreuce, Brothers, of Wal- 
tham St Lawrence, Berks, are the buitdera 

Imptorementt in Rio Janeiro. — A prospectus has been issued of 
the Rio lie Janeiro City Improvemeuta Company, with a capital 
of i,'.^.')(),CKX1, in shares of £-2^ each. The company have a con- 
cession from the Br;iisiliau cfoverutuent for draining the city of 
Rio de Janeiro on plana of Mr. Gotto, approved on behalf of the 
Bi-azilian Goveriimeul by t!ie Lite Sir W. Cubitt, Mr. Robert 
Steplieuaon, M.P., and Mr. Reudel, and which stipulates au 
annual payment to be made direct by the imperial government 
to the company of £Q 6s. per house. An absolute contract for 
tlie work and its subsequent maintenance has been enteretl into 
by Messrs. Bnwsey and Co., on terms which, after providing for 
7 per cent, interest during construction, will leave a permanent 
wet divisible profit to the ahaieholders of 8j per cent 
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South Kentington Muteum. — ^The plans of Cnpt, Fowke for the 
Gre«l Museam at South Kensington are estimated at 214,000/.; 
piurt of which has been already expended. Of the need of sncb a 
DQi]diBg, it is only required to state that the Art-Museam is ob- 
bvintng objects, many of them inestimable treasures, at an average 
rate, including prints and drawings, of 1,500 each year, and has 
the loan of more than a thoasnnd articles; amongst which have 
heco, quite recflutly, the Devonshire gems and Magniac enamels. 
The Archit^'CtDral Museum alone contains 5,<Hi() cauls of the finest 
examples of the art, and is worth 3,(>J0/, At Thames iBank there 
ia stowed away a magnidceut collection of casts from mediffival 
•calptare &nd ornament, made by Sir C. Barry for use as models 
for the Hooaej of Parliament decorations; 500/a year rent is paid 
for dtowige. The whole cost about 7,000/. More than one pri- 
Tmte collection of fine pictures is promised ati soon as the natioo 
nutkes decent provision for the gift. Some day or other the 
8o*ne Mnseum, so ludicrously man.aged now, that each visitor 
cnstB from 5#. to 7s. for his entry — must come hither; some of the 
Tni8t«ea are it is said absenting Ui this matter. At present the 
schools of the department are of wood, exposed to fire risks. 
The Female School is moat unsuitably housed; and its officers 
located iu tumble-down houses. The Male Schools are iu constant 
d&uger from lire; and the iron " boiler" building (although well 
euough adapited for the display of casts and architectural models, 
or coarse materials such as could be replaced or would take little 
hart from the drip through its roof) being supported on cant-irou 
shafts, might, as the experience of the recent fire in Southwark 
proved, come down, as Braidwood described it, " like a diah-cover" 
immediately on water being applied to the shafts heated by fii-e. 

New Westminster Bridge, — It ta expected by Mr. Page, the 
engineer, that the whole roadway of the new bridge at West- 
minister will be finished in May next. The last vestiges of the 
old structure have now been dredged out, and all the archea of 
the remaining half, save the fifth and sixth, are completed. The 
two latter will have their crowns of wroaght-iron girders bolted 
in in a few days, and as fast oa each is placed the buckle plates 
for the roadway will go down. Over these plates comes a packing 
of blocks of pine wood and asphalte, and over all the stone pitcli- 
ing pavement of the road. Up to the present the eastern half 
haa been entirely disconnected from that which is finished. It 
is now being joined by a number of short cross girders or stay 
meoes of cast iron, and over tltesc, as soon as the timber scaffold- 
ing is removed, the plates and roadway will be laid, so aa to form 
one complete structure of the two halves. When the two are 
connected into one rigid mass, it is expected that the vibration 
now experienced on the western and smaller half will entirely 
disappear. Before the bridge can be opened, however, the half 
that is now finishing and closed must be entirely complete. A 
very broad foot pavement will be laid down with small handsome 
terra-cotta tiles, crossbarred in contrary directions, to give firm 
foothold, and these are to be edired in with a kerb of red granite. 
These terra-cotta tiles are coming much into use. It is stated, 
as the result of experience, that they are better, drier, more easily 
repaired, and more ilurable for passenger traffic than granite 
itself It has been decided to place the tramways for heavy 
traffic to and fro iu the centre of the bridge, leaving two road- 
ways of 20 feet wide on each side for the lighter vehicles. The 
side next the Houses of Parliament is completely finishe«l, except 
■nme ornamental shields, that cau be bolted into the Gothic 
qoatrefoU apaudrila of the arches at any moment From this 
point, therefore, the effect of the whole stnicture can well be 
jodged. The couveulioual street lamp-post will not intrude upon 
tbis thoroughfare, as handsome lam|)s and posts of cast-iron have 
been designed, in keeping with the main architectural features 
of the rest of the work, and all the iron portions of it are to be 
painted of a pale neutral tint, excepting only the ornamental 
shields before spoken of, which will be emblazoned with the arms 
of England and Westmiuatcr, in gold and enduring colours. 
Since the western half lias been opened for traffic not the slightest 
sinking of the piers has taken place. When the entire bridge is 
finished there will be two footways of I.t feet wide each, two 
tnunwaya in the centre of 7 feet 6 inches wide, and two roadways 
for the light traffic of 20 feet each. The extreme width of Lon- 
don-bridge is only 56 feet from parapet to parapet, or exactly the 
space of the roailway of the new bridge exclusive of footpaths. 
When all is complete, the bed of the river is to be dredged out of 
nibbiKJi, &c, some 10 or 12 feet below its present level beneath 
the new arches. Iu a mouth or two more, for the first time 
within the last twenty years, the tide will flow unimpeded up 
and down the Thames. 



Remaitu from ITalicarnastut. — Amoog the remains brought 
from Halicarnasaas is an alabaster scent-vase, eleven inches high, 
having upon it the name of Xerxes in two languages— -one £gy|>- 
tian hieroglyphics, and the other the arrow-headed eharacters of 
Assyria. It would seem to have been buried by Queen Artemisia 
iu the celebrated ai.%u8oleum, the tomb of her basbsnd Mansolus, 
as one of his moat valued treasures. 

Rettoration of St. Mari/a Churchy Youghal, Cork. — This church 
has been recently restored. It is one of the largest, most ancient, 
and beautiful in Ireland, erected in the thirteenth century, most 
probably by Lord Thomas De Clare, son of the Earl of Hertford, 
on an ecclesiastical foundation still more ancient It was re- 
edified by Thomas FitzGerald, Earl of Desmond, in the latter 
part of the fifteenth century. It is perfectly cruciform, and of the 
Early Pointed atyle of architecture, consisting of a choir, two 
transepts, a nave, and aisles, having a lofty tower of Norman 
foundation adjoining. The choir, which had been a ruin for 
many centaries, is now very beautiful, and its eastern window is 
grand in its dimensions, admirable stone tracery, and rich decora- 
tions of coloured glass, exhibiting an unusual number of armorial 
bearings, The monuments, also, are numerous and interesting, 
some very ancient. The roof of the nave is of massive Irish oak, 
of at least five centuries' standing, and in the walls on each side 
arc six lofty pointed arches, the angles of which are faced with 
hewu stone. A modern lath-aud-plaater ceiling, iu accordauce 
with churchwarden taste iu genetid, had oonoealed this noble 
roof for a great uuuiber of years, and hideous galleries had occu- 
pied all the arches. The pulpit is richly carved iu the style of 
the fourteenth Cv ntury, and the baptismal fout and sedilia are 
beautiful specimens of their eacly period. 

Safety Haven for Mirters. — Mr. George Walcott, C.E., suggests 
the following with reference to the late deplorable accident at 
Hartley Colliery. He says : — " Colliery proprietora are now im- 

i)re8sed with the necessity of having two shafts to every pit, or at 
east a staple (communication) between upper and lower seams of 
coal, the want of which caused the fatality during the late 
tragedy. Permit me to suggest another safety-valve, which would 
protect the lives of miners. A brattice (division of a shaft) 
occasions generally sufficient ventilation iu a pit to enable men 
to work iu any part When a brattice is disarranged the upward 
current of gas and downward passage of air cease, and probably 
at the same time the mode for pitmen leaving is ungeared. Im- 
prisoned miners should then have the facility of escaping to 
Erepared places in all the seams, where they might safely sssem- 
le and wait for relief This object conld be secured by imbed- 
ding under the casing that surrounds the perpendicular .tides of a 
shaft a diaphragmatic or a double concentric pipe, hvid from the 
outer air to the spots chosen as " havens of safe^," which would 
thus ventilated perfectly distinct from and independent of the 
mode adopted for the rest of the underground workings. At each 
of the prepared places facility should be afforded for closing the 
branch pipes iu seams where no men ai-e staying. Particular 
rooms in buildiugs are ofteu ventilated in a something similar 
manner." 

New Roman Catholic Ckurdt, RuihotmCy Mancliester, — This 
edifice has just been erected iu Thurloe-street, Rusholme, one of 
the suburbs of Manchester, The edifice is wholly built exter- 
nally with Yorkshire stoue "parpoiuts" and dressings of Hol- 
liugton atone, and consists of a nave and side aisle8,with aspidal 
chancel, and a lady-chapel at the extremity of its south aisle. A 
tower at the south-western angle serves as a porch, and it is 
intended to becrowued with au octangular spire about 130 feet 
high. The style of architecture is Geometric Middle Pointed, 
the details being treated with considerable originality. Inter- 
nally the building is about 95 feet in length by 46 feet in width; 
the nave and aisles separated on each side by six cylindrical piers 
of polished Aberdeen granite, resting on octangular bases of white 
Siciliuo marble. These piers support the arches on which rest 
the clerestory and roof of the nave, the aisle roofs abutting 
against them, and divided into bays by internal flying batlres^es 
of brick, so designed as to present a continued series of trans- 
verse arches, seen from either extremity of the aisles. The high 
altar will be of Caen stone, having pillars of serpentine, and a 
rich tabernacle and canopy. The church will seat about 600 
worahippers, and its cost (exclusive of fittings, but inclusive of 
the spire and architect's commission) wUl bo about £3200, 
/lOOO of which is the gift of two brothers, Messrs. R and P. 
O'Connor, of Rusholme. Mr. Edward W. Pugin is the architect-^ 
and Mr. John E&\An, ot Xa\l^fiu-\aA«T-\i^\A^^}(\%\i^ii!^^. 
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iVktti Schiioli at Ijtmg Athtnn, nmr Bri»tnl. — The new parochUil 
schools for Lous; Asblon were ofwtieil ou the i2uii JaiiiDiry. The 
new building comprises a boya' aud giria' school, with two fiue 
classrooms, cap ad<l cloak rooms, aud a laaater's house. It baa 
suitable playgrounds, aud the whole is surrounded with hand- 
some railings in fronts and neat fences at the sides and back. 
The erection is in the Early Decorated style, of Nailsea Pennant, 
with freestone dressing^!, and is ornamented with ahandaome bell 
turret, aupportetl with polished Purbeck marble columns, with 
carved capitals. The luaaonry is of the beat descriptioa; the 
details have been carried out with much care and fidelity. The 
nrcliitect is Mr. J. Wilaon, F.S.A., nf Bath. Each of the rooms ia 
li^ht, airy, and well ventilated. The boys' schoolroom has an 
■open roo4 and is 50 feet in the clear by 20 feet, and is lighted by 
'^•eTeo triple-light windows and a Btained rose window. The 
girls' schoolnwm is 48 feet by 18 feet, and has three large triple- 
fight windows. The builders are Messrs. £. and J- Tucker, of 
AsbtoD. 



CLASSIFIED LIST OP PATENTS SEALED IN FEB. 1862. 



Antuifsotntta «re Id pmnrrMS Ysj which increMed fodUtict, ta e(iDD«cUon with the 
at ol Vhi) Joora^, wiU be •fforded to InTontois for aecuring tkIM Patouto. 



ftroooiin, R. A. — l>v:k« and kayt 'roin. I— August i 
Vicnn. M.— Mmiiifikcture nf «orew» 4(i<t unit*— A>iput 10 
' MM WigiaU, M.— Usiiudicturo of cuiiU, KpinU (liruaghaut ur la part — August 10 

lUSO Silreit«r, F.— Imi>roirpmifnl Ui wmeUe< -ViiijiHt <l 

3118 Coatborpe, U. lt.-^tm|)r<i\-Em«its iu timckoujwni — Aogiut 34 

SlAi Pnltier. B.^lmtiror^ninui m tainuhitlure at noUllii.' hivn — Aui^ it 3T 
l^ii*) ClutCwta. VL — UmftiumtiagcarJ, ^iln, aad ue<)dli> o^*M-Ausu(t tl 

'JW}9 Jacob, J.— IcnproTeniBat \rx gUdiuf {urcolkiu lud ceiTitiilc warn — Av£u«t It 

I9iT -Vowtdn, A. v.— RersralWo aeaU 'com..— Aaguat 

•JSri<i Wild*, W. — Imiiroremmita ia vantllatin; — Aujiait U 
3131) Jaued, R. — Htatiog and nnitilatlou — iugtuC 1<I 

S12i riell. W.— Cooklng-nuigsi Dwuiber 13 

.Slt^ bUljog. J. — Impnirement tu «taTe«— Dnyimber II 

laCS B<niietl. W —Fuel fur Ughtliij Htm— Aujual 1» 

Vm Uat. U. C-rircpmnf buUdlnsa— Aitgnit IT 

S144 Birkbeck, O.U.— tni(>rDve(Deiit in uddln [mm< 8«pt«mbi?r T 
Sf *$ Adauia, J. J, — Kteiililc iJockod bun»i' brusbiM -October IV 

20Tt Elli% J.— Apptntw for aHunlng ivirkt Into iUcf— Aogiut V> 
SOSt Baiufi«ld, G. T.— Stopper fur ltiulUo«, jars, tec. — Oecembtr Z 

'JMS KioM, H. — ImprnTutueat in dreat fa«t<iiiliigii— Aueait !!U 
'.'109 Playsr, W.D. ImprarniDunt in llrxMi liuUnui— iugujit U 



ait TwiKi O.— Tast«itingB tor »(-t. 
S004 RaJoiuoqa, A.— lmprofe<l boJi 
SOU DeaboToogh, 8. - ImproTamei 



..rt IJ 

iraiHiU — August 15 



ViU Mennoni, H. A. 7.— MoUt* power id ooluwBtian with the Atchiiaadian wirev. 
icom.)— September 

XMl Padrick, T.— Applicattoo of water as a motive power — Aapnt 19 

IMS TolobaMa, F. — luipravoineat In incrtMiuug ibo effect of mottre pgwtr— Aaguit 6 

IMI bignun, O.— Tramitn connection wiLti wbeelj for comiaoa Mad*— August 30 

IW Barchf , A.— Machinerj for raising or loWerioK heary weijEhtg — Aogusl >U 

IMO Godwin, &. A. — ImproremoDt in pump* — Aognst B 

1951 UcMorran, J.— MacbinefDrmLiutliwinekt— Atignrt.A 

. - ■ ■ lertoad-OetoterM 



ttSd Mailer, W.—Soa<Ung coffee, cocoft, 4cc, - September S 

19tl If ott, A. J. — Improved nnt for bcor and otb«r coaIu— ingnit 9 

IMI Sotler, F. — A method of orwleapinff low level* -August S 

ion Orkhain, T. — Coostniction ol boats and other flaa.tijig strooturas— August 31 

SOIT Klppingille. E. A.— ImproTement« In steam sd^oo]— \agast 14 

1948 Oallwak^, W., Oallway, J.~ImprarenieDt« in steam boUera—Angiut 8 

9WS Barm, L. P.— Tubnlar steam boUer— September II 

210< Ktsoo, s.— Qeaiiog feed wator of eteani boilna— August M 

)Mt Ni'WtoD, k. V. -PrevontlBjE steam bollors fhuo lucni<tatloii |oom.}— Norember SS 

3ni) Attwood, H.— Claanidng and feeding boilen— August Id 

IU8 Uundldd, Q. T.— ImprovemeaU in fosdiog boilon (odb;)— Aogoek SI 

tStS MMaons, H. A.— Sutoki) cooBiming faroMet (oora)--Septamber I 

WOO Parry, O.— ImproTemeots in the mamitnoture of iron and steel - Novemher 18 

219T Buwhof, O.— Improremenl* in axtracting copper and silver from ores — >ep4. t 
Jli)2 TlaiB'-n. W, — ImiirovfiiininL* in thu ooustrnrtioii of girders Ac. — August HI 
niv I>a<i>()ll, .T. J.— liupmvr!ini-ntd in attncUing wcldiHi (iihoi to fixed jutes — Sept. 6 
SOSfi Kusscll, J. J. — Improvcmimt Id manubirttire of taper labes — Decentberl 
UH KosiaeU, J. J.— Hand stocks and dies- October a 

ICOI Bnwns, J,— BaDwsv brakes (<nra.>— Aeptemtier 4th 
l»0i CUrke, W. 8. T. -Railway bnkae— August 10 
9(>«y Wbittaker, S.— Railway siguaU— AnfWt SO 
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SI 81 Clark, W.— Railway ngnals (com)— .^epiembor 1 
2174 Petulh'rtmi, C— Railwuy ftnd uthur tieaals— Augiist It 
iiH Henry, U.— Railway U-legraph «i^aiils :cuai i fleptewber fl 
UiV'o Cook, W. — Improvemeiita in printing telegraphs — OctofasrlO 

2^10 berard, A. B.—8epanMiag netaii from their ore*— NoTember 8 
iOil Kdwinii, K. — Impnivemsnts in appormtns for purifying uilnetal oraa, Itc. — 
August 14 

3104 Wbitwortli. J., Wilson W.— Improvemonto In right) forsma>l arms and ordaanos — 

August ii 
3041 ICarcott, T.. fUmiom, C. — ImprovomenU in breech loading flra ama — August It 
t384 ITewtod, W. E. — Improvements in guns (com.) — September IS 
U&3 Wyluy, A.— Firearms-October 3 

sacj Bousfield. O.T. —SlanutkctQM of soap— November IS 
3141 klatihews, J.a.-Maaafiielttre of starch- August SO 

20S8 Smith W.U.— MannlaetaTC of peat— Augtut 19 

3039 Carey, S., Morgan, W.— Improvement in rebuming animal charcoal— August 

2032 Martin. J.C. —Improved method of treating bones and their proilucts— Angnat 15 

3074 liumlMrt, R.S. -Vessel for removing boiling liquids from pans A*, — August 30 

lOIt Remy, J.O.— Utilizing the waste of the cedar tree— August It 

ISM ikblni, C. — Improvements in glass fttmacea— iugoat 8 

19M Wetib, T.G. — Improvement ia the mannfafituro of articles of glasi— Aogost T 

M88 ICeiiiions, M.A.F.— Pranas (or lltbograpbic printing (com)— August 30 

5MI MenDons, II. 4.F.— Mann£vctareof paper pnip (com) — .September It 
SIOI Biidiardsoj. T. — Improvement In mAnofacturc of paper— August U 
SOIM Johnson, J.H.— Manufkctufa of pnip for paper (com; — August St 

19t4 Prince, A.— Improvement in palate plates for teeth (oom— August S 
9065 Pitkin, W.— Improved apparatui for extracting teeth —August 20 

3064 Kostoine, A.— Improvement in speotad'U—AngosttO 

3081 Clark, W. —Improvement in opticil and illnmlaaiing apparatus (oom) — August H 

t47il Scfaalkenbacb oombination of kegred and pereaMlon moalcal iastmiiieBti -Oct. SC 
2161 Jewull, P.— Improvumimt in ooocertiiiM -August tt 

S!139 JaUla. A. — Maaufscture of maaurs — Augnat SO 

2048 BalmAin, W.U. — ilanaCacture of sails ol potash— Vavember Sj 

1121 N'ye, E. — Inprovemeut ia eaemas and such like iostruments— Augnat M 

10(7 Cathels, E.S.— Cnmpensatinggaa meters -August 19 
3407 Webster, J.— Manufacture ofoxygun gas— October 19 

3075 Oye, K.—Oft»oaiet«in- August 10 
3071 Somervi le, J. — Tapping gas and water mains— Au^st 20 
2£92 btevena, C. — Uode of detecting the leakage of pipes dtc,— October M 

toss BalamoD, X. - - in)— August 31 

S08S oaUmona, N. -^m.)- August 31 

2115 Driver. J.— Wi \u(fU»» 94 

3148 Oniassa, W. S.— ^civiii^ iimchiur.><— August 18 

t09ii Ifewton. W.£. -Improved knaprndn (ooa)— December 10 
3114 Hyams, M. — Uauu&ctareaf wnokiiig pipes —August 14 

S3I8 MeanoDi, M A F— Ribbon k»)ias toon)— Septetgbert 
3984 liawiy, Q.—Oardiug and liackliug machine— XovoroberSS 
l!tll!i Orax, J.— ImproviimentJ in muli^a for spinning— August 19 
S<US Cooper, B. — Splonini machinery — ^nguttt Vi 
(U08 Homer, J, C— Improvement in loamt-Angnrt 18 
S!MT MeuMoa, F. — tjioe macbiniia {com. j— September 12 

Sits lUhMMU, F.— ArtiOcial fur worked in the loom (cam)— August tS -i^— 

Hit Davles, E.— Impmveinent in manubcrture of teitlle materia] (com)— DecemberuT 
>IM Biriup, J.— Improvsmeut ia mauuCscture of velvet tc, — August 80 
lOM KeMtlmeyer, C. W. — Improveioeuts in manufacture of volveU, Ac. —August 15 
3041 livesey, J.— Textile fabrics for embroidery aod trimmings— August 1( 
3094 Kano, J. — Preparation of flbres fbr yam or thread— August 31 
3011 -tndrew, S., Uomby, S.— Cleaning aud preparing eottoo— August 18 
3(147 Sutton, K— Cleaning aud preparing cotton — tuvust 17 

1988 Eastwood, J. and J.C.— Conrertiogwaste fibrous matefial into yarn tbr spiaaing 
— AuguM 8 

3148 Corbett, S.- Crashing and grinding maehiDM— Aaguft 29 

1078 Fisher, N.— Improved implements for cultivating land— August 30 ' 

3884 Penaaa, C— IapU.<meata for eoltivatlog hard toil— September 30 
35TS Newton, A. V.— Orain and grass harvester (oon)— October 18 
9080 Firth, W.— Improved implemctils forcnltiTatiugkod- August 19 
tIM Henafflan, W.— St&am ploughs— Augiut 81 

♦047 '^arr, A.T. — Imppovemeni in hor»e shoes -Dommber 8 

1998 Stociter, S.A. Stoclur, R.A. — Impravemcntt in horse shoes h boot beeis — Aug 10 

3107 Childs, A.B.— Dresring of mill stooea :com) - August 31 

1117 Crasetoa, J.— ImproTemsotc in canatrueting oonservatoriM ic large sbeda-Aug 34 
1083 Moody, C. P.— Iniprvreoent la i — u uf acture of galea— Augnet 9 

1180 Wappeustaia, B. -Improveneot ia «op tabds and ruliar cava* — August 8 

3089 Mural, J. M.— Uanufacture of uiUIUry hat tufte-AufUAt 31 

tItW Clark, W. — ImprovtioMuts in inauufocture of shirts foom ,- August 80 

3114 Lechitee, A. — tiuiialiou of Uco and emliroidcry— August 28 

2140 Orange, a.— Mouubtoture of shirt dlArs, cuffs, thmte, ke. ^August 38 

tl8t Blrkbeck, O. U. — Improvemeut in needles (oum.J — September It 

SlOO CasoUa, L. M. -Mert-urial tliennometer- .August 23 

2185 Astmar, J. 0. C— Instrument for faciillating the practice of the dnnn— Aqgtutt tf 

S395 Jenniug, H. C. — Preparing hides and aldos- September 14 
3087 Menard, A. F.— Improvemeote in taaning — August 15 

t8M Sicard, 3. L.— Machine for purifying i>nd weighing grsia— October t< 
1711 UiUiums, W. J. Impravcmeuts in weighing machines— November 1 

3168 Mewtou, A.— Machinery for cleaning rice and other grain, Ccom.) —Aognit 19 
S33iV Qraeuwood, T. — Wood sawing machinery— Septomk>er 5 
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BUBUEBAN VILLA, WEETWOOD, NEAB LEEDS. 

(JTith an Engraving.) 
Tai8 Villa, of which we give a, perapective view and ground 
plan, is now in course of erection at Weetwood, near Leeds, for 
Henry Oxley, E«q^ banker, of that town. The plan shows the 
aocommodalion and arrangement of the principal floor, which 
comprises entrance-hall, staircase saloon, 21 feet by 21 feet; 
dining-room, 28 feet by IS feet ; drawing-room, 25 feet by 17 feet ; 
br«akfiut-roam, "22 feet by 17 feet; waiting-room, atore-room. 
bailer's pantry, housemaid'a closet, plate store, larder, kitchen, 
17 feet by 17 feet ; scullery, 17 feet by 16 feet : washhouse, stables, 
and other out-buildings. The staircase saloon ia lighted by a 
central ceiling-light; the staircase is of stone ; and communication 
U made to the principal betl-rooma 6n chamber floor by a spacious 
gallery. The chamber floor comprities six pnncipal bed-rooms, 
dressing-rooms, closets, bath-room, water-closet, and houseniaid's 
cloaet; attics are also provided for servants. At the entrance to 
(be grounds it is inteuded to erect a lodge, and recessed caniage- 
gates and piei-s. The building is faced with Pottemewton wall- 
stone, and Weetwood sandstone drtsaings. It is from the designs 
of 3llr. William Hill, architect, Leeds, and ia being canied out in 
a Terj* satisfactory manner, under his superintendence, by Messrs. 
J. and B. Pounder, of Leeds. The estimated cost of the buildinys, 
indading lodge, entrance-g.ates, stables, &c., is il37UO. 

BEFEKENCES TO QROUND PLAN. 

M. Wa;tbhouse. 

N. CuaU. 

O. Kitohencourt. 

P. Dust. 

Q. Hen-roost. 

K, Watrrcloget. 

S. StaH»> court. 

T. iMinUl. 

V. btflhlc. 



A. Entrance ball an J cloak-ruoui. 

B. Staircase iialix>n. 
C^ Breakfiut-rooin. 
jy. Dining-room. 
£. Aute-rooiu. 

F. IV»wiug-room. 

G. Rtort. 

H. Housemaid'i cIo«et. 
I, Kitchen. 
J. LtkitleT. 

BL Safe. 
L. ScuUeiy. 



U. Honiesi. 
X. Coach-house. 
Y. L<>oi«5 box. 



THE 



BiriLDING FOH THE INTERNATIONAL 

EXHIBITION. 

ToiB great undertaking has advanced rapidly since our last 
notice of it, and yet now, within a month of its opening, the 
•mount of work still remaining to bo done appears overwhelming 
— especially in the prerjaration of counters, fittinggs, and all 
other ari-angemeat« for tne <iisplay of goods. 

The building however is far adCvn-. .i nml it becomes possible 
to foiTii a judgment upon its inter: iihout much liability 

to error, while externally it is foi , : , .-ics of criticism eom- 

!ilete. The unfavourable opinion expressed by us from the first 
Journal for April ISGl) is — we say it with regret — fully confirmed 
by the appearance of the building as seen from any adjaceut 
s;>ot, and worst of all, as seen from the spot when -e it would be 
d^irable that it should show to greatest advantage, namely, the 
upper part of the Horticultural Gardens. The domes especially 
show singularly the desirableness of qualificjitions in the designer 
of large oruamenUd features, which seem, naturally enough, not 
tu h.ive been poaseased by the author of this design. We mean 
the faculty of jadging beforehand of the efect of certain forms 
when seen at a height above the eye and in combination with 
adjoining featurea Any real architect would have both foreseen 
uid avoided the distortions '•*' oi.ti;i,.j to which these unhappy 
dome* are subject as the spect t .-» his point of uij^hl; distor- 
tions 80 reraarkabli), as in the _ o be worthy of some study 

and attention on the part of profeasonaJ men, as examples of what 
to avoid. 

The felt covering of the exterior of the roofs, has now had a 
eovcringof zinc superposed over It, which will we hope, secure 
the interior from serious leakage, although the building is not 
yet thoroughly water-tight. The sfmifolils on which the domes 
were erected, and which were retained to facilitate the painting 
of them, are now being struck ; from their massive charauiter, 
this is a very long process, and it will not be quite completed for 
tame little time; the preparations for Laying the floors nnder 
ih, ' nre, however, fiist advancing, and the raised floors, 

%\ be remembered were proposed to be formed there, 

prt'iiii>w iu lurm very eUective features. Except in parts of the 
uave, where much heavy work is being done in the way of pre- 



paration of foundations for trophies, foantains, &c., the floors 
throughout are nearly all laid, and are covered iu all directions 
with unopened packages of goods. A wilderness of wooden 
p.'irtitioDs, to afl'ord hanging room, is springing up in varioua 
directions, while in other spota the localities for such erec- 
tions are distinguishable, set out upon the floor in red lines. 

The most interesting novelty however to a visitor entering 
the building after au absence of a few weeks, would undoubtedly 
be the coloured decoration of the interior. This it was decided, 
after numerous experiments and considerable consultation, to 
commit to the experienced hands of Mr. Grace. 

Without for a moment asserting, or supposing that thiscoloui^ 
ing will be pronounced so bnlliant a success as that of the Exhi- 
bition of ItiSl, done by Mr, Owen Jones, we cannot but recognize 
Mr. Grace's work as in the main succea.sful, and as haviug to a 
very great extent done good to the internal eflect of the building; 
though we cannot help expressing regret that the same cause 
which prevented recourse being had to the best sources for advice 
as to the design of the building, or a similar one, should have 
deprived us of the services in its decoration of Mr. Owen Jones, 
undoubtedly the first coloitrist of this, perhaps of any nation. 

The colouring of the nave-roof is of course one of the most 
impvirtant features of the work, and is the one which can be best 
judged of at the present moment, as the domes ai-e still partly 
filled by acaflblding, which intermpts the view both of them- 
selves and the transepts. 

The botirdine of the ix)of is painted a light and delicate pearly 
grey, the purlins are white, ali;,'htly relieved by red patterns, 
and between each pair of trusses three bands of light red, with 
a little ornamental scroll-work, iu the same colour, not occupying 
too much of the plane surfaces, are carried across the ceiling. The 
polygonal ribs of the trusses* have a sort of billet moulding in 
black and white on their soffits, forming a continuous line, while 
their sides are coloured with alternate lengths of red and blue — 
upon which a rather too elaborate and busy pattern is executed 
in lighter lines of colour. The columns from which these ribs 
spring are of a li^'ht sage green with a tiuge of bronze, and have 
vertical lines in yellow; a little gold is introduce<l in the capitals, 
and a little decided colour on the bases, bands, and at one or two 
iither points, while the ornamental balustrade forming the fronta 
of the galleries is coloured of a tint to correspond with the 
columns, heightened with gold on the prominent parts of the 
pattern. 

One principal aim of any colourist would have been to attempt 
to give as great an air of height to the roof as possible, .ind here 
Mr. Grace has been decidedly successful, perhaps as much so as 
possible. He has also adopted a very happy and simple expedient 
for producing a blending of colour, in painting bis ribs so that 
when seen iu persjjective, the red portions of one are seen doae 
tfi the blue portions of the next, and so on alternately; one of 
thoee methods the very obviousness of which might have 
made a leas less experienced hand overlook it. It seems a matter 
of doubt whether more positive colour ought not to have been 
put on to the columns, so as to carry the line of colour down to 
tlie ground, this however is a matter which could easily be done, 
if, as the building approaches completion, it appears to be 
ncc<led. One unfortunate result has, however, followed the 
method of colouring in lengths adopted for the ribs, a result 
we much regret. These lengths coinciding as they do with the 
boards of which the ribs .ire formed, destroy them entirely as 
apparent semicircles. Before being coloured however, these ribs 
really had the effect of being curved, without the difficulty or ex- 
pensii of being made ao, and it is very unfortunate that the 
Colouring has destioyed this illusion, which was one of the great 
merits of the roof. 

The domes and transepts internally bid fair to he more effec- 
tive than the nave; though, as we have said, they cannot yet be 
so well judged of A broad band of blue, with an inscription in 
letters of noble height and size, runs round the drum imme- 
diately below the siiringing of the dome. The spandrels below 
are mainly of a dull red, and have large circles painted iu them, 
each occupied by a figure. These medallions have been executed 
by Mr. H. Bnrchett and his pupils, at the South Keusington 
School of Art, in the short space of a fortnight 

The great arches are encircled by a broad band of sage green — 
a good deal broken however, as are the spandrels, by lines of 
colour. The transepts present a considerable amount of wall- 
space, which is coloured a dull red, of a moet satisfactory shade, 
and one that throws up the colours above it extremely well. We 
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have only to add, that the ribe of the glass dome, and the solid 
centre, are also painted; but, owing to the light which fluods in 
past them, they are but dimly seen, and of coarse the brighter 
the day the less apparent they will be. 

The courts and annexes appear to have been designedly coloured 
as unobtrusively as possible, pale sage green ou the columns, and 
light secondary and tertiary greys, with a verj' sparing mter- 
mixture of positive colour is here employed, and the result is a 
very difl'usea, quiet, but light neutral tone. The columns how- 
ever are decidedly too pale, and do not stand out enough from 
the grey shadows behind them, and the oblique lines of the roofs 
seen across them, the consequence of which ia that a very unsatis- 
fiwtory appearance of crookedness, the result of optical illusion, is 
to be seen in some of the courts. This excepted, however, the 
ooorta, airy, roomy, and light, seem to leave nothing to be desired. 

In concluding these remarks, we mast first observe, that the 
tones, tints, and shades of colour throughout are chosen with 
great judgment, and with a careful regard to the laws governing 
the harmony and contrast of colours ; and, secondly, that the 
difficulty of the work, and the consequent merit of it, have been 
materially increased by three circumstances of unusual occur- 
rence ; the firat, the vast magnitude of the surfitcea to be dealt 
with ; the second, the short space of time in which the whole had 
to be designed and Arranged; and the third, the disadvantage 
that it has been impossible for the artist to form an opinion of the 
reaulta of his work, by actual inspection of them, till a period 
when it had beoome impossible to introduce any modification, 
improvement, or correction. 



THE ALBEET MEMORIAL. 

The natural manifestation of sorrow for the public loss sus- 
tained by the decease of Prince Albert, and of sympathy for the 
private loss of the Queen, has we believe, no parallel for its 
unauiiuity in the history of England, It was natural and proper 
that this public sentiment should seek to record itself in a 
monument worthy of the Prince; and it was natural and proper 
that the Queen herself sliould be consulted as to the design of the 
memorial. The Royal wish that the intended monument should 
be an obelisk may without presumption be attributed in some 
degree to a suppoaition, encouraged by the preaa, that such a 
su^estion would be agreeable to public feeliug. 

We have no intention of criticising the suggestion. If it be 
not the best that could be made, it has yet considerable merits; 
and even if the merits were leas than they are, the aducting cir- 
cumstances in which the selection was made woold silence the 
voice of criticism. 

But it will not be inopportune to consider some of the prind- 
plea which ought to govern the designs of monuments generally. 
What is a monument ? If it be a monument and nothing else — 
if it be not made to serve some secondary utilitarian purpose — it 
is a structural record of some past event. It i.s obvious that the 
chief requisites of such a structure are expression, durability, 
conspicuouaness, and artistic excellence : expression, because the 
monument has to tell a story; durability, because it baa to tell 
the story to remote ages; conspicuousness, that the story may be 
proclaimed publicly; artistic excellence, because no permanent 
structure should be without that merit. 

Two of these requisites an obelisk possesses in a high degree. 
It is usually very durable and very conspicuous. To the quality 
of expression also an obelisk baa some claim. Its form shows 
that it is a memorial of tome event, for it is obviously adapted 
to no other purpose. Tu designate the particular event intended 
to be recorded, this, like all other kiD<U of monuments, re^juired 
the accessories of sculpture or inscriptions. 

The quality of artistic excellence is ma<le up of sd many 
elements, that the judgment of mankind with respect to the 
artistic merit of any work of art varies accordingly aa men give 
predominance to this or that element. The least-educated judg- 
ment gives preference to the most costly and elaborate works. 
There is something gratifying to every taste— «nd especially to a 
vulgar taste— in seeing in a work of ait evidences of great cost 
and labour. This merit is not to be under-estimatea simply 
because it gratifies the uneducated as well as the educated taat«. 
For the taste ia reasonable; it is rea-sonable that a monument 
should be costly because it is a tribute of gratitude, and the 
gratitude is not earnest which pays its tribute parainioniously. 

But the costliness of an obelisk is, though a merit — a merit 
of the lowest kiud: that costliness arises from the necessity of 



transporti&g a great stone from a distance, cntting it into a very 
simple form, and erecting it. In all these operations there is very 
little of mental labour — or at least of menUil labour exclusively 
appropriated to the occasion. Almoet all the labour bestowed ia 
physical, and may be represented by so much steam power, 
it is true, there must be some engineering skill employed, but it is 
of a kiud not peculiarly required for this one work and uo other. 
The engineering coutrivanoes wanted for erecting an obelisk are 
the same as those which would be required for moving other 
great weights of the same form; and it would clearly be as un- 
reasonable to reckon these contrivances as special merits of the 
obelisk, as to pat to its credit tiie thought and science which 
invented the steam engines which will be used to move it, shape 
it, or polish it. 

If we regard it historically, the obelisk is only a simple im- 
provement of the rudest of oil monuments — a single unscnlptured 
stone — such probably as the pillar which Jacob set up at Bethel. 
The artistic merit of these and similAr structures, such aa the 
Druidic, simply depends on the amount of labour involved in 
their erection ; and that merit u less and less as machinery becomes 
more and more efficient to save labour. 

It is true that the sculptural accessories of an obelisk may 
display any amount of mental labour and artistic design. But 
the merits due to this cause are no part of the merits of the 
obelisk, for they might exist if the same aooessories were com- 
bined with a different monument. There are no sculptural graces, 
as far as we are aware, that are specially appropriate to an ooelisk. 
On the contrary, there are special difficulties in combining an 
obelisk with statues on account of the excessive disproportion of 
their respective heights. 

If, however, the artistic merit of an obelisk be not very great, 
it at letiat has this recommendation — that it does not grooaly 
violate the principles of good taste. Experience teaches us that 
in Tendon such an advantage is of great value. A monument 
which is not positively offensive b^mes, by comparison with 
those which already exist in London, positively meritorious. The 
metropolitan monuments are objectionable, not merely by faults 
of execution, but also by inherent defects in their designs. They 
are principally uncanopied sbitues and isolated columns. The 
latter are architectural solecisms, for the form of columns is so 
manifestly contriveil for the support of superstructures, that a 
column without a superstructure reveals itaelf to be a thing out 
of place. Again, uncanopied statues are in our climate at least 
objectionable, not merely because of the absurdity of honouring 
a man by exposing his unsheltere^l effigies to every pitiless storm, 
bat also because the statue must be imjuiired and ultimately 
destroyed by the exposure. The erection of uncanopied statues 
ira this country we believe to have been never practised until aiWr 
the {lecay of our national architecture. The bailders of our cathe- 
drals placed their statues under canopies or in reoessea; their 
delicate sense of propriety would have been shocked by the 
barbarous and irreverent treatment of statues to which we are 
now accustomed. If we mistake not, there is not a single instance 
of a mediteval uncanopied sUttue. 

There ia not in this country any form of out-door monuments 
free from all the defects above referred to, except the ancient 
Gothic "crosses," such as those erected by Edward I. to the 
memory of his queen, one of which — a very "beautiful example — 
remains at Waltham. lu these so-called " crosses " there is such 
a combination of architecture and sculpture as satisfies most 
completely all the essential requisites of a memorial. The cross 
is susceptible of infinite variety of design, magnitude, costlinesa, 
and decoration; it is durable, as the existing examples prove; it 
tells its story quite OS intelligibly aa an obelisk; and, probably, in 
a ftiture generation, when the affectation of pagan forms is 
out of date, will be considered infinitely more beautiful. 



THE ARCHITECTURAL EXHIBITION 
In this important year, when, on a second occasion the world's 
gathering is to be assembled in our metropolis to do honour to 
an International Exhibition, it is satisfactor}- to believe that the 
claims of others, which about this time are acoustome<I U> make 
their annual appearance, have not been forgotten, althuogh for 
the nonce they luujit expect to shine with diminished luDtre in the 
lace of their more absorbing rival. Great efforts are beir«g moile, 
we are aware, in order that Architecture, among other fine arts, may 
be worthily represented at Kensington ; but we are glad to see 
that the walls of the Conduit Street Galleries are not^ the less 
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"bKn on that account, and thnt in some desirable respects this exhi- 
bition has made a Rt«p in sd rauce to warda becoraiug a mure genuine, 
as well as a more useful, instiiution. In one department, however, 
tbtra appears a deficiency which gives cause for regret. The 
wptkoe nsnally allotted to the display of materials, and of practical 
works, patents, &c. bos been apparently this year leas in demand 
(posBiDly owing in a great measure to tLe cause to which we have 
already adverted), while there is also a decided lack of novelty in 
the general character of the articles exhibited. Of course it is 
not to be presamed, or even wished, that this department should 
pc«Mnt an entirely different aspect on each auccesi>ive season ; we 
are onlv too glad to welcome the continual revival of those old 
and well-tried objects which cannot be placed too often or too pro- 
minently in view, especially the many economical and sanitary 
contrivances which have been devised of late, and which are to 
the public at hirge ao inestimable a boon. Still, we cannot dose 
our eyes to the bet, that this portion of the Architectural Exhi- 
bition does not keep pace with the march of improvement out of 
doom; that either inventors are not sufficiently alive to the expe- 
dieooy of thus making their products known, or that visitors to 
the galleries have been tardy in recognizing and encouraging 
such efforts as have from time to time been praiseworthily ma^^le. 
Now, whichever be the true cause (and there may be a blending 
of both), this is a state of things that ought to bo remedied, for 
the well-bein^ not merely of the exhibition itself, but also of the 
parties who it is intended shall be mutually and more imme- 
diataly benefited by the plan. That the scheme has thus worked 
w«ll no one can deny : that it is capable of producing muuh 
greater results is equally incontrovertible. Let, then, our men 
of seienoe and skilful artificers not ao much overlook the oppor- 
tanity in future. 

Asverting, however, to the Exhibition generally, and glancing 
at the catalogue, it is at once evident that our country friends 
have put forth greater strength than heretofore, whUe that in 
point of merit, as well as numbers, not a few of their works 
prove most valuable and acceptable contributions. In the matter 
of recent competitions, too, the drawings, which are liberally 

Srinkled over the walls, have been gleaned from vanous parts of 
e kingdom, and the means hereby affonled for duly comparing 
them one with another is oue of the many evidences of the 
Utility of the exhibition we are now commending. Among such 
competition subjects, designs for which are more or less elucidated 
in the present collection, may be mentioned — the Town Halls for 
Northampton, Hull, and Tiverton; the County and Borough 
Halls, Uuildford; the Devon and Cornwall Bank; the Agri- 
cultnral Hall, Islington; Bath Markets, &c. Then again, the 
" Architectural Publication Society," and the *' Architectural 
Association," display, as usual, broadsheets of subjects, selected 
from those issued during the past year, while numerous large 
cvtoons for stained glass, and a few smaller ones, interspersed 
among the oniinarv pictures, serve to vary and enliven the 
Moaxftl effect of the whole. Decoration, as such, would seem to 
M less represented than formerly, though on the opening night 
•ome beantifal specimens, lent for the occasion, and more par- 
ticularly one, in which colours of the most vivid as well as sombre 
Iraee hsul been successfully transferred to a ground of pure white 
satin, were the theme of general comment and admiration. 

One featnre, in which the present exhibition differs from its 
predecessors, is due to the now almost universal application of 
photoffTsphy in reproflucing drawings, and fac-similesof the effect 
ci sciuptared and other works in relief. While fully sensible of 
the advantages which cannot but accrue to the cause of art by 
the liberal use of means such as these, when pursued in the right 
direction, we must tiike care that its facile assistance does not 
induce a laxity or carelessuesa among those to whom the practice 
of freehand drawing, and the power of ready expression of 
ideas either by pen, pencil, or brush, should be in constant 
exercise. There is an evident danger of this, and, as in Aome 
degree corroborating our apprehensions, we need only direct 
attention to the large ratio which the photographs on these walla 
bear lo the more old-fashioned, yet (we venture to assert) more 
legitimate modes of representation, which, spiteof all their short- 
coniiugs, ore alike of infinite service to the experienced prac- 
titioner and to the comparative novice in art. 

Bat it is time we should enter upon our task of examining the 
drawings seriatim, though we cannot but advert for a moment to 
that which may well he deemed a supplementary exhibition, 
sepsmtc and distinct, which occupies the whole of the aute-gallery, 
besides covering numerous screeus, in the room, viz., the aeries 
of architectural sketches and drawings, some hundreds in 



number, made by the late A. Welby Pugin, and lent for the 
purpose by his Son, the present Mr. Edward W. Pugin. These 
constitute of themselves a perfect study, and are marvels of 
industry and artistic skill. Pugin might be termed a mau of 
intuitive discernment in all that regards the principles of ancient 
art, and he pursued their many-phased developments with an 
ardour of devotion which never knew fatigue, but which bfougbt 
him to an early grave. In the specimens as here arranged we can 
almost read the character of their author. Be they sketchy or 
detailed, in outline or colour, there can be no question as to the 
motif 0^ each individual work, or as to the amazing power of 
hand, acquired by that constant "practice" we nave been 
advocating, which could so readily and faithfully express the ideas 
he was anxious to bear away. Thus the infinite variety of sub- 
jects which are presented, and their mode of delineation, are alike 
evidences of the workings of a master mind, to which, in its 
peculiar line, it would be difficult to point out an equal. On thie 
we shall, however, have more to say when we come to notice thestf 
drawings more minutely. 

Among the first drawings which attract attention are (7 and 6), 
by Mr. E. W. Godwin, which consist of the principal elevations 
for the " Town Halls at Hull, and Northampton," the Utter now 
in course of erection. These drawings are advantageously placed 
side by side, and present some degree of similarity to each other 
— in idea at least, — both being based upon the received interpre- 
tation of Italian Gothic, as now so largely practised in this 
countr}', and both being composed of the same elements of detail, 
into which figure sculpture and inlay surface-work are conspicuous 
features. It appears to us that in the former of these designs 
the statues ranging along the front are too large, destroying in 
effect the real soile of the building, which in other respects looks 
more broken up, and not so well balanced as the simpler and nobler 
fafade at Northampton. As well drawn and effective sepia 
elevations, without .viventitioua aid, they deserve an appoviug 
mention, and the same may be recorded of (31), Mr. Godwin's 
competition design for the *' Public Hall and Market, at Swan- 
sea," though the design itself appears less successful than the 
others juat mentioned. No. 2, shows some well photographed 
sculpture executed by Mr. Nicholls, for Gayhnrst, from the dtaigu 
of Mr. Burgea. It will be remembered that some other portions 
of this building were shown in last year's exhibition; those before 
us mark simply the enrichments of one of the fireplaces and 
do-irs. The subjects are in low relief, and illustrate respectively 
tho Expulsion from Eden, and the Bringing in of the Boar's head; 
the latter occupying the whole width of the door betweeu the 
architrave and the ceiling. 4, 6, Sketches in water colour of 
" Norwich Cathedral " and " St Ereamus' Chapel, Westminster 
Abbey," by Mr. Warren, are unpretending, but cleverly touched in. 

Mr. C. F. Hayward exhibits chiefly photographs, some being of 
subjects which have before appeared in the shape of larger 
drawings. Two of the best of these are comprised in (9), Schools 
and a Shop erected at Halstead ; (47) is a photograph of the 
Lodge of the Tailors' Benevolent Institution; xnA (35), is another, 
of the Chalet erected by Mr. Hayward, at Lexdon, near Col- 
chester. In these, as well as other contributions from the 
same hand, there is evidence of an originality; which, If 
not always equally xuccessful, is to be commended, so long 
as it oversteps not the bounds of correct taste. Mr. Which- 
cord, in the " Para<lo now erecting at Blackheath" (6), pre- 
sents what consists mainly of a row of shops, the houses 
themselves being set back ; and, cxceptiug it be the extent 
of the undertaking, there is really little on the face of it to call 
for so pretentious a drawing. The " Offices and sale-rooms" being 
erecteu from Mr. Whichcord's designs, in Water-lane, City, as 
shewn in (20), though more characteristic, are yet deficient in 
effect, compared with the majority of the noble structures of this 
class, which have especially marked the metropolitan irapvove- 
meuta of the last ten years. It is wanting in boldness and relief 
of parts ; the main comicse being sadly at fault. Mr. f^'orsuu w, 
as usual, an exhibitor of some of the numerous works he is 
executing near Leeds, (10 and II) being photographs of a large 
mansion, in desig^n, perhaps, not one of nia happiest efforts, but 
yet with some very good points. The vignette additions to the 
drawing are tasteful. We shoold be glM to omit reference to 
Messrs. Francis' "Redhill Market Hall and Assembly Room" 
(12), but its very absurdities press it into notice. What can be 
more incongmons than the mixture of Italian in a portico, 
Elizabethan in windows and parapets, and Gothic diagronal 
buttresses at the angles, each of the most unmistakable land I 
Yet this is the composition which exists, not only on paper, but 
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WHS " erected 1860." This drawing reappears, moreover, among & 
group of other photographed deai^^us in (57). In a " Competition 
design for Schools at Cnistor" (14), Messrs. Hooker and Wheeler 
have shown oousiderable taste. The arrangement and outline are 
unusually satisfactory, — the material chiefly red brick. Many 
of the competition designs for the "Godolpbin Schools, at Ham- 
mersmith," were contributed to last year's exhibition; we have 
in the pressent one (15), a view of the building, as just completed, 
the architect beiu^ Mr. C. H, Cooke. The central portion, 
including the oriel, is its most satisfactory part, and the least so 
is the tower immediately above, bnt the whole mass has a rather 
heavy and ungainly look, and some of the details would have 
been better if bolder. 

The beautiful photograph etching (19), of " Archbishop 
Holgate's Hospital, York," by Mr. R. P. Pope, will be recognised 
a.1 a reduction of the skilful drawing whicli lately enriched the 
Royal Academy walls, and which we then took occasion to 
notice. (22), another photograph — that of the "Tomb erected 
in IJchfield Cathedral to the Memoi-y of Major Hodson," 
and sculptured by Mr. Earp, from designs by Mr. Street, — will 
remind our readers of the lithograph of the same subject which 
accompanied our number of this Journal for Sept, \SiKK In (48) 
also, Mr. Earp has photographed various groups of sculpture, 
mostly execute*^! for Lord Calthorpe's new mansion at Elvetham. 
One of these photographs consists of portions of a reredos erected 
at Wymering Church, Hants, and designed by Mr. Street. These 
subjects represent — Our Lord bearing his Cross, the CruciGxiun, 
ana the Descent from the Cross. The " Torquay Gas Company's 
Labourers' Cottages" (23), by Mr. Appleton, are tolerably good- 
looking, and have the recommendation of being comfortably 
planned. £.ich cottage contains several rooms, with the usutj 
out-buildings; the ci>dt of the six, including fittings, being 
.£833 '2a. Ad. The materials used are local i-«l sandstone, with 
white and red brick dressings, but the doorways we of rounded 
fire-cJay bricks. 

In (24) is shown an ingenious " slip roof" for building iron- 
cased frigates, and now erecting at Millwall, for Messrs. C. J. Mare 
and Co. Though this is essentially a constructive work, and of a 
kind usually eutruated to engineere, in the present instance we 
are glad to find that it is under the direction of an architect, 
Mr. Edmestou, and the result is an evidence of no little thought 
and ingenuity well applied. There is no pretension to extraneous 
ornament, which, indeed, would be out of place ; but it consists 
of a well-balanced system of iron conatruetion. The length is 
410 feet, and the width 82 feet 6 inches. The roof is Wholly of 
bar aud angle iron, the standards being of cast-iron. These 
standards ai-e 4 feet wide at the base, and diminish towards the 
top. The total height is 70 feet. The roof is entirely glazed, the 
sides are clo.»iBd, and to be covered with De Vaui's zinc Mr. 
EiUnestoD also exhibita (oO), "Messrs. King's Premises. No. 77, 
Thames-street," a lofty brick building of six stories; and (242, 244) 
" Homes for Poor Merchants' Clerks," erected at Maswell Hill, 
in memory of the late Matthew UzieUi, Esq. Noai 25, 177, are 
in continuation of the series of continental sketches furnished 
from time to time by Mr. I'Anson, and are as usual interesting 
and cleverly sketched ; his two other pictures this year (30, 49), 
explain the designs of a " Villa at Dulwich." A modem Classic 
Font is a rarity ; but it would seem, from (Sfi), that Mr. Knightly 
has placed one in St, Matthew's Church, Bethnal Green. The bowl 
is circular — basket-work, in fact — and is supported by four figures 
of rather disproportionate size. Mr. C. F. Hay ward's " Poof of the 
Chapel of the Tailors' Benevolent Institution, Haverstock Hill" 
(27), is ceiled to a polygonal form, of low pitch, the trusses are on 
the hammer- beam principle, aud have moulded ribe,and traceried 
apaudrels. Altogether the design is a verj' successful one. (28), 
TNlessrs. Green and DeVille'a Competition Design for Hull Town 
Hall, shows an Italian composition, hardly equal to some we have 
seen l>efore from the same quarter. The intercolumuiations of the 
Corinthian order are far too great, this unwonted lightness of 
etfect LB not being compensated for by the coupled columns at the 
angles. The basement story is rusticated. We are sorry we 
cannot say a word in favour of their adjoining drawing (29), a 
" Design for a Chaf>el at Hanipstead," a would-be-gothic eleva- 
tion of the strangest kind. 

No. 44 is a proof of the increasing use of sculptured decoration, 
and especially in figure subjects, for domestic as well aa eccle- 
si.istical purposes; aud consists of four photographs of part of a 
series of sculptures of this description decorating the corridor of 
a house at Sydney, and executed by Mr. Nicholls. Mr. Phene 



Spiers sends, as be has before done, some delicately-tinted draw- 
ings — viz., (45, 247, 24R.) In these the Chissic feeling decidedly 
Eredomiuates. The " Cemetery Cbsftel," &c., erected at Low 
icyton, Essex, by Messrs. Willson and Nicholl, is well situated, 
aud the design is hiippily adapted, indeed one of the beet of the 
numerous emficea of this kind which have been nece8silate<i by 
the recent enactments. These several buildings are well shown 
by photographs in (46). Messrs. Dobson and Kyle's " New Build- 
ingsat Newcastle-ou-Tyne" (51), will hardly sustain the character 
for good street architecture for which that town has long been 
famous. This design is an extensive pile, and erected on the site 
of the great fire which look place in 1854. (54) is a frame con- 
taining three very good designs by Mr. M. P. Manning, the first 
of which, the New Chapel at Hampton, Middlesex, though vei 
pliuu, poaseasea great merit. '' 

(To be coiUinned.) 



lo spite of adverse weather, the attendance of members and 
their friends, including not a few ladies, was considerable on 
the occtision of the inauguration of the Twelfth Exhibition, by 
the usual riinvcrmzione, on the 25th ult, the evening preceding 
ita being open to the public. Speech-making was wisely aa much 
as possiTile curtailed, so as to leave the greater part of the evening 
free for visitors to examine the works of art around, and to 
renew associations among friends who rarely, perhaps, meet but 
under these or similar circumstances. The principal speakers 
were the chairman, the Rev. Mr. Burgess, who descanted on the 
greater public spirit and liberality which, on the whole, charac- 
terise our continental neighbours in reference to national projects, 
as compared with ourselves, — a theme suggested by looking at 
some of the drawings on the walls; — and Professor Kerr, who 
threw out some remarks on past exhibitions, and some excel- 
lent hints as to future ones. A brief report of a satisfactory 
n I tare was also read by one of the hon. secretaries, Mr. Edmeston. 
During the time of the Exhibition, the following lectures will be 
given on Tuesday evenings, in the galleries : — 
May 6. On the trangp^rt and erection of Obelisk*, and other large 

Moniilithfl, iu ancient and modem tinie«. By Prof. Doualdeou. 
May 13. The Character and Career of the late A. W. Pogin. By 

Prof. Kerr. 
May 20. Pagan Architecture. By W. Bnrges. 
May 27. Conventionality in Ornament, By J. P. Seddon. 
June 3. The Truthful in Art. By R. W. E4lig. 

Though the Exhibition will remain open till the 30th of Jane, 
we recommend our readers to pay it an early visit, and they will 
probably repeat it once and again. To facilitate such intentions, 
season tickets admitting at all times to the Exhibition, the Pugin 
Collection, and the Lectures, are obtiinnble as heretofore at half- 
a-crown each; these tickets have invariably commanded, u 
might be expected, an extensive circulation. 



NEW CHURCH, OVER-DA R WEN, LANCASHIEK 
( With an Engraving.) 
The Church forming the subject of our illustration h now in 
course of erection at Over-Darwen, and is intended to supply a 
want long felt — of additional church accommodation in that 
rapidly-iucreasing district The entire expense of its erection, 
we understand, is to be borne by Mr. and Mn. Graham, of Turn- 
croft, Over-Darwen. The edifice stands within their grounds, ou 
a beautiful site at the south end of the town, where it forma an 
imposing feature. The structure will be entirely erected from the 
stone found in the vicinity, a "strong-gritted" durable freestone 
being adopted for the dressings and hewn work, and for the 
exterior walling " parpointa." These latter are procured from 
Mr. Oniham's flag quarries, in close proximity to the new church; 
and, being set in narrow courses of from three to five inches, 
make a very pretty aud durable wall. The small plan aocom^ 
panying the view will be found to explain the general arrange- 
ments. The columns and arches, and all internal wiudow-jambs, 
arches, &c., are worked in stone, relieved by a few small detached 
shafts of polished Aberdeen granit«. All doors and the chancel 
seats will be executeil in Dantzic oak ; the seats in the body of 
the church of pitch-pine,, v.-irnished. The roofs, worked out of red 
deal or Baltic, are of massive construction. "The chancel will be 
vaulted with liood ribs, tilk d in with narrow boards, with carved 
bosses at the intersection of the ribs ; the whole being decorated 
in colours. The cost of the church will be about XOOOO. The 
architect is Mr. E. 8. Paley, of Lancaster, 
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THE ECONOMIC ANGLES IN PARALLEL OPENWORK 

GIRDERS. 

{Continued from page C9.) 

Lvt N be the number of bays into which the span S is divided 
by the points of concentration of the loading. Let d represent in 
a general manner the angle which a brace makes with the vertical 
ihrectioo, aovi V the vertical component of the stresa upon the 
brace. 

In our last paper we have shown that when N is of any pre- 
viously assigned valae. the economic values of d as calculated for 
the bracing taken alone will also be the economic values of 6 for 
the whole jjirder, that is, for the bracing and booms taken together. 
The quMtion is therefore reduced to the tlelermination of the 
e&:>nomic angles for the bracing. This, however, ignores the end 
pilLara: but as these more properly belong to the piers, and may, 
in fact, have uo separate existence, they may very properly be 
excluded from the more ^uenil investigations ; but in some of 
the examples to be given in our next paper, their iaflueuce will 
be pointed out. 

The effect of the depth of the girder upon the weight or eoti of the 
««*- — Befcire proceeding to the more imme<^^riate objects of this 
jKiper. we may here stale at somewhat greater length a fact first 
published in 1853 (see voL .wiii.t page 23fl) : we refer to the con- 
■tuicy of the amount of material required for the bracing of an 
openwork girder, when the values of S, &, W, and a* are con- 
ttant, although the value of D, and with it the amount of the 
material in the booms, m.ay undergo any degree of change. 

This will be most convincingly shown by direct calculation of 
some extreme examples. 

Let uji assume, then, as in some of tlie cases in oar last paper, 
that S = 12 units, 5= 45°, and W^6 units, and that the braces 
are in pairs, or the numbers of stmts and ties equal. 



Fie. I. 




fio. 3. 



Now, the weight of any brace is =: V. D . sec* 0.a; and since 
here we have se? 6=2, aud D = S -J- 2 N, and the portion of 
the loading at each snpporte<J point ^ "W -=- N, the material in 
the bracings for the case of a fixed load, hidf only of each struc- 
ture being taken, will be as follows:— 
Fig. 1. 

N=a 

D=l 

Fig. 2. 
N=4 

D=1'5 

N=2 
D=3 
N=12 
D=0-5 



) Bracing=(i-|-U+2j)I>2(a,+aj)=9(<i,+a,) 

} Ditto =(|-f-2i)D2(ai+o,)=9(ai+o,) 
j Ditto =(l-5)D2(fl,+aj)=9(n,+o^ 

j Ditto =(HHli+lH2i+2J)D2(ai-fa,)=9(a,+a|) 
So that, in the case of a fixed loading, there is absolutely no 
change proiiuced on the amount of the material in the braces, 
ectimated with fixed values of a, and a^ 

On the other hand, when the loading is treated as wholly 
moveable, we find that on increasing N, the increase of the 
•trenes on the braces resulting from the mobility of the load, is 
aogmented. The calculations are more complicated than the 
above; but the results given below will show the character of the 
iacranM. (See table next column.) 

If we exclude from these results the exceptional case of N = 2, 
we see that the variations produced in the amounts of material in 
the bracing, by change.s in the value of D, are very moderate, 
even when all the lo.vliiig is treated as moveable. When, how- 
ever, the question is treatetl practically, the alight advantage 
shown on the side of a high value of D will be more than 
destroyed by the neoeosary increase of a^ for the struts on acoouut 
of their increased lengths. 

*Vor Om meaiUOf of (he s}-|atiol n. vM anit fxjr I. 



N <= 


2 


4 


6 


8 


10 


D = 


3 


1-5 


1 


0'75 


0*»1 


Material in Bracine ) 

■■ when loading aU > 

fixed. ) 


= 


9 


S 


9 


9 


Material in Bracing ) 
when loading tSi > 
moveable. )^ 


== 9 


10'125 


1()3S3 


10-400 


10-44J 



The economic angles for the Jitrut* and tie* of the hnicing. — In the 
following iuvestivfation we shall confine ourselves to the consider- 
ation of structured ra.'ide up of an even number of trianciea, or, 
io other words, an equal number of ties and struts; further, wo 
will assume, that the loading is all collected at tlie upper or lower 
boom of the ginler. Under these circumstances the br.ace« are ar- 
ranged in pairs, each of which pnirs consists, as in fig. 3, of a strut 
and a tie having the vertical components oftheir stresses equal. 

Let o, represent the cost, weight, or bulk of a tie constructeil 
of the material of the ties {a—b, &c.), and capable of conveyiiij; 
one ton of stress through one foot of length. Similarly let a, 
represent the cost, or other quality to be considered, of a etriit. 

Now, all that is required is to determine the two values of ^ for 
each pair^ viz.. dj for the tie ab, and 6j for the strut cb; aud so 
long as the values of a^ and a, bear the same proportion to one 
another, the angles obtained for any one pair will be those also 
for alt the others, since the question is not affected by the abso- 
lute amount of the vertical component V of the stresses to be 
transmitted through the braces. Should, however, the ratio of a, 
to a, varj' for the different pairs, the economic values of 6 must 
bn obtained by so many independent calculations. 

Let V be the accumulated portion of the loading on the P side 
of point c and at point c, which it is necessary to convey to the 
pier on the Q side. The stresses oathe braces will consequently 
oe = V sec ft Let the depth ab = D, then the lengths of the 
braces will bo = D sec 6. The work performed by these braces 
is the eoDveyance of V towards Q, hence the amount of such 
work done by any braoe, or its efiiciency, is expressed by YD tan 0. 

Fia. 3. 




Now let it be the oogt of a brace, in proportion to the work 
done by it, which is to be rendered a miaimum; this is repre- 
sented by V sec ^ . D sec 5 . o -^ VD tau S=a sec* 6 -t- tan 6, or we 
have for the pair — 

cost^efficiency="-l5^^^^ = a^+l^«,j[j^) _ ^ 

■^ tan ^i-l-tan 6^ x-i-y ^ ' 

Let j-f-y=f. 
The cases, the solutions of which follow, are, 

1. When a is fixed, but x and y variable. 

2. When r, x, aud g are all variable. 

3. When x-^-y is fixed. 

4. VV'ben ,r or y is fixed. 

5. When x or y=0. 

Com 1. In equation 1 by substituting » for jj -f* y> anJ * — x 
for j», we get; 

Differentiating this with x as the variable, putting the co- 
efficient = 0, and reducing, we get for a minimum, when t is 
constant, 



and similarly we have 
Alienee * '■ y :. a-i 






(2) 



a,; and x—y J , aod y = * -i 
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So ihat, whatever valne may be assigned to ; the tangents of 6 
will be to one another inveraelj as the values of a. 

Case 2. We have now to determine what value of < will give 
the absolute minimum valne to equation 1. 

Substituting for x and y in equation 1, their values as given 
in equations 2, we get, 

The differentoal of this is 

-{MT^y+H^Jl-.-Wi^)' 

Putting the differential co-eiBcient = 0, for a minimum, and 
reducing, we get, 

Substituting this value of « in equations 2, we have, 

_J!2_ _2l. ... .(4) 

Further, we have, xy = 1, .-. #i -|- d, = 90°. 

Table ofSeonomie Anglo, dec, oalatlated by Equatum (4). 



«i : <h 


y- 


X. 


«. 


«. 


«. 


1 : 1 


1-000 


1000 


45» 


45° 00' 


2-000 




1-6 


0-816 


1-225 


39° 14' 


50° 46' 


2041 




2- 


0-707 


1-414 


35° 16' 


54' 44' 


2-121 




3 


0-677 


1-782 


30° 


60° 


2-309 




4 


0-500 


2-000 


26° 34' 


63° 26' 


2-500 




: 0-6 


1-414 


0.797 


64° 44' 


35° 16' 


2-121 



TtMe of Examplet. 

((| : Of 9| 9| 

X being =0 y being » 

1 : 1 64" 44' 64° 44' 

1 : 1-6 62' 14' 67' 41' 

1 : 2-0 60*46' 60' 0' 

1:8-0 49" 6' 68*26' 
We now offer some applications of these formulas. 

Tabu I. — Of rtnUU far variov examples atranffed to tdUbit the per 
eeiUage tf excess tf cost or weight or bulk, incurred by a dqurturt 
from the economic values of the angles. 

We here SMume that a.=s a. .'. 

a;*+w»+2, 
Cort or weight or bulk-f-efficiency, varies at ^ 



Caw 3. When a definite value is assigned to the ratio oi x :y. 
Let X = ey, then x :x + y ::o -.c -^ I, and 

«=#_£— and «=» 

c+1 * c+l 

Substituting these values of x and y in equation 1, we have, 

Cost -5- efficiency = ; (oi»*(^) +Oi+a8» (7:^1-) +**« } ' 

differentiating and puttin|; the co-efficient = 0, arranging and 
xedudng, we get for a minimum, 

'=($^)*-»=C^)* • • • <« 

Whea e = Qj -7- Oj^ we have the absolute minimmn as bj 
Cases. 

Table of Examples. 
Oi : a^ c. s. 0, 0, 

1 : 1 ... 2 ... 1-897 ... 82*19' ... 61° 40' 
1 : 3 ... 2 ... 2-268 ... 37*5' ... 66*31' 

Cmae 4 When a given value x, or y^ is assigned to one of the 
tangents, the other and s being variable. 
Let X be the variable tangent, then equation 1 becomes, 

Cost-r Efficiency = "-l^lf^Ml!!^ 

Which, by the calculus, we ascertain to be a minimum, when 

and simiiariy, y = ^(ijf. ^ ) . (,^2+1)-*^ \ 

Table of Examples vhen a,=2a,. 
When a:, =0-5, sr=0-8698. When y, =0-6, a;=l-4S65 

=10, y=0-7320. „ „ =1-0, ar=l-4495 

=1-5, y=0-7079. „ „ =1-5, a:=l-6225 

=2-0, y= 0-7386. 
= 4-0, y=l-202. 

Case 5. When one of the braces is perpendicular, x^ otyi= 0, 



(6) 



and equations 6 become, 



X. 


y- 


»i 


«. 


Per 
oanUce 
of cost. 


BavAmn 


1 


1 


45° 


45° 


100-00 


Absolute minimnm of coat. Pub- 
liahed in JenuMy, 1861, by the 
writer, in his "IVei^iae on 
Bracing." 


0-677 


0-677 


80° 


80* 


116-47 


Warren k Monsuu's Patent, ISth 
August, 1548. 


0-426 


0-426 


28° 


28° 


139-0 


Nash'a Patent, 2lBt Feb., 1839. 
See Newton's Journal, voL 16, 
p. 856. 


0-667 


1-066 


80° 


46° 33' 


105-69 


EooDomic value of 0, when 0, acSO° 


1-732 


1-732 


60° 


60* 


115-47 




1-414 


0-000 


54° 44' 





141-42 


Economic value of 0, when 0.=sO, 


1-000 





45" 





160-00 


American "Rider" Bridge uiown 
at Exhibition of 1851. Cast- 
iron perpendicular stmts, and 
wrought-iron ties. 


2*667 





69*27' 





170-83 


1851 Exhibition Building, 48-feet 

girders, (approximately.) 
Chelsea Suspension Bridge, prin- 


0-268 


0-268 


15" 


15° 


200-00 












cipal girders. 



Tablx II. — General Examples to exhibit the additional cost incurred by 
various departures from the economic values of 0. 
Oj is here assumed to be equal to 2a' .-. 
^ „ . . x*+2^+S 

Cost-remciency vanes at — ^3- — » and for the per oentages given 

in the table, this is divided by 2*8284. 



X. 


y- 


0, 


«, 


Per 
centage 
of oast. 


BSMAKKS. 


1-414 
1'061 
2-121 
0-707 



0-707 

1-061 



1*414 

2-121 


54 44 

46 41 
64 46 
85 16 



35 16 
46 41 


64 44 
64 46 


100 

106-20 

125- 

126- 

200- 


-\ Absolute minimum of cost 

f In these five examples the -value 
i of x+y or « is made ooastant, 
1 and =2- 121 3 or that required 


1 

1-449 
2 


1 
1 
1 


45 

55 24 
63 26 


45 
45 
45 


106-1 
102-5 
106-1 


Minimum when y = 1 


1 

1-5 

^3- 

2 









45 

66 19 
60 
63 26 









141-4 
128-7 
122-4 
123-7 


Minimum when y » 


1 
1 
1 




0-732 

2 


45 
45 
45 




86 12 
63 26 


141-4 

103-53 

141-4 


Minimum when x =1 


2 
2 
2 




0-789 

2 


68 26 
63 26 
63 26 




86 27 
68 26 


128-7 

104-46 

182-58 


Minimum whea x = 2 







1 

-/i-s 

1-6 







45 

50 46 
56 19 


176-8 
173-2 
176-8 


Minimum when a; =3 


4 

2-605 


1-202 



76 58 
69 


60 15 



148-77 
144-30 


Minimum \^en x= I 
C. F. Sydenham, cast-^w girders 
' (approx.) 



(7) 



In our next paper we purpose treating of some of we more 
practical applications of tne principles discussed above. \ 

Edinburgh. 
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FOREIGN PUBLICATIONS. 

Enofohptdie d'ArdtUecture. — ^Tbis jouraal has not of late cod- 
taiaed in its letterpress matter of a nature to interest our reaJera, 
although coany of its beautifullj executed illuatrntioua would 
h&Te afforded pleasure could we have reproduced theoi. They 
present a very miscellaueoua aaBortment of objects, 8ho\riiig the 
great variety of atyloa practised in Frauce, and evincing the 
strong hold which many of the details of the style called after 
Lonis XIV. still keep upon the public taste. Eococco work, and 
that purer style which some of the modern French architects 
bare created for themselves, by a blending of lt«naiasance richness 
with Greek mouldings and forms, ar^ executed to great perfec- 
tion in France; but there appears a striking falling off when we 
critically examine the Gothic works even of their greatest artists. 

RevuB de PArchilecturtf, — In the colnoinsof this journal a series 
of essays on coverings for roofs with elaborate illustrations are 
now appearing. The subject of tiles has been very carefuUy 
aualysed, and a large mass of valuable and detailed infurmatioa 
collected together. The improved tiles shown on some of the 
plates would be very desirable additions to the not too extensive 
list of materials available in England for the covering of roofs; 
and those of our readers who are intereste^^l in this subject will 
find it quite worth their while to consult the It^vue, where all the 
principal varieties in use in Frauce are carefully illustrated, and 
their size, price, weight, and other properties are to be found 
tabulated. Reference is also made to a series of specimen tiles of 
each sort in the Conservatoire des Arts et Metiers, a collection 
analogous to our Museum of Patents, only of a mat;nilicence in 
aoooroance with the national character of the collection, instead 
of being crowiled into a limited s|>ace and seen uuder every dis- 
advantage. The use of enamulltid roofing tiles (so little known 
in this country) and the substitution of flashings, &c. in zinc or 
Isad for fillets of plaster on tiled roofs, is strongly recommended. 

" The rougher the guface of a tile, »nd the more numerooB the comere, 
projeotiiJDs, and aojrles which it presents, and the larger the number of the 
joints in a given superficies of roof-covering, the more easily will dust 
Mttle upon it, and the more will those mosses flourish on it which rcault 
from moisture. • * • We learn, from actiud exanipl««, this lesson. 
Strons roof-timbers, inflexible battens (nr Iath»K tUest of goud quality and 
smooth surface, a sleeper pitch than that onlinarily found aulHcient, 
no external mortar or cement work, uasy ventilation of the inner face of 
Ae tiles and the battening (or lathing) ; such are thu cunditions necessary 
for a desirable covering, costing little to maintain. There is, perhaps, 
one objection which may be raised to all this — the high pric«i of its first 
oectioa. The reply to this objection is, that money exponde'l upon the 
fundamental portions {partu$tiUreis\ of a stnictuiv is always well invested, 
•ad i>f theoetbe roof-oovering is one. To stand in no danger of destructive 
and defiling infiltrations of water is somethinu!. To be talti from the cost 
Off eonstant repairs, and the necessity nf at no diKitantdnte entirely renew- 
ing th« covering, is something more. Thexe substantial advantages soon 
defray the additional prime cost ; aii<l, from this point of \'iew, the use nf 
enamelled tiles is excellent. The art of enaroeiling tiles, bricka, and 
faoiaK blocks goes bacik to the highest antiqnity. It appears to have had 
its origin in the Elast. Numerous traces of it are discovered at the foot of 
the Caucasian range, in Egypt, and in Babylonia. In those countries 
whose primeval civilization has now di>>ap)ieared, the art of the potter hiul 
attained, ten centuries and more before our era, a decree of (lerfcctii)n 
unknown at the present day to the »Kfue art among modem nations. In 
our own day, the enamelling of tiles is most fnllowe<l in Bavaria, nnd 
applied to flat tiles, either pointed or scaled on the portion exposed to 
Slgnt. The enamels are fine and the tints subdued. In France their use 
is not yet common, but is extending. Alrea<ly, subBeiiuently Uy the 
UniverMl Exhibition of 1855, it has devolo[)e"d itself in Macounais, 
Francfae Gimt^, and Picaxdy; it has long been customary to cmpluy in 
M» last-named county, Icad-enaiuelled riilge-tiles ; that is to say, pre- 
pared with an enamel principally composed of leatl ore, and approaching 
■U tones of yellow, and all lints of brown colour ; these tiles are now also 
pnpmd then with silicate of potash ; they become waterproof, and retain 
tbcff natoral colom*. At Paris, the employment of enamelled tiles is 
aaaunenring, thanks to the intelligent and active exertions of a manufac- 
tORt wholuis token up the sj^eciality, Muns. Richoninie, alrea<ly referred 
to. The B&amelled tiles of this maker are sdmilar in form to the Bavarian 
tiles, and, like them, variously oolonr«<l in white, yellow, brown, green, 
fabe, fcc, ddioate in their tints, perfectly durable, wid affording a means 
of Funnixig rich mosaics. The^e tiles, which are onlv enamelled exter- 
niQjr as fvas their uncovered part extends, measiue 0'24>;0'lS=:9ix 7 
tnolies, and are laid with an uncovered part ijiurou, almo*l the exact 
mene ef the En^ith "lap') of OOS=ai inches. The imtnted ones 
wttigh dty, O-7O8 icil., and 0*750 after a quarter of an hour's immersion in 
water; <S9'44 of them are required per square metro, and the ctirreapond- 
iBg wsighU arv iH and 52 kUogrammes. A square metre of roof covering 



in these enamelled tiles, pointed or semi-circular at the lower end, and 
inclusive of Itattens and laying, comes to 7 francs 75 centimes (approxi- 
mately equal to £'2. tSs. 6d. per English square.") 

"We may add, that the writer of this? does not mention the 
fact that enamell&d roofing tiles, especially ridge tiles, and also 
enamelled paving tiles, were, during and since the Mediieval 
period, much employed in other districts of France besides 
Pkardy. On this point the curious will find some information in 
the intrduction to the abstracts of specifications relating to bricks 
and tiles recently issued by the Commissioners of Patents. 

Motive zu Ornamentalen Zimmerwerken (Designs for Orna- 
mental Carpentry, by Louis Degen, Engineer : Munich.) — This 
work, published by the author in parts, consiats of a large number 
of sheets of quarto size, of designs for various ornamental struc- 
tures in wood, sketchiJy, but effectively, executetl in lithograjdiy. 
This sort of work is necessarily less employed in England than in 
countries where the mildness of the climate renders balconies, 
verandahs, summer-houses, and similar works, objects of daily 
use. Still these things are erected from time to time in England; 
and to those who have to design them this will be found an 
eminently suggestive book, especially in detail. Some will, 
perhaps, object to Herr Degen's designs, taken as a whole ; but 
it would not be easy to surpass the graceful fertility of design 
shown in sheet after sheet of barge-boards, finials, brattishings or 
apandrils designed to be cut out of flat boards without any 
moulding, and in seventl sheets of cleverly designed stoppings, 
corbels, ends of rafters, and other portions of framing. To those, 
too, who are aware of the vhIuc of flat ornamental gratings bs 
accessories to street architecture, the motives and treatm<?nt of 
many of the pierced patterns here given will be interesting. 

NouvtUea Annales dela Conxtruction. — New Annals of C'ountru.v 
tiou for Januarj' and February of this year are before us. Their 
contents include au account of the Suez Canal, and the methods 
of procedure adopted there, with a short resume of the histoiy of 
the undertaking. The works were commence<l in Apiil IK.'iP; 
and the motho<ls of carrviug them on are shown by illuslrulive 
woodcuts. It appears that mechanical contrivances have been, 
as far as possible, employed of a nature designed to facilitate the 
removal of the earth from the excav.itions. Sonic of thfsjt are 
interesting; but as the editor of the Annales pL-omises, at an early 
day, to give a more detailed account, not only of the marJtkiues 
themselves, but of the experience which the engineers have had 
of their working, we proj^oae to defer uur notice cf them. 



ON THE METHOD OF DETERMINING THE QUANTITY 
OF MATERIAL NECESSARY FOR THE SOILING 
OF THE SLOPES OF RAILWAY CUTTINGS AND 
EMBANKilENTS. 

Bt Thomas CABOirt, C.E. 

It frequently happens during the progress of the works of a 
line of railway in which the cuttings and embankments are of 
considerable magnitude, that due precaution is not taken to 
reserve in their vicinity a sufficient amount of material for soiling 
or top-dressing the slopes, and the consefjueuce is, that either 
they are not covered with the proper quantity, or the contractor 
is obliged to bring the soil from some distance along the line, or 
procure it elsewhere at more than the ordinary expense. 

Tlie quantity requisite for the different cuttings and etnbank- 
ments depends principally on the depths and heights, and varies 
also as the ground is more or less sidelong. 

The simplest case which can occur is when the height is con- 
stant for a given length of the longitudinal section of the line, 
and when the cross-sections also for that distance are level. This 
is shown in Fig. 1, which represents one of the slopes of either a 
cutting or embankment, the other being supposed to be precisely 
siraihir. As the soil is alvrays of a uniform depth, its quantity 
is taken oat in superficial yanls. In Fig. 1, let AB or C1)=L= 
the length on the longitudinal section, let /i=the height constant 
for the length L, and let S be the number of superficial yartls of 
soil required for both slopes; all other dimensions being in feet : 
then 

2, area of A BCD 
S= r; 



dl 
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but, from the figure, area of ABCD=ACxL, and 8 = 



2ACXL 
9 



AC is the length of the slope, and is nnknown, bat supposing b 
to be constant! "^ it always is in practice, AC depends on h. 



Fta. I. 




Now by construction AC=A*+6', and subetitoting for 6 its 
value BxA, K being ratio of slope, 

AC*=A*+R*A2=A2(1+E«) and AC=h^/^Ri) 

Putting this value of AC in the equation for S, we obtain 

_ 2An/(1+R')XL 
^= 9 

R u almost universally = f and v(r4-R*) = ^^ which gives 
us by substitution in the above equation 
g- 2*XL V13 
9 2 

Multiplying out and reducing we obtain 

S = AxLX0-4 (1) 

which is a general formula applicable to any height and distance. 
If we make L=l chain=100 feet, the formuU becomes very 

simple, for S=40A ... (2) 

if L=the statute chain=66 feet, S=26'4A (3) 

Another case which is more frequently met with, and the 
solution of which is of greater practical utility, is when the 
heights at the two ends of the given lenjrth of the longitudinal 
section are uneaual, hs is represented in fig. 2; h and A' are the 
two heights, ana the remainder of the notation is the same as 
that employed above. 

... - 2areaofABCD ,.««x. ^ /AC+BD\ 

As before S= ; areaof ABCD = Lx( — j — ) 

From above AC=Av'(l+R'), and by similar reasoning BD= 
AV(1+R*); therefore area of ABCD= 

ilx {av(i+Ii'0+.aV(i~k')} 

which gives us S= g? / (fc+ftO^O+R*) } 
Substituting for the expression \/(H-I'') it« equivalent V^^ 

JO 

and reducing we obtain finally 

S=L(A+A')X0-2 (4) 

if L=100feet,thenS=(A4A')X20 (6) 

ifL=66 feet, then S=(A+A')13-2 (6) 

Ic is evident that by making A=A', eonations (4) (6) and (6) 
became identical with (1) (2) and (3), but I have given a separate 
proof and demonstration, not only to preserve uniformity in 
the difierent examples under investigation, but because I think 
it may serve to render the subject clearer to many persons, 
ca])ccially those perusing it for the first titne. 



Equations (S) and (6) will be found particularly tueful to thoee 
engaged in making the estimates for " contract work " of a line 
of railway, as the ^und may e<>nerally be considered level 
between any two ordinates on the longitudinal section, whidi are 
at the distance of one chain from one another; unless it be ex- 
ceedingly rough and irregular, and even then any deficiency or 
excess in so inexpensive an item as " trimming and soiling dopes*' 
is not of much consequence. 

All the foregoing formulae have been calculated on the auppo- 
sition that the cross sections of the ground are level, or, in other 
words, that the quantity of soil required for one slopt is the same 
AS that which is required for the other. It is manifest that^ in 
sidelong ground, this would not 'be the case, and in some instanoes, 
where the difference of the heights on the two sides of the line is 
great, it might be necessary to allow for it in taking out the 
quantity. This might be accomplished in two ways, either hj 
applying any of the above equations, which suit the particnlar 
case in question, to each respective side of the cutting 
or embankment, and dividing the result by 2; or bv making use 
of the following formula. Let H, H', A, A', be the four different 
heiehts, then from Fig. 2, and equation (4) the number of snper- 
fical yards of one slope=L (A-f-A')XO'i, and of the other=:L 
(H+H') 01, and total number S=L (H-f H'+A+A') 0-1. which 
can be simplified in a corresponding manner for the diflerent 
values of L=100 or 66 feet In anv instance in which the side- 
long ground continued to slope uniformly in the same direction 
across the line for a considerable distance, it might be foond quite 
as advantageous if not more so, to take out each side of Uie line 
separately, and so employ the former instead of the latter 
method. 

In the preliminary estimates of a line of railway for parlia- 
mentary purposes, "trimming and soiling slopes" is so insig- 
nificant an item, that it is hardly ever taken into account; but in a 
case where the cuttings and embankments were excessive both in 
number and magnitude, and where a close and vigorous oppo« 

Fia. 1 




sition would render an equally close and accurate estimate requi- 
site, it would be prudent to ascertain its amount either by direct 
calculation, or, allow a sum for it, suggested by experience. 

In such calculations, it would be convenient to take out a whole 
cutting or embankment at one operation; and quite sufiSciently 
accurate to consider the cross sections of the ([round level, and 
consequently the area of the two slopes equal to one another. 
The following formula is general for any leneth L and numbw of 

heights A Aj A^A, An, which for simplicitjra sake maybe taken 

at equal distances; let j:=number of heights taken, then 



*-l 



(A-|-2Ai+2A,+2A3+...-fA,)0-2 



If L be taken an even number of hundred feet, as it may be in 
such examples, and let N=number of 100 feet lengths, and aUow- 
ing one pennj per superficial yard, we obtain, by putting M for 
the amount m pounds, &c. 

M= jg^j (A+2A,4-2A,+2A,-|-...-HA.) 

It will be at once seen, that where the length admits of it, this 
substitution can be applied to all the other formulie, and the price 
therefore obtained at onoe from the values of the lengths and 
heights or depths. 



Afril 1. 1441] 



THE CTVIL ENGINEER AND ARCTHITECTS JOURNAL. 



101 



ON A NEW MODE OF COKING IN OVENS, APPLIED 
TO THE STAFFOEDSHTRE SLACK. 
Br Alexandku B. Cociirase, 
(Coiidudtd from pai/e hG.) 

ly the first tlock of the uew eveos at Woodside, which gave 
the yields of coke above stated from the StaSbrtlshire alack, tlie 
purtitiou walls between the ovens were built 9 ioclies thick. It 
19 evident, however, that the tbiuner the |mrtition walla the 
Qiore perfect Is the cuuitnunicution of heat between the ovesa ; 
uid tbe writer found in the erection of the first block of ovcna 
that 1» inches make too thick a wall. The conseciueuce of this 
tuLstake was that the quantity of coke produced was not so great 
u expected, since it was abdolucely necessary to assist the pro- 
gress of the coking by a large admission of air. In Fiance, 
where Mr. Eaton made his first expei-iments, and where the new 
ovens h.ave been in operation for sevenvl years, the partition 
walls were about G^ inches thick. At tiie Briton Ferry Iron 
Works in South Wale?, where it was decided to adopt tJjis plan 
of ovens (torn the success of those at Woodside, when tliey had 
been at work only a few weeks, the partition walla were built 
only half a brick or 4^ iuche.>< thick, .ind the results were more 
satisfactory than any that Mr. Entou Lad obtained in France. 
This was to be attributed solely to the diminished thickness of 
the partition walls, an<I led the writer to test the ]K)int practi- 
cally iu tiie first block of ovens erecte*! at Turstiale. In order to 
mAKe a fair comparison, six ovons of the block were built with 
4) inch partition walls, and six with 9 inch walls. The result 
wna that iu tlie same time 12A per cent, more coal could be 
coked in the ovens separated by only 4i inch walls than in those 
with 9 inch walls. The thickness of -iji inches is as little aa can 
be safely used for the partition walla, and it was at first feared 
they mi^ht prove a little weak, being 8j feet long, with an aver- 
age height of 4\ feet ; but, bound aa they are on all edges, they 
have proved to be thoroughly substantial, and it is intended to 
adopt this thickneaa iu future. It haa already been adopted 
with perfect safety in the two instances above mentioned, at 
Briton Ferrj* and at Tui-sdale. 

The economy secured in the new plan of oven arises frcan the 
drcumslance that the heat requisite to start and urge the oven 
forward is supplied cliiefly by radiation from the partition walls ; 
and iu a few cases only, owing to i^eculiarity of coal, is it at all 
uecess-iry to assist the progress of the oven by the axlniissiou of 
air. The principle of the oven aimed at is the entire exclusion 
of air, in order to prevent entirely the waste that tiikes place by 
partial combustion of the coke in the ordinary process : and this 
object is att^iined with certain rich gaseous or bituminous coals. 
But when dealing with intractable material, air is still neeiled; 
frond 2 to 3 square inches of air space given beneath the door are 
amply sufficient to meet the case of the mixture of 45 per cent. 
of Staffordshire slack and 65 per cent, of Welsh bituminoua 
slack. Whatever air is given to .any oven, it is of the greatest 
ijuportance to introiluce it at the commencement of the coking 
p roc o BS, and not at the end. When iutroduced during the first 
period of Uie operation, its eflect is to mix with nud burn the 
gaaes which are bning diaeugaged in great abundance from the 
eoals, doing the coke very little injury; whilst its introduction 
towards the end of the operation is productive of serious luis- 
cliief, for when thegafies are beginning to clear off, tlie air la fiee 
to attack tlie surface of the coke, and does so. To this fact thera 
is a remarkable and curious exception in the case of the mauu- 
fiuiture of coke from a mixture of Staffordshire slack and pitch, 
which seems to be accounted for by the formation of a silicions 
film or crust over the entii-e surface of the coke, which most 
effectually shields it from the action of the air. Iu oil cases 
bowe^er, after the gaaea have ceased to be evolved in quantity 
sufficient to fill the oven, tho furtlier admission of air is preju- 
dicial to the finishing off of the charge, by cooling down both the 
floke and the oven which contains it. At this period of the 
operation, therefore, as ia found the case in the first block of 
ovens erected at Woodside, it La necessary entirely to exclude 
the ingress of air, in order to pevent the rapid loss of heat 
which the oven otherwise suatams. When the air is thus ex- 
cluded, the oven haa acquired a auflicient heat to complete the 
expulidou of all the gases that remain to be evolved, which are 
aeon to issue, burning as small jets of flame, from the cracks in 
the mass of the coke. The regulator B, Fig. 4, Plate V^ allows 
the ftdmisaioQ of air beyond the oven through the perforated cast- 
iron plate which covers it, forming a perfect smokia consumer. 



The area of the flue opening from the regulator into the chim- 
ney ia a matter of considei-able importance, and admits of aa 
eflicient adjustment by simply inserting pieces of firebrick in the 
passage of the flue. This ia a particular convenience, where from 
any exceptional cause the admission of a considerable quantity 
of air is needed, as already referred to in the case of the first 
block of ovens erected at Wmxlside. Here the simple reduction 
of the area of tho flue from 4.9 to .30 square inches at ita passage 
out of the re^rulator occasioned an increased yield of •> to 6 per 
cent, of coke. For with the flue full open, the drought of the 
chimney drew in more air than was required when the greater 
part of the gas iiad been driven ofl', and a surface combustion of 
the coke eusunl, with an intense heat, while the yield was sacri- 
ficed. It was found impossible to adjust the supply of air so 
nicely as to jireveut waste while the coking proceedetl, except by 
means of reducing the area of the flue, which proved quite efli- 
cient. Since in all classes of ovens perfectly air-tis;ht work can 
scarcely be secured, the regulation of the area of the flue is a mat- 
ter of importance, even where the air is purposely excluded during 
the coking, iu order to prevent it* being di-awn into the oven 
through the innumerable small interstices in the brickwork. 
The prevention nf the undue admission of air by this simple 
expedient was attended with a diminution of the quantity of 
coal which cuuld be coked in the same time; but this was coun- 
terbalanced by the increased yield of coke from the smaller 
quantity of coal charged. It may be that the checking of the 
draught has a benefacial influence, by causing the gaaea to lie 
back a little longer in the oven, and there expend a little more of 
thvir heat by being moi-e completely consumed. On the other 
hand it is possible to reduce the flue area too much ; for, when 
it was attempted to work with the flue reduced at the passttge 
from the regulator from 49 to about 23 square inches area, the 
effect ceased to be of any benefit, and on the contrary was 
slightly injurious, in retarding the rapidity of coking and per- 
ceptibly lowering the temperature of the oven. 

When tho coking is compleiol, the communication between 
the oven and the chimney is cut off by a damper, conRisting of a 
plain wrought irou plate, which prevents air from being c&awn 
iu tlu'ough the brit-kwork, whilst the coke is lying, aa it should 
do from two to four hours alter disengagement of gaa baa to all 
appearance ceased. The fact is, however, that a ulight disen- 
gagement is still, though imperceptibly, going on, which is made 
manifest by opening the door of the oven, when immediately the 
gas ia seen burning at the surface of the coke. It thus gives .in 
improved appearauce to the coke to let it lie a little, by getting 
rid of a tinge of dark colour which exists at the bottom of the 
coke if drawn too soon after being done. 

As r^ards the general aize of the new ovens, it ia thought at 
present that 44 feet external diameter will prove the most con- 
venient, aa shown in Figs. 1 and 2, Plate V. ; though at the Turs- 
dale Colliery the first and second blocks are constructwl 48 feet 
diameter. The objection to the large size is the necessity of pro- 
viding for a gieatly increased expansion of the structure. 

As regards the quantity of coke vyhich can be produced from a 
block of ovens, the second block at Woodside, 44 feet di.imeter, 
has turned out about 60 tons of coke per week during the two 
mouths that it has been in work. The first block at Woo<lside, 
42 feet diameter, haa scarcely turned out ftfi tons per week, for 
the reason already given of too great thickness of the partition 
walls ; whilst the first block at Tursdale, 48 feet diameter, where 
half the walla are 4^ inches thick, and half 9 inches, is capable 
of turning out 80 tons per week. The block of ovens at Briton 
FeiTy, 44 feet diameter with 4^ inch partition walls, is turning 
out from 65 to 7() tons of coke per week ; and so satisfied are the 
proprietors that a second block has been erected. 

As regards the time occupied in coking, in ordinary oven of 
1 1 feet inside diameter with 95 square feet of floor area will bum 
off a chai-ge of 5^ to 6 tons of Newcastle or Durham coals in 72 
houra. One of the new ovens with 97 square feet of floor area, 
in the first block at Tursdale, 48 feet diameter, with 9 inch porti- 
tiou walls, bums off 4^ tons in 72 hours with only a trifling 
difference in the gross amount of coke produced. But no ac- 
count is here taken of the irregularities to which ordinary ovens 
are subject, and of which some idea may be formed from an in- 
oident that took place with the first block of the new ovens at 
Tursdale. Bed bricks having succeeded perfectly in the chimney 
at Woodside, were employed without hesitation in that at Turs- 
dale ; but owing to the increased size of the block of ovens, 46 
feet diameter instead of 42 feet, and tho more intetue c\uue%c}A.x 
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of th«5 combuHtion of the bituminous coals as compared willi the 
mixture of Stnifortlshire nntl Welsh 8la<;k, the heat was too great, 
and caused the red brickwork to melt, and ended by cloain^ up 
every flue. The chimney was then lined with firebricks ; but 
during the time occupied in lining it, the ovons, which were then 
working in effect as ordinary open-topped ovens, worked moat 
irregnUirly, never c&me up to their proper time, and In one 
instanoe a three days' charge occupied six days to burn 
off. It is not meant that ordinary ovens would be frequently 
subject to such an extreme irr-gularity as that just mentioned; 
for, in the absence of the central chimney an oven of the 
new form is ill ailcnlatedto create a sufficient draught; whereas, 
in an ordinary dome oven with chimney at top, everything is 

i)retty favourable for the admission of the requisite air. Irregu- 
aritics of one or even two days in ordinary ovens are, however, 
of not uufrequent occurrence ; and coupled with th3 accident 
which led to the necessity of working the new ovens at Tursdale 
Colliery, without the assistance of the central chimney, they 
show of how great importance the chimney is to secure good and 
reliable results. 

The coat of erection of a block of ovens on the new construc- 
tion has been as follows at the Woodaide Iron Works, the block 
being 44 feet diameter :— 

3.1,000 Firebrickn ami alay £112 

27,000 Red bricks and mortar 83 

Cvit and wrought ironwork ftl 10 

Took 8 10 

Labour in excavation, bricklaying, and con- 
crete, iic ..'. 70 

£315 
This givea £26 fis. as the cost per oven, complete with water 
fittings, coke benches and tools, but exclusive of any attendant 
conveniences for keeping the coke in stock. The cost is of course 
subject to the addition of carrLige of materials for erection at any 
other site, and minor modifications for the variation of circum- 
stances. Where a mixture of coal is not wanted, the ovens can 
be made with a circular railway so as to be filled from the top, as at 
Tursdale, the additional expense of which is about £(y per oven. 

The coet of working the new ovens where a uniform quality of 
coal is used is slightly in excess of the working of ordinary ovens 
in one particular only, that of loading up the coke from the 
benches into the wagons. In a straight row of ovens nothing is 
simpler than to rnu a train of wagons alongside the benches, off 
which the coke is conveniently filled at one lift. Against this 
there is the advantage that the labour of cleansing and charging 
the coal in the case of the new ovens is divided over a large quan- 
tity of coke produced from the same quantity of coal ; so that 
really the di^erence, if any, is but slight. The working cost per 
ton of coke made has been as follows, in the ovens Steady at 
work at Tursdale, 48 feet diameter. 

'2 men drawing ovena, levelling &i!il«, nuuiufac- 
turing, and keeping coke benches clean, at 
Ss. each per day (co)(e ntada per day 12 

ton«) 6d.perton, 

2 boys cleansing coak and clmrging with tubs 
at 2t. Bd. each per day, to feud 3 blocku of 

oveba 

Whseling and loading coke into waggons 
Interest on outlay, say £450 to cover inciden- 

taU, at 5 per oent Ij 

Redemption in, Kay 7 yearx S) 

Wear and tear, say ] 

Royalty 3 

Total cost of coke exclusive of coals t»,7d,fmtoa 

In Staffordshire, with the mixture of slack and the charging 
done at the mouth of the oven instead of from the top, as might 
\><i expocteil, the labour is somewhat greater, while the outlay is 
about £7.'j less per block. The cost per ton of coke made in this 
case is as follows: — 

4 men drawing and obliging ovens, mixing 
slack, kc, at So. 4d. each per day, 

(coke madt^ per day 9 totw) 1». 6c/. per ton. 

Interest on outlay, «ay £.575, at 5 per cent !{ 

Redemption in, say 7 years 4 

Wnu* and tear, say | 

Royalty 3 



To the above particulars of coat it is simply neoesaary to add 
that of material to arrive at the total cost of the coke manufac- 
tured. Taking the value of a North country bituminous slack at 
3*. 6d. per ton, and a yield of 68 per cent of coke, the cost of coaU 
would be Hi. -id. per ton of coke produced. Adding this to \». ~d. 
the cost of working, the total cost of the coke into wagons would 
be 6«. Qd. per ton. It is of oourse impossible to fix on any noi- 
form price at which to charge tlie slack : some collieries produce 
" duff," as the small of the coal is calle<l, in such abundance as to 
make them glad to have a means of getting rid of it; others set a 
higher value upon it. Hence it is for each in his particnlar cir- 
cumstances to determine how far the adoption of the new system 
is economical. 

It is easier to arrive at the real cost of the coke maaufactured 
in the SUffordshire district, where slack suitable for the purpose 
can be bought in any quantity at 2». 6d. per ton. Assuming this 
price the mixture of 4o per cent, of Suiffordshire slack at 2*. 6d. 
per ton, with 55 per cent of Welsh slack at V2t. per ton, will cost 
7#. Od. per ton; and a yield of 57i per cent makes the cost of the 
coke 13«. bd. per ton. Adding this to 2a. [id., the cost of workiogj 
the t<jtal cost of the coke amounts to 15*. Hd. per ton. 

The mixture of 44 per cent of St^iffordshire slack at 2j. 6d. per 
ton with 44 per cent of Welsh slack at 12*. per ton, and 12 per 
cent, of pitch at 20j. per ton, costs 8*, Od, per ton; which with a 
yield of 62A per cent, makes the coke coat 14s. per ton. Adding 
this to is, 'M. the cust of working, the total cost of the coke from 
this mixture amounts to 16*. 3rf. per ton. 

The mixture of I'lh per cent, of Staffordshire slack at 2«. 6d. per 
ton with rilh per cent, of pitch at 20». per ton costs 7». 4d. per ton, 
but the yield in this case, is only about 52^ per cent of coke, owing 
to the very volatile character of the pitch, and the coke therefore 
costs 14*. per ton. Adding this to 2*. 3d,, the cost of working, the 
total cost of the coke made from Staffordshire shick with pitch 
alone amounts to 16*. 'id. per ton. 

As regards the wear and te;tr on the brickwork of the new 
ovens, there seems every likelihood that this is very small and 
unimportant. A small allowance has however been made in each 
of the above eatimntea of the workingcost The first block of ovena 
erectetl at Woodaide has been in operation since June l.-ist year, a 
period of nearly a year, and does not show the slightest indica- 
tion of requiring repairs to the brickwork. A little repair haa 
been needed at the door frame castings, owing to the irregular 
expansion of the casting by beat and its weak form; but the lia- 
bility to fracture in the faulty pbn first ado])ted has been in a 
great measure corrected by an amended form of frame. 

Among the advantages which attach to the new form of ovens 
is its compactness, which is of importance, and is a reason why 
the oven should be much cheaper in its construction than ordi- 
narj' round ovens. Taking the case of a double row of ordinary 
ovens placed back to back, i I feet internal diameter, the floor area 
of which would bo 95 square feet, with a flue between them com- 
mon to both leading to a chimney, such a series of 6 ovens in 
length or 12 ovens.in the double row would cover a ap.<u:e of 
ground 84 x 28 := 2352 square feet; wheresis the space covered 
by the largest block of the new ovens yet erected, 48 feet external 
diameter, is only 1810 square feet, while the floor area of each. 
oven is liXi square feet, the partition walls in this case being 6^ 
inches thick. Including the coke benches 9 feet wide, in the caso 
of the double row of ordinary ovens, the ground occupied woold 
be 64 X 46 = 3804 square feet; whilst in the case of the 48 feet 
block of the new ovens a greater area of ground is covered, taking 
a square larger by 18 feet than the diameter of the oven, giving 
Gfi X 66 = 4356 square feet; with the advantage however of larger 
stacking room for the coke, for whilst the beuchroom in the first 
case cited of 12 ovens in a double row is 84 x 18 = 1512 square 
feet, that of the 48 feet block is 2516 square feet 

In connexion with the subject of rapid coking, a few interea- 
ting laboratory experiments have been made at the writer's worksi 
The material operated upon was the coal from the Tursdale Col- 
liery, the composition of which was as follows : — 



Carbon 

Hydrogen 

Nitrogen 

Sulphur 

A;.h 

Difference (oxygen) 



81-46 
7-89 
2-91 
1-34 
8-26 
814 

10000 



Total cost of coke exdnsive of alack, kc... 2*. 3 J. per ton. The yield of coke which any coal is capable of produciog depeoda 
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in a certain mensare npon ita conatitnents. In general tb« gaseoaa 
prodnets cannot be crpeUed withont carrj-ing off with them » 
QorUfai propoirtion of carbon. Coulil all the hydrogen, nitrogen, 
•a*: ' - - - d oxygen be expelled without carbon, the coal of which 
Ui an analrsis ^hoold yield nearly 85 per cenL of coke: 

liui .... M.^lieat reuiilt obtained iu the laboratory was only GOi jjer 
cent The yield of ccike however is dependent also to a certain 
extent up:>u the rapidity with which the coal is raised to the 
eaking temperature, as the following five experiments will show. 

In the lirst experiment two cniciblea carefully covered, con- 
taining Turakle coal, were introduced into a close muffle, ho that 
access of air to the contents of the crucible was rendered impos- 
■ible. The muffle was at a very bright red heat, .ind the crucible 
having been put into it the mouth oi the muffle v^s temporjirily 
«to{i[wt|. In one hour afterwards the crucible was removed, .and 
the percentage of coke in one crucible waa 6218, and in the other 
61*28. 

In the aecond experiment a cmcible was introduced into the 
mnf&e when cold, fln<l the temperature gradually raised during 
one hour t<j cherry red, and then maintained for half an hour at 
a bright red heat. The yield in this case was 66'12 per cent, of 
coke. 

In the third experiment two crucibles were introdoeed into the 
muffle when at a bri;,'ht red heat, bat not so hot aa in the first 
experiment, and the temperature was maintained for an hour. 
One crucible gave 6-t'77 per cent, of coke, and the other 64-20 per 
oent. 

In the fourth experiment a crucible as in the second experi- 
ment was introduced into the cold muffle, and the temperature 
imiacd in an hour and a half to cherry retl, instead of occupying 
only one hour aa in the former case. The resulting yield w.hr 
67"io per cent, of coke. 

In tne fifth experiment, a cmoihle introduced into the mnffle 
at a dull cherry red heat, and kept at t}»at temperature for one 
honr, yielded 69'40 per cent of coke. A second crucible raise<l in 
one hour to a dull cherry red heat, and kept at that for one hour, 
also yielded 69"40 per cent, of coke. , 

It appears from these experiments that the more rapiiUy the 
ooal is coked or the higher the temperature of the oven into which 
it is inuxxluced, the less the yield; and this is no doubt due to 
the greater readiness with which compounds of carbon and 
hydrogen containing an increasing proportion of carbon are 
formed, the more sudden or the greater the intensity of the heat 
Oththe other hand, it was noticed in the above experinieiils that 
the coke more slowly mnde was more bulky, that is less dense, 
than that made more rapidly. Thia result fully accords with that 
obtained in some flued ovens iu the north, the invention of 
Messrs. Breckon and Dixon; the coke produced by the flued 
ovens being much denser in ch.aracter than that made'in ordinary 
ovens. How far yield is interfered with by the use of flues is a 
question which mloiita of further ln<]uiry, and .it some future 
time the writer tttny be in a position to make a comparison 
between Tursdale coke produced in flued and nou-flued ovens in 
order t<i dotenuinn tlii-j point Taking an average however of 
several sjieciuionsof coke produced in onlinary ovens from North 
oonntry coal, ti\e sptcitio gravity is only 1-00, whilst the specific 
gravity <rTn ,lilo coke made in the new ovens is 1*47. How- 
ever nin 10 this high specific gnivity of the coke may be 
dne to - ii-nble peculiarity of the coal, it is evident that 
in the new mode of coking both yield and density are secured. 
There is a'further objection to coking from the bottom of an oven 
up" in ovens having flues underneath the fliKjr, from the 
f'" ■ two processes meet in an irregular plane about one 
third ol [ir. way up from the floor of the oven, and there result 
two meft;uie3, so to speak, of coke. This is perhaps a trivial ob- 
jection, ijasniuch as it interferes only with the commercial ap- 
peamnoe'of the coke, and is no real detriment to its quality; still 
It is one vhich is obviated in the new ovens. 



Mr. Cochrane exhibited specimens of the coke made in the 
ovens, illuaii-ating the respective binding properties of the diffe- 
renl mixtun^ of slack employed, and iu t},o course of the discus- 
sion upon tLie paper observed that the main object of the phin of 
coking now jlescribed was to eflect economy of material in iron- 
work*, by milking use of the great quantity of fine slack that was 
at |ire«eDt turowu away as waste; which was of particular impor- 
tanoe is the pontb Staffordshire district, where they were gradu- 
tOj gvtttog Ishort of material by the rapid couaumptiou of the 



thick coal within the limits at present worked. Attempts had 
previously been made to coke the tine slack by itself, but had 
quite failed; and he had then tried it mixed with Welsh bitnini- 
nous alack, to impart the requisite binding propert)', and with 
pitch. By thia means the refuse ordinarily thrown a%vay was 
converted into a coke even superior to the best coke made from the 
large thick coal, the proportion of pitch mixed with the slack being 
about 27A per cent of pitch to 724 of slack. The coke obtained 
had nil the excellent qualities of the thick coal coke, and the 
same freedom from injurious ingredients, since the pitch imparted 
no noxious elements. In bringing the subject forward for dis- 
cussion his object was to show the practicability of the plan by 
the resnlts already obtained; and also to ascertain how far the 
same process was capable of being extended to other non-caking 
coals, ai»d whether the new form of ovens was suitable for 
other districts, as had already been found to be the case in 
the truils of the ovens at Tursdale with North country' coals 
and at Briton Ferry with South Wales small coals. He was 
indebted to his son for carrying out the several experiments 
that b.id been made with different mixtures of slack. If a 
smaller proportion of pitch were used with tho slack the mix- 
ture was not sufficiently binding, so that the coke produced would 
not hold together, but came out of the oven all in small pieces. 
There was not the lea.<t accumulation of dust iu tho Hues, tho 
draught on the ovens being so strong aa to carry off any tino 
particles of alack. 

Mr. Samuei. Li-otd suggested that a saving might be made by 
placing a vertical boiler in the centre of the block of ovens, where 
the cbimuey at present stood, so aa to economise the heat p-assiug 
off from the ovens. He thought the heat would be fonnd con- 
siderable from so many ovens, as four moderate sized coke ovens 
at their works at Wednesbury gave heat enough to raise the 
steam of a boiler 28 feet long and 8 fact diameter. Tho chimney 
might be placed in any convenient position near, with an under- 
ground flue to it from the ovens. 

Mr. CocuRAXE replied that in this instance tho boilers were ton 
far off from the ovens to make that practicable ; and it would bo 
a question whether it was really advisable to encuuil>er the ovens 
with a boiler, as there did not appear to bo gjis enough escaping 
from the chimney to be worth the trouble ol saving. He further 
remarked that the new ovens had an important advantage in the 
greatly increased density of the coke producetl, which had a great 
ileal to do with its quality as fuel and its value in the blast 
furnace: with the mixture of fine slack and pitch, the specific 
gravity of the coke produced was as much as I'S.^ or VM; and 
the Turs<lale coke made in the new ovens haii a specific gravity of 
r47, while that of the best North country coke .scarcely re.icLeil 
1"00 in the regular make. This showed clearly the importance of 
prev«ntiug the waste of so much valuable material out of the 
coke, which at present took place with ordinary ovens. The 
specific gravity was ascertained by weighing the coke solid in air 
and in water. 

In reply to a queation ajs lo what was the v.n}ue in the blast 
furn.<ice of the coke make by the new method, as compared with 
the best North of England coke, Mr. Cochrane said that there 
was no question as to the superiority of the StifTordshire slack; 
it made a better and purer coke than the North couutry coals, 
whether coke<l with pitch alone or with a mixture of Welsh slack 
and pitch. With Durham coke they were not able to make a gootl 
open-faced grey forge pig, but with this coke good grey pig was 
regularly m.ode. It also gave a better yield in the furuaw than 
either the Durham coke or that maile from the thick coal. The 
slack was not picked or cleaned in any way before coking, but 
was put in the ovens just as it was thrown over the bauk; the 
fine sLick that he was u-sing was the refuse left after the 
coarse slack hail been serf ened for making what was ciiled breew, 
to be nsed under boilers and for other purposes. In this way 00 
tons of good coke per week were now being produced firom refusQ 
Coal slack, previously of no value wh-itever. 

In answer to an inquiry whether the mixture of Welsh slack 
or pitch alone produced the cheapest coke, Mr. Cochrane said 
tliat the coke mode with pitch alone was the cheapest at their 
works at Dudley, about 1*. per ton cheaper than with Welsh 
slack, on account of the price of the Welsh slack and the cost of 
conveyance from such a distance. The cost of the two modes of 
coking in any locality depended of course on the relative cost of 
the materials for mixing; and the estimates! cost given iu the 
paper was of a general character, based upon the ftdl market 
value of the pitch and Staffordshire sUck, whioh however had 
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b«eD obtained at a lower rate in this particular instanco at their 
works at Dudley, The mixture with pitch alono gave the coke 
tliat made the best imn; with this coke grey forge pig irou could 
be produced with great fiicility, as the sulphur coutaiued iu the 
coke wa^ not more Ihaa 08 per cent, whikt that quality of iron 
could not lie made with Durham cokes at all. 

Air. J. Paiiokn obaervwl that the economy and advantage of 
any mode of cokinj» would vary much in different localities, 
according to tlie quality and coat of materials iu the diatrict. In 
Staffordshire it waa a great object to ecouomiae the wajste alack 
now thrown away as useless; ami the plan of coking just described 
converted into a valuable fuel what was otherwise worthless. In 
some parts of South Wales aUo there was material which had 
never before been converted into coke, such as tlie Aberdare slack 
and other smidl coals, and this was now coketl iu the new ovens 
by mixin? with it a portion of bituminous slack. In other part3 
of South Wales however the case was not the same, the cost of 
slack being not more than 2*, or ;i*. per ton less than that of the 
whole coal : where the slock was bituminous it made good coke 
by itself without any mixture, and anthracite slack was mixetl 
with half as much of the bituminoti!i slack, producing one of the 
best bhiSt-furnace cokes in South Wales, which cost only 8*. Grf. 
or 9*. per ton. The vidue of the new ovens he thought had been 
rather understated iu the paper than the contrary, the coke haviug 
being weighed dry immediately on being drawn; but if stacked 
and left exposed to the atmospfiere some time, as was usually the 
case, it absorbed a cousifJerable pi-oportiou of moisture, which 
increa.s6d the apparent weight; aud iu estimating the commercial 
vniae of the colie as coui|>ared with that made in the ordinary 
ovens, both should be weighed under the same conditions. Even 
without this precaution however, the new ovens appeared decidedly 
snpcrior in yield; he was satisfied they would yield in regidar 
work as much as 70 to 75 per cent, of the coal used, and knew of 
one instance in which the yield reached 78 per cent., when the 
coke would have weighed still more if it had been left stacked after 
drawing. As regarded the duty of the coke in the blast furnace, 
he had seen the new ovens working at the Briton Ferry Iron 
Works, and was informed by the furnace manager that the coke 
from the new ovens did fully 7 per cent, more duty, and was a finer 
coke than any made from the same coal iu ordinary ovens, The 
new ovens had therefore a superiority not only in the greater 
yield and densityofthe coke produced, but also in giving the meaus 
of making a commercially valuable coke from a material never 
before successfully employed for any useful purpose; aud he was 
sure the economical using up of the vast quantities of waste slack 
at present tin-own away was a most important problem for the 
future prosperity of the South Staffordshire di-strict. 



ON THE rUESENT ASPECT OF THE FIXE ARTS IN 
ITALY, WITH ESPECIAL REFERENCE TO THE 
DECENT EXHIBITION IN FLORENCE. 
By M. DiGBY WvATT, Architect. 
(CondmJfd from iftf/e 76. j 

Is dealing with the subject of oruamental carving iuwood, we 
have alrea«ly taken cognisance of one of the most important ele- 
ments esaeulia] to the production of l>eautiful furniture. There 
remain, however, two or three special processes, which have been 
classed by the Florentiue ('ommiaioners under the head of Furni- 
ture, and which uifiit |»arlicu!ar attention. 

The most importjint of these is unquestionably mosaic in pietr* 
dnre, gla*«, &c. ; and the .second, that form of mosaic which con- 
sists iu the inl.iyiiig of different colour©! woods, and which we 
generally understand by the name of marquetry. 

The former of these processes embraces two distinct varieties, 
the one suited for internal use only, aud the other for both external 
and iuteruai use. 

In the first nametl class, the now royal, but fonnerly grand 
ducal manufactory, for the execution of what we know jis Flo- 
rentine mosaic, natuitdly occupied the uiost eminent position. 

Having, in a report I'wiw employed to write for the Board of 
Trade on a class iu which the productions of the grand ducal 
manufactory were included, iu tlieyear 1».05. gone at some length 
into the subject, I need not recapiiulato the details I then col- 
lected concerning the history and character of that establishment. 
I may, however, state that the same technical perfection which I 



had then occasion to praise, and the same faults, as it appeared to 
me, of judgment in the general design of the principal objects 
which I thou pointed out, may still be considered to characterise 
the productions forwarded to the exhibition under notice. 

Thus the principal object, upon which, it is said that vast sums 
of money and very mauy years of labour have been laviahed, the 
nltar frontal for the Chapel of the Medici, in San Lorenzo, is, it 
appears to me, altogether a mistake. With extraordinary patienoe 
and skill, materials of the most precious kinds have been selected 
and fitted to one another witli microscopical precision, in ortler to 
reproduce a picture of the "Supper at Emmaua ;"and, after all, 
wonderfully, but not successfully. In other objects, such as a mag- 
nificent table top, in which flowers, fruit, and birds are introdueetl 
iu combination with conventional ornament, a very mnch happier 
result is obtained. The best understood, however, of any of the 
productions of the royal manufactory, appeared to me to be the 
fine wardrobe in walnut wood, inlaid with panels of pietre dure, 
limited in design to almost entirely conventional oi-naraent 

Private mauufactui-ers have during the last twenty years been 
creeping up in excellence, as the grand ducal school has been some* 
what losing it.s old monopoly of excellence; and we now recognise 
specimens forwarded from private studios of almost equal merit 
to those wrought at the government establishment; thus, iu point 
of pictorial mosaic, the centre and medallions of the great table 
executed by Biauchini, are more effective than the tour de force of 
the royal fabric, the " Supper at Eramaus," although perhaps not 
quite so perfect in execution. In the centre of this table is a pic- 
ture of the adoption of Giotto by Cimabue, executed with extra- 
ordinary delicacyand dexterity. Among the highly commendable 
specimens of this chiss of mosaic are also the table tops executed 
by Francesco Betti, and the Brothers Lattici, of Florence. 

For those whose pockets are unprepared for such drafts as the 
purchase of any of these splendid works would necessarily make 
upon them, similar objects, made in scagliola, and producing an 
e<iually brilliaut effect, may be obtained at greatly reduced prices. 
One slab, executed by Picchianti and 8on, of Florence, none but 
the most experienced eye could detect as being an imitation 
instead of an original. 

Of the various materials in which pietre dure slabs are inserted, 
none .appear to me to blend with it more successfully than ebony, 
and this happy union could not be better exemplified than iu the 
beautiful little casket executed by Barzanti of Florence, which, 
both iu the excellence of the mosaic and the taste with which the 
object is made up, could scarcly lie exceeded. 

In addition to mosaics formed with natural atones and marbles, 
some specimens of an agreeable, though rather too brilliant effect, 
formed by the insertion of artificial aventurine (made iu glass) 
into marble aud metal work, were exhibited by Signori Bigaglia 
of Venice, and, being a novelty, appeared to be nighly appre- 
ciated by the Italians. 

The other branch of mosaic based upon ancient Roman and By- 
zantine procesijes, is an art which liiis been steadily kept up in 
Italy, partly through the mainten.ance of the great Papal manufac- 
tory at Rome, and p.artlythrough the uecestdty of constantly supply- 
ing workmen and materials suited for restoring the great monu- 
ments scattered throughout Italy and Sicily, enibelliabed both, 
within and without with this luxurious decoration. 3ut it is only 
recently that an attempt has been made to organise ^uch facilities 
of pro<Iuction as may enable private manufacturers t© offer their 
works in this department of industry for public s,ale. 'rbere seems 
every reason to anticipate that this industry will as.^tae large 
proportions, from the demand existing for such arclkitectui-al 
accessories, not in Italy only, but in all the hig)d>' civdised 
countries of Euro])©. The best specimens were thoae^sent by 
Salviati aud Vinceuzo Redi, of Venice, one a representatV'^ of St, 
Nicholas, from SL Sophia at Constantinople, evidencing* T>ower 
to reproduce the ancient Byzantine processes, and tbi^^ other a 
figure of Christ, fn)m St. Jil.ark's at Venice, exhibitinfj *n equal 
niJisteiy over the Gneco- Italian procusses employed iiitiiat cathe- 
dral. Another competitor for patronage in this de]i:irtment of 
industry was Antonio Gazetia, of Venice. In all of t^ese works 
the difficulty of producing good flesh-tinta and prope ilj vitrified 
gold-ground mosaic, appeared to be successfully oveniotne. 

In ghisa, I am aoi-ry to say, there was but little to jwaiae, with 
the exception, perhaps, of the ruby glass of Piezaro, npftr Or\-ielo, 
the -Stained glass generally being inferior to coulenJpOTnry pro- 
ductions iu France, Germany, and England; while! »n cut and 
awt gbiss the form and ornaments were poor and nnworlhy of 
notice. How much of the reproach of insignificftt^oe in tUis 
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dtpurtment might have beeu retuoved had the eatablishmenta of 
Mnnwo freely ountriboted the results of their beat exertioita it ia 
difficult to aay. Let iis hope that whenever the next Exhibitioa 
of the products of United Italy may take place, the desceudants 
uf tbom who in the old time thought it uo degradatioa to their 
nobility to be musters in the craft and mystery of glasa makina:, 
may socoeaafuily vindicate their forefathers' repntatton. lu 
ceramics, however, there was much to iutereat. 

At the head of this branch of industry stood, witbont a rival, 
tJie Marquis Ginori, who now sustains, to hia own credit no less 
tlian profit, the old fivctory at Doccia, founded in 1735 by one of 
his ancestors. In fine porcelain the productions of the establish- 
ment leave little to be desired as to the quality of the paste, but 
the painting is as yet unequal to the exculleuce of the mate- 
rial. The most remarkable and cbaractoriatic of Ginori's produc- 
tions are the imitations of ancient majolica, for hia improvements 
in the manufacture of which the marquis gracefully acknowleilges 
hirastlf indebted to the talents in chemistry of one of his proteges 
aud asaislanls, Siguor Giusto Giusti, whose death in If.jS, while 
scarcely in the summer of his intellectual powers, may be a 
source of regret, not to the marquis only, but to all Italy. 

Many of these imitations of ancient majolica, and more particu- 
larly of the Fontana and Zocelieri types of it, are so ably executed 
as to imperil inexperienced collectors, who are too apt to believe 
that it is possible to obtain by chance objects for ten pounds 
esgwrly sought after by many really well informed in such matters, 
who would not hesitate Ut give ten times the sum for umioubteil 
Bpeclmona of the works imitated. Let one and all discird such 
vain illusions, and beware of either too cheap or too dear artkiea 
de rvrtu, in Italy. 1 was happy to notice that some of the most 
grsceful of the Doccia productions were purchased by Euglish- 
meu, and among othei-s, one of the smallest but prettiest, by our 
friend Mr. Grace. 

In one of the great difficulties of the potter's art, that of buni- 
ifig large gix>up8 in biscuit, and allowing them to cool without 
cracking, ihe Marquis Giuori has not proved altogether suc- 
oessfol, yet the design and modelling of nis principal specimen 
dewrred a more successful treatineutin firing. 

Although be ma)' be considered as without any serious rival in 
the production of porcelain, in some of the appliances of earthen- 
ware with enamelled glazes he meets with competitors of almost 
equal ability. Thus, in the revival of pavements similar to those 
which floor the celebrated loggie of the V.itican, made it is believed 
by Girolamo della liobbia, Bernardino Papi, of Sienna, proves 
himself a thoroughly capable manufacturer. As also in Ginori's 
revival of the Luca deila Robbia w.'u-e, others of the Lombard 
potteries prove that he his not alone in his knowledge of the pro- 
cesses by which such objects were anciently wrought. 

In ordinary terracotta, such as those suited for stoves, Inrge 
garden flower pots, and architectural ornaments, liacci of Flo- 
rence, Carlo Vauni of Impruenta, ne.ar Florence, Filippo Martinez 
of Palermo, and ItafauUe Piegaia of Lucca, exhibit very excellent 
productions!, thereby demonsti-ating how widely a knowledge of 
these processes of old repute iu It;dy is spread. 

Nor ia it alone iu quality tliat the specimens forwarded by 
these mannfacturers excel, since in price it would be difficult in 
any other country, I think, to m.'itch them. For example, really a 
graceful stove iu terracotta, burnt by Furlaui, and such as in 
^is country, I believe, would not probably be procurable under 
£3, I IiimI the pleasure of buying for 2^5 francs, or .£1 ; a much 
more ambitious and larger stove, of the same kind, by Ginmi, 
was priced 80 francs, or about £3 it. It is much to be desired 
that the L'ommiltee of Fine Arts for the decoration of the Horti- 
cultural Society's grounds at Kensington may find Kn^lish manu- 
f«cturers equ.al to tho productions of vases and other features for 
the embellishment of gnnleus at similarly r&isouable mtes, since 
not a few proprietors of luoro modest gardens throughout the 
country are craving for audi objects at prices a Httle less extrava- 
pnt than those they cannot avoid ])ayiug now if they would 
introduce any similar ornaments amidst their shrubs and flowers. 
In ordinary tiles of inlaid clays suitable for mosaic, the Cavaliere 
Avila Altoviti, of the Val d'Arno, reigns supreme. 

Marquetiy — mosaic iu woods — is an art of oriental origin, 
omnmuiiicated to and almost entirely monopolised by the Italians 
for several centuries of the middle ages. In the North of Italy 
it ia still highly popular, aud both at Paris, in lb6ft, and tlie pre- 
MDt exhibition, numerous specimens were to be seen — not in all 
CMC* mtliciently ([uict in colour, or well understood in application, 
\m alioost inv.iriabiy well aud boldly executed. The absence of 



Gatti, of Bome, whose ivory and other inlay was. so highly 
odmii'ed at Paris, is greatly to be regretted, as nothing in this 
Exhibition is equal to the small cabinet he there exhibited in 1855. 

The best specimen of inlay, aud probably one of the best of 
furniture in the whole Exhibition, ia presented to ua in the table 
for a grand saloon, made by Guiseppe Fontana, of Pisa. This 
piece of furniture ia in fine old Sieuuese style (that which shortly 
preceded the year 1600), and leaves little to be desired. The 
remaining furniture in tho Exhibition is of good average quality, 
requiring no particular remark, if we except the good lac-work, 
in imitation of Chinese, of Luigi Zampini of Florence. 

Some buhl-work was sent from Genoa, by Jacinto Grosao. In a 
carved picture-frame, by Lorenzo Papi, of Florence, I observed a 
particularly pleasing effect protl uced by placing walnut wood carved 
in open work over a gold ground. I need scarcely note how good 
and cheap, and how well gilt and burnished the ordinary carved 
picture-frames of Florence now are. 

The class of silk fabrics will no doubt, be so ably noticed by my 
friend, your vice-president, Mr. Winkworth, that I need do no 
more with respect to it aud other textile fabrics than remark that 
as fieu- as my powers of observation extend, in none, with the ex- 
ceptions of the embrioderer's art, was there any great evidence of 
able design iu connection with their production. 

In carpets the Italians are altogether behind-hand; but some of 
their silks aud velvets for upholstery, particularly the latter, are 
by no means bad. I did not notice any good lace in the Exhibit 
tiuu, but both at Venice auvl Genoa I have seen modern nearly 
cfjual to the old. iSome of the flue thread needlework on cambric 
was exquisite. 

In book production and decoration, although the glories of the 
classic printers of Italy — the Aldi, Giuntus, Giolitoa, and Ikxlonig 
— were not perhaps fuily sustiined, there were many evidences of 
excellent capability. In bofjkbiuding, particularly, the houses of 
Vezzosi of Turin, and Binda of Milau, took very high places, both 
for excellence of work aud taste in the application of ornamental 
design to the requirements of their special branch of industry. 

We have alreaily noticed the perfection attained by the Itdians 
in engraving and chromo-lithography, arts now all but imlispen- 
sable to the perfection of luxurious typography. It remains only 
to say a word or two in vindication of the national powers in the 
art of engraving on wood. I observed scarcely any specimens in 
the Exhibition, but in contemporary' publications, and more par- 
ticularly in the Giornaie dtW Etpoaizione Ilaliana, I noticed many 
examples of fair average excellence. 

Such are a few ol>9c'rv.ation3 which occur to me iu respect to 
the present Itali.iu industry, as exemplified by the products dis- 
playetl in the Exhibition at Florence, and with your permission 
I will now proceed to add a few remarks toucliing the even more 
important question of the possible Italian Art-lnduatrial future, 
as now foreshadowed. 

As there can be no fire without fuel, so there can be no fruitful 
production without education; and it is from the withdrawal of 
the restrictions which have hitherto tended to discourage every 
class of practical instruction, throughout most of the States into 
which Italy has been divided, that the probably most prolific 
som'ce of future benefit is to be anticipated. Thus m the fine 
arts, although many costly literary works — such as the '^History 
of Painting," by the late Professor ItoEsiui, of Pisa; the ''lUus- 
tratioua of the Certoea of Pavia," by Durelli; of Milau by 
Cassina; of Venice by Cicognara; of Ancient Art by Cauina; of 
the Museo Borbonico, by the Neapolitan Government; and of 
the Florentine and other academies — have been produced, mainly 
in answer to a foreign demand, there is an almost entire blank in 
lliie contemporaneous supply of what may be understood as Echool 
books of art fit to phice iu the hands of workmen aud students, 
Since the d.iy3 of Meogs, Algarotti, and Visconti, but few Italian 
writers have followed closely those theories of aesthetics which 
have hirgely engaged public attention in Germany, France, and 
Englaml, and still fewer have endeavoured to methodise aud 
popularise those texts for the practical instruction of the student. 
Gioberti's eloquent aud learned essays, " Del Buono," and 
" Del Bello," are far too ethereal to be palatable to the general 
reader; while the master mind of Nicolini, the early bent of which 
incliued strongly towards the solution of art questions — as 
evidenced in his excellent discourses on Oicagna, Michael Angelo, 
Leon Battista Albert!, on " The Connection between Poetrv and 
Painting," aud on " The Influence of the arts on Social Life"— 
became subsequently engrossed by political, literary, and cduca* 
tlonal questions, of even more serious import to Italy. 
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•Among modem writers on the Bubject of the fine arts, the 
Coniil Salvatieo, the Mai'chese Iticci, anil the Marchese Roberto 
D'A7-eglio, may Iw considered as having eflected the largest 
auouut of good; but tliere is still much to be hoped for, now that 
it is iwBBible for the books publiahed in one part of Italy to be 
i-eail in otbera, besidea those in which, having eluded the Scylla of 
slate censure, theywere imperilled and imprisoned by the Cha- 
rybdia of heavy and almost impassable barriers of state dues and 
ioquijjitori^ poUc«. 

To the workman, however, there are practical Bocrces of instmo- 
tiou even more valuable than the text books of bi« art. These 
are to be recognised in the works of hia contemporaries. What 
can be imagined more inatructlve for an apprentice than to have 
placed under his eyes the best performances of his master con- 
trolled with those of other monufactiirers ] What more benelicial 
than to be able to examine the proiluclions of those who in any 
e|)ecial branch of industry are superior even to the master he has 
been accustomed to recognise as to bim its practical bead? Such 
iuatructioD is to be derived from Exhibitions aucb as that under 
notice; and it is to be hoped that the present may be but the first 
of a long series in which from year to yejtr, and in ditferent locali- 
ties, the Italians may take stock of their own advancement, and 
from time to time enjoy opportanities of comparing their own 
px'oductiuns with those of other, and ])erhaps in a commercial 
sense more advanced, nations of Europe. The tendency and 
uiliiuate result of such compiU'isous and such stimulant? will no 
doubt be in Italy, as their action h:»s already freijueutly proved in 
othei ctjuntries, to convert exceptional into staple prcKluctions; 
and to lead to the contirm.ation of a manufacturer, treading with 
hcsiutiug steps the path of novelty, in branches of industry ulti- 
mittely destined to confer riches and honour on the land in which 
tliey may be originated. There i*, too, in these Exhibitions a 
species of combination and subordination of means to a common 
end, the moral ert'ect of which, for the Italians especially, cannot 
but be most excellent; and may tend strongly to correct, by a 
system o( aggregation, the tendency to isolation so largely deve- 
loped, even among the working ckasea, by antecedent social and 
political restrictions. 

It is difficult for any traveller in Italy now, who may be at all 
acqiuinted with the gre.it founts of Delia Cruscan literature, not 
to recognise the deterioration which has befallen the noble Italian 
language, a deterioration commencing, perhafts, with the redun- 
dant epitheta of Marini, and continued through tlie iuauities of 
the " Compagnia famoaissima della lesina," iind of the still more 
celebrated Arcadian academy, to the present comparative decrepi- 
tude of once vigorous speech. Owing to a want of unrestrained 
oommauication, and of freedom of discussion, oral or written, on 
any but the most trivial subjects, there have been develo|^d of 
Ute years tendencies — to cling to defective patoithy way of con- 
cealing convictions on the one hand, and to verbosity, as a meaOB 
of disguising ignorance, on the other hand — which have 
nourished the weeds of both lU-Uiau thought and Itidian language, 
to tho choking up of the flowers which were wont to spring so 
spontaneously from that ancient hml-bed of civilisation. This 
will, no doubt, be speedily rectified by a free press, and that 
facility of intercommunication by means of railways, which will 
ultimately obliterate the provinci:iUsms complained of. 

The same general princijiles of repression that checked the 
development of thought, that enfeebled the l.^nguage, .and barred 
the practical usefulness of the middle classes in Italy, condemned 
almost as conspiracy any attempts in the lower cla.<Me8 to remedy 
by combination the evils incident to their being left, as it were, 
without those natural leaders in art and industry which the 
middle classes in free countries invariably supply to the artizan. % 

Another unquestionable source of probable benefit to the arta 
in Italy must be recognised in the development of ]iriuciplcs ap- 
proaching to those of free trade, as opposed to old obnoxious tiritfs, 
and in the increase of commerce and the profits arising from trade 
Hud mauufikctures to be thereby induced; for we cannot forget 
that it was out of the fulness of business profits, i-ather than any 
other sornxM, that the funds were supplied in old times which 
led to tike creation of those noble monumentti which gave to the 
Italy of the fitteeuth century its pre-eminent position in the 
history of art and art industry. 

While it is true that a high development of indastrial art is not 
OB inevitable attendant on the exifitenoe in any state of a high 
degree of social and political lit>erty, in cases where the genius of 
the people is not bent in that direction, it is certain that where 
the tendency of a population is so strongly set as to have main- 



tained daring ages of repression, and under cireamstancea of the 
most antagonistic description, sucli an amount of capability as is 
now manifested by tho Italians, those germs— dormant, or nearly 
so, during periods such as those referred to.— will fructify a hun- 
dredfold under institutions calculated to develope personal inde- 
pendence and free action in that direction towards which the 
sympathies and aspirations of an entbusiastio people oongenitally 
tend. 

A comparison of the past with the present, and a correct appre- 
ciation of the phenomena of each, may certainly justify what baa 
been predicted of the future of Italian art industry; but there 
exists yet another source from which as much fruit may be pro- 
bably anticipate<I as from any of the reliable conducing causes to 
which allusion has been made. Such a source is to be found in 
what is commonly called "the chapter of accidents." As perhaps 
the brightest, though most s-adly tarnwbed, American genius, 
Edgar Poe, acutely remarks — " The history of human knowledge 
has so uninterruptedly shown that to collateral, or incidental, or 
accidental events, we are indebted for the most numerous and 
most valuable discoveries, that it hzis at length become necessary, 
in any prospective views of improvement, to make not only large, 
but the largest allowances for inventions that shall arise by chance, 
and quite out of the range of ordinary expectation. It is no 
longer philoaophictl to base upon what has be«n, a vision of what 
is to be. Accident is admitted as a portion of the substructure. 
We make chance a matter of absolute calculation." Without 
going so far as this writer, we may yet carry a large sum to the 
credit side of our account from what mathematicians have 
designated "the doctrine of probabilitiea." 

Thus, then, it is with a hope almost approaching to certain 
anticipation, and in serious though rather than glowing sympathy, 
that I venture to augur, from the combination of the excellence 
already attained, with the facilities for progress opened by its new 
political constitution, a future for the arts and industries of Italy 
such as may place them on a level with, if not in advance of, the 
most Fiuccesstui worshippers at the shrine of beauty in any other 
country of Eun^pe. 

It remains for us now, in the last section of this essay, only to 
endeavour to derive practically the largest amount of benefit we 
can from the ]>ast experiences of the Italians, and fi-om the 
lessons which their productions past and present may teach us 
iu the present d.-iy. The most important of these, it ap|>ears to 
me, is to recognise how, under all circumstance*, the Italian de- 
mands art, not a« a luxury, but jis a necessity. If he cannot have 
it in good material he will have it in bad; but in some shape or 
other his eyes must be gratified with that without which vision 
would be to him but comparative blindness. If, for instance, the 
view from one of his saloons is terminated by a blank wall, as 
ia the fate of many of those who dwell iu our London houses, 
rather than let that wall remain a blank he will employ an artist 
to make him a design of an architecluml or pictorial character. 
That design, if his means permit him to execute in marble, no 
material will be too costly for him to employ: if he cannot have 
it in m.<^rl)le he will have it in stone; if he cannot afford it in stone 
it will be in stucco; if he cannot afibrd it in stucco he will have it 
pointed; if he cannot afibrd to pay anybody to paint it he will 
endeavour to do it himself; if he cannot paint it himself, or 
afford to i^ay for its being done, he will cover it with creepers 
— but supply his craving he most assuredly will. If we could feel 
the same active want, it is unquestionable that our greater 
amount of vital energy and greater wealth would lead us even 
better to supply our cravings than the Italian ia enabled, to gratify 
his. What then is mo.st wanting in us is an ardent desire tor the 
beautiful. I am far from saying that this desire does not exist in 
a large and rapidly increasing percentage of the English people, 
but with us it is so interjeutional a sensation as to lea<l to oom- 
pamtively little practical result. The rich man who sees a 
picture or statue which pleases him, will buy one or other, or 
Doth, but how seldom with the least consideration of special fit- 
ness for supplying any particular want — much thought of, long 
cherished, and carefully determined upon. The nature of such a 
want, and the best mode of supplying it, will occupy the earnest 
thoughts of the Italian, but with an Englishman, in a general 
way, the inclination will be but desultory, and if not supplied at 
a moment when strongly felt it will pass away, and perhaps never 
meet with realisation at all. 

Another lesson of great importance to us may be derived from 
the hcl that, both iu the past .ind in the present the Italians have 
never been in the habit of looking at any one art as perfect in a 
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oooditioQ of isolation from others. To proiluce for them the effect 
of beauty or nobleaess all muat contribute. Colour is just as 
essential as sculptureaque form, and l)oth muat be held in subor- 
dtnation by the BTiumetrical conditionB of architectonic dispoaitioa 
of lines and spaces. 

We, unfortunately, now see too many of the great roonumenta 
of Italian art stripped of half their furniture; but if, from the 
relics of perishable objects preserved in museums, such as that 
at South Kensington, we attempt to restore to those denuded 
mounments, to those ransacked palaces, " those banquet halla 
deserted,^' the embellishments we recognise as having formerly 
belonged to them, we shall at once see that the attaiument of a 
really perfect efiect in monuments, the beauty of which was do- 
pendent upon the combination of the fine art^, coidd only, in 
Italian eyes, be properly effected by aupenidiliug with profusion 
all that the iudustry and ingenuity of the moat skilful workman 
«ould produce in tlie iuduatrial arts. 

To this union of all the tine arts among themselves, with the 
industrial arts attending as their handmaids, we must look as 
the most important element in all magnificence; and if wo would 
emalate the ItAlians, we must not rest until we have learned to 
blend all cognate arts and industries in harmony. 

The third great merit in the best Italiau production, whether 
in A small article of industry or in the moat magnificent mona- 
ment, is nobility of inclination. 

The mistake, for instance, of building the front of a palace in 
stone, and suddenly dropping off, ti\e insUant the comer is turned, 
into brick, might occur to even a millionaire in this economical 
■ge, but wouhl scarcely have presented itself to a Medici, or a 
f^mese^ in the old days of Italian magnificence. Not that the 
wealtb, or the inclination to do what is handsome, might be less 
in the one case than in the other, but that public opinion and sys- 
tem would keep the patrons of old straight, and allow tliose of 
tfr-day to fall into what cannot but be regarded as an architectural 
meanness. 

It would be, of course, too hard to point to any particular 
OMM where hundreds are almost daily guilty of committing 
•imilar solecisms in taste, but unless we are to look for the exem- 
plification of nobility of structure to those whose means place it 
within their power, now can we expect it from those to whom an 
increased expenditure might be a really important consideration ? 

Nobility of material lavishly used, ample spiice, solidity of 
structure, and the gift to the eye of something obviously designed 
rather to please than to pay, together with the effect that such 
departures from rigid utilitarianism produce instinctively on the 
•pectator— sources of effect lavishly indulged in in Italy at every 
period of her history — are only beginning to be appreciated 
amongst us in the present day. 

At the times when architecta, such as Tnigo Jones, Wren, 
Gibbs, and Cliarabera, endeavoured to maintain in this country 
the principles of grand Italian architecture, founded upon the 
uaivers-al practice during the bt^at classical and raedijeval perio^ls, 
marble, oak, and stone were freely used. Corlile-s and loggias, 
colonnades and arcades, were not banished as profligate waste of 
ground and money. Carving, and the elaborate working out of 
ornamental features in true and just proportions, were considered 
to be essential to fine effects. P;untings were not to be hung as 
by accident against wtUU — here a Madonna, and there a set of 
boors drinking — but allotted places were provided for them, in 
the vaults and on the walls of the principal apartments. Sculp- 
ture, too, found its niches, and when English tilent failed to supply 
it, the services of foreigners, in despite of strong insular pre- 
jadices, were freely enlisted. And it was precisely when the 
public taste adopte<i a meaner class of building materials, a grudg- 
lag spirit in the distribution of space, and a lower kind of internal 
decoration, th.it the arts of design in this country, with some few 
honourable exceptions, fell to zero. From that pitch (if I may 
use the expression) of degradation an<l disintegration, they are 
now happily rising into a concrete and perfect form, with a reaction 
the vigour of which is scarcely to be pai-alleled in the world's 
history. We are beginning to do better in each separate depart- 
ment of production, we are beginning to recognise that excellence 
in one must necessarily be combined with excellence in others, 
and we are beginning, in fact, to learn and practice the very sys- 
tem still lingering in the hearts and habits of the Italians. May 
wieadranoe with them, and they with us — for it is one of the hap- 
piest oooditions of iill true art, that if it bo worthily carrietl to per- 
netioD, its universality must breed honourable emulation, hot 
tterer envy or jealousy. 



ON SOME RECENTLY EXECUTED DEEP WELLS 

AND BORINGS, 

By George E. Bcrnell, C E., F.G.S., F.S.A. 

(Condwled from, page 7S.) 

It may be worth while to call attention to the mechanical 
means adopted by M. Kind in sinking a boring of the large 
diameter of 2 ft. 4 in. to the enormous depth of nearly 2000 feet 
from the surface. Tho work was commenced by a shal^ as 
iisually is the case, and after it had been sunk to a depth of about 
50 feet the boring comfcenced, and was continued with as nearly 
aa possible the same diameter to the bottom. M. Kind employed 
for this purpose what may be called rods with releasing joints, 
very closely resembling the joints introduced by (Euyenhausen, 
which allowed the cutting portion of the tool to be raised a certain 
height and then to be released automatically; this arrangement 
was adopted iu order to avoid the lashing of the sides of the bore 
by the long roils, and to regulate the force of the blow. Tho 
cutting tool used by M. Kind also differed from the tools gene- 
rally employed, for it consisted of a single or a double trepan, 
according to the nature of the ground, instead of the onlinary 
chisels and angura. A patent was taken out for these tools by 
M. Kind, No 13,478 of the year 1854, the specification of which 
contains a series of engravings of the various modifications pro- 
posed for the varioxjs kinds of rock; in the Annuare Sdenlijique 
for 1S61 illustrations will also be found of the oi-dinary trep-^ns 
and of the slide joints. M. Kind is able, by these combinations, 
to strike as many as twenty blows in a minute with the greatcsjt 
regularity at a depth of 2000 feet. The patent of 1854 ajiecifiea 
also certain methods of lining the sides of the borings; but it 
must be confessed that they do not seem to me to possess any 
great merit, and indeed M. Kind had more difficulties to encounter 
at Passy from the collapsing of his tubes than from any other 
cause. It is a common error of well-borei's to undervalue the 
effort exerted by clays swelling when charged with water; and 
the great delays encountered in sinking the Passy well were pre- 
cisely caused by the false economy introduced in the execution of 
the tube linings. The time actually employed in sinking tho 
Passy well was neai-ly the same as that employed at (Irenelje; in 
the former instance it was 6 years 275 days, in the latter it was 
7 years 90 days. The cost of the Grenelle well, as above suited, 
was £14,000; that of the well at Passy was £40,000, but it must 
be observed that the quantity of water, delivered at th« same 
height in the two cases, is ten times ^ater at Passy than it is at 
Grenelle; the rates of delivery are, m fact, nearly in the direct 
ratios uf the diameters. 

I have not been able to learn whether the artesian wells of 
Elboeuf and of liouen have been effected by the completion of 
the new well at Passj*, and at present I am inclined to believe 
that they may escape this action, on accouut of their proximity 
to the entering ground of the lower green sands, on the western 
margin of the cretaceous basin. At Tours, however, so many 
wells have lately been sunk (in an early etlition of M. Degounsra 
excellent ' Guide du Soudeur,' that gentleman mentions that he 
himself had executed no le,s8 than sixteen of them), that the sub- 
terranean supply is becomingexhausted, and, asinthecase of the 
wells supplied by the basement beds of the London clay, the lower 
green sand wells are gradually losing their artesian character, In 
two wells also, at Evres and Ferrieres, the subcretaceous forma- 
tions yielded no water; and in the latter the bore was even carried 
to a depth of 30 feet in the great oolitic, orJara limestone si^ries, 
without obtaining a supply. I call especial attention to this fact, 
because it illustrates again the uncertainty at all times overshadow- 
ing the execution of the first deep wells in a particular district, and 
that the stratum which yields water in one locality is likely to be 
unable to do so iu another. The enterprising gentlemen who are 
engaged at the Hastings well should bear this fact in mind; and 
thouKh I believe that after they shall have traversed the lower 
members of the Wealden series, they are more than likely to fiml 
the upper or Portland oolite, which is of sufficient water-be.iring 
power to insure them a gofnl supply of water, they must also be 
prep;ired for disappointment. The Hastings well is already 553 
feet deep, still in the Hastings Ijeds, and as tliese have never yet 
been traversed, it is impossible to say whether they will be found 
to be seven or seventeen hundred feet thick. Most probably the 
former guess will bo found to be the more correct, because the 
town of Hastings is situated at a low horizon in the series of 
Weald beds; but all operations of this description at Hastinga 
must for the present be conducted la doubt as to the ultimate 
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result, however itroDg may be the hopes of success. Tlie character 
of tlie strata alrmdy traversed, und of those likely to l>e met with 
at IT.iBtiDgs, leatls ine to Wicve that M. Kind's processes wonld 
be jviniciilarly ai>plic8ble there, but the success of such an opera- 
tion would still t>c a mere matter of specniatioD, such ob ought to be 
left to private enterprise. 

I dwell a little on this point, because the Board of Guardians 
of Brighton are engaged opon a eimilar experiment, at a place 
called the Warren Farm, near that towTi. It is not my place to 
criticise the mode of execution adopted in carrying an this work, 
bnt I cannot refrain from ^yingthat the* are many things about 
it which seem to me to be in opposition to the opinions now 
entertained by scientific engineers; and I gr&vely suspect that, 
even if water from the suhcretaceous formations should b« obtained 
at this well, it cannot by any possible chance rise near the sur- 
face, which, at the Warren F.>tnu, is not less than 410 feet above 
the mean tide level. It is inexpliciible to me also, that this well 
Bhould be continne<l by means of a shaft at llae great depth 
RlreH<ly reacheil, iu^tteod of by means of boring; and I regret 
bitterly to seenn experiment, which has been carried on hitherto 
with so much spirit, compromised by what I consider the mistaken 
course latterly adopted. At Brighton, nevertheless, the only 
chance of securing a supply in the parts of the chalk basin lying 
Ijeyond the influence of the faults or "cross throws," which have, 
for instance, enabled the Water Works Coni|)any to ohlaiu, as is 
said, one million gallons per day, is to penetnUe the chalk to tlie 
lower green sand. Notwilhattiiiling the cost of the previous ex- 
perimentid borings in the surronndrng counties, 1 am convinced 
that the cheapest manner of effecting this oliject would have been 
to have bored, rather than to have sunk a shnft, and even now the 
Guardians would do wisely to adopt this course, especially as 
theirs is really the first experimentiil shaft or boring on the east 
Imnk of the Aran. It is, however, a sad peculiarity of the 
municipal bodies of England, that they are always disposed to 
listen to those whom it is tlie fashion to call "■ pr.ictic.il," in con- 
tradistinction to "scientific" men, as though the mere fact of 
vorkiDg ''by rule of thumb" gave men truer insights into the 
laws of n.iture than long sti;dy and careful observation. At 
Brighton this seems emphatically to have been the case, and in a 
report addressed to, and received by, the Board of Guardians, 
the opinions of three practical well-borers are quoted as to the 
probable cost of continuing the well .it Wan-en Farm, but no 
opinion seems to have been asked from such men as Mr. Hawksley, 
Mr. Mylne, or Mr. Homerahiim, who have brought great expe- 
rience and deep study to be.ir on the hydrographical conditions 
of this district on otlier occasions. It is one of the fashionable 
theories of the day that a scientific educAtion incapacitates a m.in 
for the exercise of a profession, and that the most able men in 
any branch of art or science are those who have not been broueht 
up to pursue it. Under these circumstances it may not be sur- 
prising, however unfortunate it may be, to find empiricism pro- 
fert'pi] to science, or that the Brighton Guardians should avoid 
taking the opinions of really eminent engineers. 

In stating, in the previous part of this paper that I should 
return to the question of the abnormal beds met with at Uigh- 

te, I had especially before my mind's eye the cases of the well 

nk under my own orders at Waniham Court, near Horsham; 
and at Bed Hill, by niy fi-iend Mr, Docwra. In the former case, 
the boring, alter it had been carried through the sandstones, 
cl&vs, and shales of the upper Wealden deposits, passed at a depth 
of 145 feet from the surface into a bed of red clay and sandstone 
intermixed. At first, I believed, from the external characters of 
the materi-ils, that they were of the same nature sis the beds 
found at the bottom of the Kentish Town well, and 1 was sup- 
ported in this opinion by several distinguished geologists to whom 
I showed the samples. As the Kentish Town betls were, ut the 
time I refer tn (about five years since), universally considered to 
be members of tlie new red sandstone series, of course I regarded 
the Wamham bed as one of the same range. But Mr. Docwm, 
at Bed Hill, after he had traversed the sands and loams of the 
taceous series to a depth of 43N feet, fuissed into a bed 
posed of red olaya and particles of red sandstone, which were 
identical with the Wamham beds, and with some roembPTsof the 
Wealden series. It seems therefore to me to be very probiible 
that the Kentish Town beds may be members of the Wealden 
series, but the solution of this question h&st simply a geological 
interest, for alike, the Weald cla.vs and the new red sandstone 
clays, are witliout water; and, under these circumstances, the 
nusest course to be adopted tiM.s to stop the further progress of 



the works in all such cases as Wamham and Red Hill, unless 
they were carried on distinctly as philosophical experiments. 

The well at Rugby, though it has proved to be, no doubt, a 
source of annoyance and disappointment, may eventually tnm 
out to be of inifiortauce to the commercial intei-esti of the locality. 
It was commenced with the hope of finding in the new red sand- 
stone series under the lias, some water-beanng strata which might 
be able to furnish a supply to compensate for the deficiency under 
which the town of Rugby was suffering, after it had been put to 
the expense of carrying out the absunJ crotchet of the so-called 
"gathering grounds" system. A boring has here been carried 
down to a great depth in the new red sandstones of the triassic 
group, which, at Liverpool and Birkenhead for instance, frequently 
supply large quantities of water. At Rugby, however, the boring 
at present has only yielded a brackish water, and I suspect that 
now all hoj^es of securing the result liesired by the Local Board 
of He.ilth by this well must be aUmdoned, unless the Boartl 
determine upon tubing the bore-hole throughout its length, and 
upon contiuning to sink to a much greater depth. It is possible 
that, within a mo<lerate distance from the bottom of the present 
well, stronger brine springs than those now brought to the sur&ce 
may be found, which it would be possible to evaporate economi- 
cally for the purpose of salt making ; but a very careful comparison 
between the strata of this locality, and of those near Derby or 
Droitwich, would Vie requireil before any decided opinions could 
be formed as to the probability of finding soft water within a 
reasonable distance from the surface at Rugby. 

The well at Gretit Yarmouth, executed by Sir E. Lacon and Co., 
is of interest, on account of its showing the great depth attained 
by the tertiary strata on the east of England ; but, unfortunately 
for the spirited proprietors, the results, so far as water .supply is 
concerned, have been "negative." The depth of the tertioriea 
here was found to be 527 feet, and the first 170 feet of this thick- 
ness were composed of recent estuariue and blown sand, deposits 
of very recent form.ition. At Norwich, Messrs. Colman are 
steadily pursuing an experimental boring, which has already 
pa.«8ed through the chalk to a depth of 1 158 feet, the upjwr green 
.sauid to a depth of 8 feet, and the gault to a depth of 30 feet ; the 
works have be«n suspended in this fonnation on account of some 
accident to the macliinery, but when this shaH have been repair©*! 
they will, no doubt, be resumed. It may be necessary to descend 
150 feet lower before reaching the water-bearing stratum, but the 
comparative success of Mr. Lankcster Webb^ well, at Stow- 
market, alfonls g<:>o<l reason to hope that Messrs. Colman's per- 
severance will ultimately be rewarded. I do not antici|mte, how- 
ever, that the water will overflow the surface, becKU.se the lower 
green sand i^lraverseil by one of the alHuents of the Oiise, near 
Downham Market, itt a comparatively low level. 

In a pajier which 1 had the honour of reading in this room last 
year, I alluded to the verA" successful borings made by the Kent 
Water W^orks Company, in the Ravensbourne Valley, and this 
evening I am enabled to lay before you a section showing the 
strata they traversed. One reason for my doing so is, because I 
have heard that some parties propose, as I said in the opening 
paragraph of ihis jiaptT, to sink artesian wells near London for 
the supply of the metropolis; and I think it desirable to state 
for their guidance, that unless they meet with the peculiar con- 
ditions of the faults of the Eavensboume Valley, they are not 
likely to obtain a lai^o supply of water from the chalk on the 
north side of the Thames, wnilst there is no ch.ince whatever of , 
their finding' water below the chalk. There are, no doubt, copious 
and be.iutilul springs given ofl' from the head valley of the Lea 
and the Coin, both of which rise in; and are fed by, the chalk; 
but tluwe springs may, in almost all cases, be shown to be oon- 
uecleil with some geological disturbance of the strata: and the 
only locality near Lontlon where there seems to me to be any 
chance of obtaining a large quantity of water from the chalk, 
would be on the left bank (or the west) of the river Lea, some' 
wh.1t to the north-east of f>tratfonl, Ixjcause there is about that 
district a line of disturbance in the chalk pai-allel to the great 
fault which bring.s to the surface the springs lately tapped near 
New Cross, anil those of Grays in Essex. 

Finally, it must be evident to .myone who reads attentively the 
recor<ls of the success and of the failure of the attempts above- 
mentioned, that the execution of artesian wells is an opemtioa 
which should only be entrusted to skilful and well-trie<l men, i 
acijuaiuted with the theoiy and practice of their art. No sucll 
work should be commenced without a careful preliminary sun'ey ^ 
of the geological and hydrographical conditions of the countiy 
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ateniliog over a very Tvide range. This is seldom done, because 
iblic bodies, in Englaad at least, do not seem to object to pay 
engineers' blunders and miscalculations, but they do object to 
|.y for their study ; and it in at once assumed that because artesian 
ntJls bave succeeded in one case they must succeed in all. But 
'mvea wbeu the greatest amount of skill and science have been 
brought to bear on the prelimiiiai-y iiivealigatious for the estab- 
lishment of an artesian well, it. is impossible to predict with any 
certainty what the result of sinking a shaft or a boring may be 
in a stratum hitherto untried. Moreover, every artesian source 
~ supply is limited in amount, and even in the case of the Paris 
it would be desirable to watch the effects of the increased 
iught upon the lower green sand during a dry summer, espe- 
ly before commencing, aa has been proposed, the execution of 
, Urge number of wells like those of Passy and of Grenelle. 
The student who may desire to obtain a complete view of the 
•ubjecL thus briefly referred to, would do well to consult the 
worki of Messrs. Prestwich, Mylne, Clutterbuck, Homersham, 
.Degoosse'e, Burat, Ueriiairt de Tliury, Garnier, &c., the Transac- 
"■joa of the Institutiou of Civil EnRineers, the Oomptes Rendus 
<yf the Acodemie des Sciences, and of Les Ingenieurs Civils 
of France, I am myself under great obligations to Messrs, 
Hawk^ey, Lockwood, Wells, Chamberlain, Docwro, Prestwich, 
ijlorris. Snider, and others, for the sections and information so 
rlibemlly supplied to ma 

I may here add that in the number of La Prente Scientifique, 
for the ICth January of this year, I find a notice of a well lately 
sunk at Columbus. Ohio, U. S., which is not less than 2575 feet 
deep. The thermometer (on the system invented by Mr. Walfeniin) 
registered a temperature of 88"; this would seem to show that 
the law of the increase of temperature is rather slower in Ohio 
^than it is near Paris. No particulars are, however, given of tliis 
" iportant boring. 



THE OFFICIAL PROGRAMME FOR THE DESIGN OF 
THE PARIS OPERA HOUSE.* 
Second Division. — The Stage. 

39. It is not necessary for the stage {la tcene) to be deep — it is 
by the illusions of perspective that distant horizons are produced. 
A depth of 30 metres (!)8 feet) between the proscenium and the 
back of the stage suffices for all scenic requii-emeuts. A greater 
depth would present more disadvantages tluiu advantages. The 
stage ouyht not, however, to be too wide. The 0|jening of the 
scene wouUI be satisfactorily fixed at 15 metres (4!» feet), as at La 
Scftla. At the (present) opera house it is 1320 metres (42 ft. G in.) 

40. The space occupied by the winga {couliswa) on either side of 
the stage ought to be extended as far as possible ; first, with the 
view of being able, where necessary, to open obli<}ue vistas, and 

fKOoml, in order to prolong the curUins and front framing suHi- 
reiently to intercept the visual lines from the nearest side boxes, 
•without the help of those oblique screens {briaurei} which gene- 
rally have to be added to most flat scenes, in order to screen the 
.openings {d^couverlet), — unsightly additions, which encumber the 
ktbtrances, to the detriment of the m w en sct'ne, and interrupt the 
|pe«peetive3 of the front scenes. To get rid of this disadvantage 
I entirely, it would be requisite to widen the stage disproportiou- 
Kt<ly, but the wider the wings arc made the more will it bo 
I diminished. 

-IL The present width of the wings between the side boun- 
daries of tlie stage and the margins of the of)ening of the 
[scene is e<jual to one-half that opening: at least two-thirda are 
Iwoisite, which, fur an opening of 16 metres, would give a total 
viillh of 3ci metres. 

42. There are also ivquired on each side of the stage, between 
the soeue, properly so called, and the scenery stores (caset a decors) 
which will be described further on, galleries three or four metres 
wide, in which the chorus can be grouped, and the evolutions of 
Urge bodies of j>or80D3 can be prefwired for, things which are now 
cxlj-eun?ly difficult, if not impi-acticaUe, for lack of room. 

43. These galleries will be connected at their further end with 
another gallery of the same width running behind the back wall 
of the stage, and into which the doors for entrance on to the 
rtsge will open. ^Theae doors must be verv wide ojjeuings in the 
xnasoDry, but may, however, be reduced hy moveable panels to 
stich a sizii as is necessary for ordinary requii-emenls. 

* Conttnoed from page OT. 



Scenery Deparlment. 

44. A gay and good-humoured critic lately said of the ma- 
chines at the opera, that "they have in two centuries lost nothing 
of their charm and their force." Tliis is quite true — the ma- 
chinery at the opera still remains what it was at the time of the 
Marquis of Sourd^ac, Since 1672 it has, indeed, lost little or 
nothing, but it has not made the slightest advance. As matters 
now are, it is necessary to seek out in the scene room, move, set, 
and fix by manual labour the whole of the scenery required for 
each performance, and their repeated handling damages the 
scenes so rapidly, that tliey are almost always tarnished before 
the first performance, and sometimes are worn out before the 
piece for which they were prepared has nm through its success. 
At each act difficult and dangerous manoeuvrea have to be afresh 
commenced, with the object of fixing the framed scenes (chassis)' 
which during the day have been laboriously aceumuhited, in what 
is termed the "groups" {lestas.) The whole thing is one perpeta-tl 
demolition and reconstruction, and in spite of the exertions of 
a hundred scene-shifters it is no uncommon thing for half au 
liour, sometimes even more, to pass between the acts, to the grerit 
detriment of the works pei-formed, the success of which is en- 
dangered by the impatience which these delays arouse in the 
audience. 

45. It will be understood that such a system renders it impossi- 
ble, if someunforsenn accident interferes with the arrangenlents of 
the mannger, to change on the day of representation the play 
announced and prepared the previous day; and often there is no 
resource than to close the theatre, and have no performance. 

46. With the present machinery of the ojiera many scenic 
eflectfi have to be given up, because the shilling the scenes would 
rct[uire whole hours of work. 

47. At the same time, nothing would be more easy than to per- 
form within a few minutes the most complicated changes of 
scenery by the aid of a few mechanical contrivances of a nature 
more simple tlian those daily in use in the smallest workshops. 

48. The whole problem consists in causing the ft-amed side 
scenes, which, together with the scene at the back, constitute 
a complete scene, U> advance or recede by a to-an<l-fro 
motion of the simplest nature. These framed scenes — and we 
inclnde under the term set scenes (/ermes) which are only framed 
scenes which fill the entire width of the stage — are very difficult 
to move under the present system, but more on account of their 
flexibility than their weight; they could on the other liand be moved 
with the greatest ease if, instead of being moved by main force and 
from the bottom, they were suspended and slid along a system of 
nails suitably fixed above, and continued on right into the scenery 
stores, which would be formed at the sides of the stage. Thus ad- 
justetl, the most simple motive power — such for example as a wind- 
lass — would sufiSce to set them in motion, and cause them to advaucd> 
or recede at pleasure upon a signal from the stage manager, meaaa!| 
being also adopted, in cases when they have reached their posi- 
tion, but are not to lie seen full in front, for causing theni to per- 
form a very simple rotary motion round tlie centre from which 
they would be suspended, which motion might be done by hand 
labour, for we have no intention of depriving ourselves of a 
recourse to intelligent manual labour, but only of limiting it U> 
the detail of the working. 

49. We require that these scenery stores should be each one oi 
a width equal to half that of the scene. If this be the case, it' 
would be possible to dispense with many stories in the basement; 
for the largest scenes, the set scenes, couki be moved sideways in 
place of being extracted from abysses into which they have been 
with much difficulty introduced during the day, only to di-aw 
them out at night by the not uufrequenlly dangerous action of 
the ill-restrained power of balance- weights. 

50. If, however, the lack of room preveuled such a width being 
given to them, the management of the scenery would be something 
more complicated .and a little slower, but would not be much wore 
diflieult. It would be only neces-sai'v to divide those framed or 
set scenes which when e.\tended would exceed the width of the 
store, into several folds. But this would require to be avoided as 
much as possible, for nothing wears out scenery more than the 
creases which such divisions render necesaarj*. 

-'A. For the same reason it is requisite that the height between 
the top of the proscenium and the roof should be sufficient to 
permit drop scenes to be drawn up entire and without folds, ns is 
the case in tlio Dresden theatre. 

52. The-se scener.' storea would be further equipped with move- 
able fronts, closely shut during the perfommuc«> wd Qci^j ^<^kb.v&. 
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the interludes for a few momenta to allow the pjusage of such 
»«eiiea as the scene dbil'ters would have to prepare during the 
])roarres3 of the piece. Such a thing is at the present day ini- 

f)039ible, for the whole is put together piecemeal ou the stage, with 
oud blows of the insdlet, and noisy struggles. 

53. Nor would reforma be limited to scenery strictly ao called; 
they would include those monstrous piles of timber by the aid of 
which sLaircaaea and mountains are made, and in fact everj'thing 
designated so inappropriately as " practicable." For the most 
part, the mountains of the opera, like those of the earth, might 
be formed by a mere elev.ition of the ground, if the boanling of 
the stage wiw formed of moveable portions lifted by standards 
with co^s {e/mutilJen a cr^nuiUlere). 

54. The system of suspended scenes would be also of assistance 
in another respect; by superseding the use of all the channels 
which uiitier the present system furrow the stage, it woidd allow 
the subatitnlion of a level and tonguod floor, for the opeuwnrk 
which now con.stitutes the lloor of the stage. Ami as one im- 
pjfjvement leads to another, this step would destroy the source of 
tlie most injurious of the cold draughts to which the performera 
are exp<>8e<l. 

6.'i. By these means the most comy)licate<l alterations of scenery 
would bo brought down to the limits of the simplest shifting of 
scenes; as long as the piece stood upon the list, its scenery once 
prepare<l would be all ready to l>e brought forward at thesignal 
of the head mnchinlst, M'ho would not require more than two 
hour.*' uolico. (Jonsequently there would be an .end to blank 
liiyhta, so hostile to the treasury: the scenes might be preservetl 
for an unlimited time; tiie pauses between the acts could be of 
just the length thought best; and a savin» of labour and materials 
would accrue, for twenty men would suffice to perform the work 
which now employs one hundred. What advances might it not 
be lossible for the scene paiul^'r'.s art to accomplish, if simple and 
rea<ly methods existed of realLsing wHhiu a few minutes, etfects 
such as now cannot be atientpted, or which ai* practicable at the 
present day only by main force and at great expense, and with 
endless delays ! 

66. For the reason above given, we consider that the scenery 
should necessarily be stored at the sides of the stage and not else- 
where, and that the following suggestions relative to the width of 
the scene and its lat«ral api.>endagea ought to be adopted : — 

Tiie opisning of the iiaene taken as the unit ft in. 

of moasuremcnt !• or, inmetres 15= 40 

The diiiance between the sideg of Um open- 
ing and the latc^ral botindariee «f the 
ttiue^, should be for each side *<}(), or 
f-jrboth 1'82 „ „ 20= 65 

The scenery stores will each one have a 

width equal to-i 1, and together 2-32 „ 

Corriilora of oommunlcstion luid working 

eaohiat the leaHt)0'20, and together 0*40 „ 



35=114 C 



19 8 



Total in metroa 



7e=-243 8 



We are not increasing by much the space allotted to scenery 
stores. At the present opera it is about five-sixths of the area 
of the stage, and i« notoriously insufficient. 



Stage 
Sccnerv 



24-00 X 25-00 - 600 metres. 



What we reipiire is an area equal to that of the stage. 

VariouM departmenU connected with tJie Scenery, Accessories, and 
Prttpertiea. 
67. Like the scenery, the accessories and properties ought to be 
readily and ea-sily transported on to the stsige. This requires an 
Adjoining depot, but it is not essential that this depot should be 
the general store of accessories; all that is requisite is for it to be 
sufficient to contain tho^ belonging to ten or twelve pieces oat 
of the list. The store appropriatal to this department in the 
opera house covers an area of 170 square metres, and is sufficiently 
large. This area, like tiiat of the stores and ware-rooms which 
will bo mentioned l)elow, is given with relation to an average 
height of story; but in many ciise.') surface may be set against 
heiglit, and vice vtrid. These directions, moreover, are not in any 
sense invariable, they are raei-ely average data, which may be 
altered to suit the arrangements of the plan. With this depot 
siiouJd be coaaected} — {!) A small irort-ahop for the maintenance 



of properties, inclusive of minor cvpentering works turning, 
smith's and tinman's work, painting, gilding, papering, needle- 
work, &c., all however done by the property-man and his 
R.ssistant, and by one seamstress, three persona in all. (2) A 
dressing room, and the wardrobe of those attendants who will 
have to appear on the stage, about eight men. The general store 
of properties may be placed in the roof, provided that it be 
reachable by a convenient staircase. An ai-ea of from 2<X> to 300 
metres is required for the minor properties, and another of equal 
or smaller size for the more bulky ones. Properties now occupy 
at the opera house 



One store and several appendages cover together 
One store above the pnulic saloon about ... .. 



I92metrM. 
200 ., 

392 



And in addition, all the roof round the capola, and a large 
number of closets or garrets in various parts of the house and 
stage. This however is not enough : there is confusion, the work 
is badly done, things get worn out, and gond order is out of the 
question; many articles moreover have been destroyed which it 
was found impossible to take care of for want of room. 

68. The store of the stage upholsterer ought to be similarly 
arranged, and to include — (1) A store near the stage, 50 to 60 
a([uare metres. {2} A small, well ventilated shop, lighted by day- 
light, and if possible opening into a little court-yard, for two or 
three men and as many workwomen, (15 to 20 metres). (3) A 
reserve, store which may be placed in the roof, but easily accessi- 
ble (about IOC) to 150 stjuare metres). 

59. The plumber's store, to contain also the hydraulic machinery 
belonging to the scenery, ought also to be contiguous to the 
stige, and preferably below than above it. It is probable 
that with a well contrived hydraulic system it will in the 
future theatre be possible to secure etfects which it is impossible 
to produce at the present day, and the plumber's stores will be 
aufirmented. A moderately large store however, which will be 
better long and narrow than square, so as to allow pipes to be 
Htowed there, (say 8 or 10 metres lojtg by 3 metres wide) ought to 
be under any circumsUnees sufficient for all requirements. 

CO. Two compartmeutK, one at each side, for stowage of articles 
belonging to the lighting, bearers, side lights, chandeliers, pipes, 
&c These stores should have high ceilings, as most of these 
articles will rcquiie to be placed vertically; but a large ai-ci id 
not required for them, iO to 12 metres are enough for each, with 
the provision of a large store-room in an upper story or in the 
basement (but in either case secured from damp) for articles kept 
in atock. 

61. The workshop of the fire-wcrk maker, and stowage for hi* 
tools, and stores (about 20 sr|uare metres). "This shop ahould be 
near the stage, in order to reduce the danger attendant upon the 
tmns[>ort of inflammable articles and oif fireworks and their 
remains through passages. It should be as much as possible 
sheltered from fire, and so placed that, shonld an accident cKicur, 
the etfects of the explosion would expend themselves outside the 
building. 

62. The laboratory of the phyticien — qj. electrician ? — which 
may be placed iu the roof, to facilitate the escape of noxious 
fumes from the acids, but as far as practicable near the stage, tu 
shorten the length of the electric wires. This laboratory com- 
prises — (1) a main room of fifteen or twenty sf^uare metres for the 
battery, and the necessary work connected with it ; (2) a small 
room fc>r the physicien and for the stowage of his instruments, 
coutaiuiug about from ten to twelve square metres ; (3) a small, 
easily accessible store for acids, metals, charcoal, &c. 

63. The head machinist must have his office near the stage, but 
easily accessible from without. He ought to have near him— 

64. The uuder machinist; 

iib. The head gosfitter {ctie/de rfclairage); each of whom will 
have a small office. 

66. Among the adjuncts to the stage, and as fiur as possible at 
heights corresponding to their respective positions, should be the 
rooms of tlie foremen machinists aloft {du cintre) of the stage, aud 
of the basement {les dtstotu); a rational division, and one that will 
always be preserved, whatever system be adopted. For the work- 
ing scene-shifters, about sixty in number, a common room will be 
re<piireii, with a locker for each man ; a separate room in the 
upper stones for the carpenters of the stage and aloft, and 
another in the lower stories for those belonging to the basement. 

67. The gas-fitters will have a place oaaigued to them near the 
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store for ilicir <iepArtment, which we shall have oco&aioa to men- 
tioa further on (see Nu. 9U}. 

7%« Departments of the Stage and the ManagemciU. — Managei'a 

Cmtrt. 

69. In the midst of the bnildings intended for the management 

th«ne moBt be a court, with a covere<l gallery in front of one of 

tb« fknuleR, or, what wonld be preferable, round three or all 

four or the sides, and forming a covered way leading to the street. 

69. A single entrance, divided, however, into carriage gates 
md a gate for foot passengers, will give access to this court-yard 
from tlie street. It ought not to be possible for any person to 
ent«r or leave this court without' passing under the eye of the 
door-keeper, whose lodge will adjoin this gate. 

70. Under the corriilor of this court there will be three en- 
t«uiees : one for the manager's departaieut ami the offices ; one 
admitting to the theatre for the chorus, acene-shifters, and super- 
nunierariea; aud one for the principal performers {artittes) in the 
ojjera and ballet Before the latter there will be a porch to 
fecilitJvie their entering ami leaving their carriages in secnrity 
from the weather. Too much precaution cannot be taken to pro- 
tect siugers from the injurious efl'ecLa of the outer air, when, 
weakened bv the labours of a performance, they leave the building 
in llje micidle of a cold, damj), winters night. 

71. Nfar the mauager'a court there must be a shed for carriages, 
to the number of five or six, in waiting for the principal per- 
formers, as they leave. 

72. A li;w !ml], or species of external gallery, most be provided, 
opening directly on to the high road, near the porter's lodge, and » 
communicating with the portions of the building appropriated to 
the sUij^v defiartment, by a door not tn be opened till the right mo- 
ment: here, an hour before the conamencemcnt, the extra supernu- 
memries aud any additional workmen of all classes required may 
Msemblo and wait till they are wauled by their superiors. None 
of these men ought to be able to enter the theatre before he has 
beeo called by name. This hall should be capable of containing 
one hundred persona, sometimes it receives mntc, but oiily imder 
exceptional circumstances, which are not of frequent occurrence. 

Stage Manager. 

73. The stage manager's department is the centre round which 
are grouped those other departments which are all more or less 
dependent on the direction of the stage. It should be in easy 
communication with the scene and its adjuncts, with the green 
room, with the wanlrobes {mngatirif ilea cottume»\ and within 
reach of the manager's office, with which it is frequently in oom- 
tnuniciition, and whither the various superintendents require to 

Eroceeil with desj>atch when they are callc<l for. It must also 
ave a ready communication with the exterior. The stage 
manager's department compri.ses — (1) an ante chamber, where 
the call-boys {ai^ertitseuni) wait ; (2) the st^e manager'a room ; 
(3) tl»e office of the superintendent of the cnoma (two persons) ; 

!4) the office of the superintendent of the ballet (two persons) ; 
ti) a etation for the inspectors of the stage (3 persons). 

Performer^ Drestivg-roomt {Loget dea Art'tistes). 

74. The division of the dependencies of the stage into two 
4Metions, appropriated to the two kinds of performers, singers 
tad dancers, which the tiature of the ca.se seems to point out, 
eauDot be as rigidly carried out as might be thought. Many 
important departments are cotmected alike with both sections; 
forther. the opera and the ballet are not conducted under the astme 
CJrcamslances; the individuals belonging to each section have not 
the same requirements, and are differently grouped {organitv); con- 
sequputly the idea, natural enough upou the first blush, of appro- 
priating one of the sides of the scenes to each division, is ditiicult 
to put iu practice, and corresponds ill with working requirements. 
The di-essing-rooms of tlie vocal pei-forniers ought to be as near 
the &tage as possible, and at least those of the principal performers 
ought to be on the siime level. There is, on the othei hand, no dis- 
advantage in placing the ballet department further from the stage, 
and on a different level. So that, instead of a ilivision into two 
departments on plan, a division into ditferent stories appears to 
be the prefer.ible one. But it is suitable, and corresponds with 
working re<juirements, that one side should be appropriated to 
men, aod the other to women, on each story, 

"■5. Each principal performei-'s dressing-room {loge (fartiate) 
ought to include — ^1) a lobby, to cut it off from the common 
oorridor ; (2) the dresaiug-room itself, of ten or twelve sqiuire 



metres, rather more for the principals (premiers «uje4«), especially 
the principal dancers, who practice in their rooms ; (3) a closet 
for dresses. Tlie principal dressing-rooms should be large enough 
to allow a performer to see herself all over in u mirror ti.xed 
against one of the walla, so as to be able to judge of the effect of 
her dresses and her attitudes. It would be desirable for the 
dressing-rooms of the principals each one to have a separate 
closet (w. c.) The means should be proAided of readily warming 
each room to the very variable temperature which each artist pre- 
fers, either by a fire-place, or whichever heating appai-aliis (gas, 
hot w.-iter, steam, SiC.) is admitted to be tlie best. 

76. The following, taken in connection with what has just beea 
said, are the requirements of the various depai-tments belonging 
to the otage. 

Section L — Opera. 

PRtSCIPAL MALE PERFORMERS. 

(1) Principals {premiers stijctt), twelve dressing rooms. 

(2) Substitutes audsecoQilsv^mp/acaa/* el douhlea), twelve ditto. 
\X) A store for dresses (about twenty-five to thirty sqnai-e 

metres) in the midst of these i-ooms, and communicating easily 
with the centi-al wurdrobe. 

(4) A station for dressera (four or five men) should adjoin ihia 
store. 

(.5) Accommodation for the hair-dresser, with a closet for his 
wigs. 

PRIKCIFAL rBMALf PERrORKERS. 

(6) The same arrangement as for the men. 

LE.NUERS. 

(7) The room of the priucifial singing masters [cJiefde chant) 

(8) One for the second singing-master and the rehearser 
{ri'pHittur). Each of these rooms will be of the size of a small 
dressing-i-oom. An upright piano, a anudl bureau, and a few 
chairs, form the sole furniture. 

CHORUS. 

(9) The room of the chorus-master. 

(9fj) One fur the second chorus-master and the rehearser, tlie 
same dimensions as those of the other singing-masters. 

M.\LE CnORUS SINGERS 

(10) One large dressing i-oom, or t»vo or three, for the accommo- 
dation of GO regular {titulairea) chorists. Each chorist ought to 
hnve for dressing and hanging up his dresses a dressing hox or 
stall of about one metre in depth by a nearly equal width. The 
best arrangement for working would consist of two large rooms 
.Hd joining one another, communicating by a wide ofveniuir, each 
having a separate entrance, and being divided by low wmi^lea 
partitions into dressing boxes of the required size. The passages 
between these boxes ought to be wide and roomy, and the clear 
space should be sufficient to allow the chorists to fe^^l oomfort- 
aoly at ease between the acts. This i-equires for 60 chorists au 
area of about 200 metres. In the opera house, where the 
singers' dressing boxes are much too n.arrow, 2*70 metres is allowed 
for each occupant. 

(11) Two tiressing rooms for principal choros singera {choty- 
phiea), each for two or three persons. 

n2) A room for ten choir boys. 

(13) A store for dresses, as near as possible to the large chorists' 
room, and communicating easily with the central wanlrobe (of 
30 or 40 square metres according to its height). 

(14) A large dressing room, or room for 30 additional singers, 
accommo<lation required on special occaaions and coud Itioually, and 
consequently admitting a position more removed from the 
stage, and more limited arrangements than that for the ordiuiry 
working. 

FEMALK CHORUS SINGKR3. 

(15) One, two, or three dressing rooms for 50 chorists. 

(16) Two rooms for leading chorus singers (chori/plteea), each for 
two or three ladies. 

(17) A store for dresses (30 to 40 square metres) adjoining the 
large dressing room, or very near to it, and communicating easily 
with the central wardrobe. The rooms of the femsde chorus 
singers should be arranged like tliose for the men, and similarly 
divided by wowlen partitions into 8t.T.lla or separate compartments, 
only it will be convenient that for the women the^se compaitmenta 
should be wider than those of the men, s.iy 1'2U metres in placii of 
1 mvtre. 

[To be eontiautd.) 
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LECTURES ON ARCHITECTIJRE AT THE ROYAL 

ACADEMY. 

By STDiCET Smirki^ RA. 

Lecture II.* 

I MC8T not pursue the subject of chinineys further than just 
afjaiu to remind you of the a3stheLic advantages nflonled by the 
olJ luoiie of treating the chimney hearth. The contemptible 
little pinehed-up compositions of thio, flat, marble slabii, which 
DOW usuiilly decorate thi.i aocial centre of domestic hospitality, 
ooutmst mrtst paiufnlly with the large and generous treatment of 
the fireplace, and with the sculpture and painting which were 
lavishcHl duriotf the period to which I am adverting on thia place 
of hounur in the halls of former daya. 

Although time haa left us but few illustrative exampicB of 
^ese fireplaces in Euglatad, we have but to visit Nuremberg:, or 

y of the older cities of the Netherlands, to find noble tf.xauiples 

,m Burviring the wreck of time. Even the great hall iu the 
Hotel de Ville, in Paris, probably familiar to you all, which is of 
the lime probably of Fi-aucia I., atlbrda a remarkable example, 
Bufficieut to dwarf down into iusiguiticauce ever>' similar object 
I have met with in Eufirland, although I am aware there are 
examples of the time of Henry VIII., of Elizabeth, and of Cbarled 
L, of no mean character. 

At the magnificent Chateaux of Blois and Gaillon, the most 
remarkable features are their gardens. They are, of course, laid 
out iu the formal artit'icial manner asual in the gurdeuH of the 
early period to which theae examploa belong. In the centre of 
both these gar<leus is a fountiin of much elegance of desi^, 
although the jets of water issue from sources not altogether uu- 
objeplionable. The practiceof throwing the water from the mouths 
of human masks cannot be defended, although it is a very com- 
mon expedient, It was suggested probably by the gargoyles of 
Media'val times, when monsters, often of the most pi-eposterous 
design, were made to emit water, both iu fountains and at the 
eaves of roofs; but these, also, may claim a far more ancient 
origin. We know how commonlv the rainwater which fell on the 
roofs of Greek temples was made to issue from the mouths of 
lions cai'veii on the cyma of the cornice ; they were, iu fact, the 
true gargoyles of the Greeks. The practice may perhaps be 
partly due to aesthetic causes; for thei'e are few subjects more cap- 
tivating to the sculptor than the lion's head, so admirably sculr>- 
tureequein the breadth and even iu the gi-audeur of its details. 
But still another and remoter origin may be assigned to the 
practioe. The overflowing of the Nile, which, as you know, 
annually reanim.itea that arid country, and gives occasion to so 
much f>eriodical i ejoicing, occurs when the .sun is in Leo, — a coin- 
cidence quite sufficient to lead the Egyptians to adopt the lion's 
mouth as the source from whence their liquid treasures were made 
to issue. At the fountains of the Chateau d'Anet jets of water 
are seen issuing frem Diana's bow, and from the horns of her 
accompanying stag. I am, indeed, bound to admit that the rude 
artists of this not highly-jjolished nor very fastidious Jige caused 
jets to flow fi-om still more exceptional, although perhaps more 
natural sources. 

These devices ai-e common enough ftt the period of which we 
we ajwakiug, and can only be excused on the gronud of the ex- 
treme difficulty (which all nmst have felt who have tried their 
hands nt designing fountains) of devising any jjerfectly unobjec- 
tionable and yet ornamental mode of emitting the water. But 
perhaps the moat notable feature in tlicse enrly French gardens 
is the arcade, or covered way, which incloses the whole area. As 
a gallery oiferiug a sheltered walk at all seasons of the year, whe- 
ther loo hot or too wet for out-of-door exercise, these covered 
walks must alw.ays havebeeu a welcome refuge. The luxury was 
probably borrowed from the Italians, with whom these arcades 
or colonnades had already become a favourate adjunct to the 
villa. They also, in their turn, ma^ claim a classic origin. Those 
who have read Pliny's description of his Villa Laurentina will 
remember how he dwells on the crypto-porticua as one of the 
luxuries of his favourite i-etreat — a luxury which, though pra- 
san'ed in tlie cloisters of the Middle Ages, seems to have been, 
without good reason, overlooked and neglected iu modern 
gardening. In these French gnnleus I also perceive indications 
of the pergoLi, or trelliased walk, which forms so elegant as well 
as BO commodious a part of almost every well-appointed Italian 

garden. _____^ _^_^_ 
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I will not further detain you by dwelling on the other beautiful 
chateaux represented in these volumes, although they present to 
US most attractive objects, such ns Chateau Chenonceau, one of 
tlie most theatrically-picturesque buildings that can be imagined, 
— Chateau Chautilli, perfectly Mediaeval in its general design, 
although in its details Bavouriug strongly of the more modera 
style that Catherine de Me<licis encouraged, and had, in (act, 
introduced into France, — Chateau d'Anet, less Gothic, but equally 
varied, original, and picturesque. 

Such are th^ contents of theae canons and valuable volames. 
A uireful and critical examination of them will satisfy any impar> 
tial mind, that they take a very narrow view of the .iubject who 
fancy that all architecture necessarily divides itself into the Classic 
and the Gothic schools, and that therefore, if we reject the one, 
we must necessarily arlopt the other. Such, happily, is by do 
means the case. I have ou a former occusion ende.avoured to 
show that wich wa.** not the case when the quatixi ceulists of Italy 
put away Meditevidism iu art, with the casque and gauntlet 
which they had outgrown. They were too good artists amj too 
sensible men not to perceive that mixleru civilisation required 
something more than a return to columns and pediments, and 
they accordingly struck out a style of design perfectly original, 
and in many respects more beautiful than auything that had 
preceded it. In the same way we lind that when, a Tittle luter, 
the artistic and inventive genius of France was directed to the 
production of designs in tlic Benaissant style, it never occurred 
to their fertile mindd that it wa.s incumbent on them to plunga] 
into a purblind system of copying the works of former times. On 
the coutrarj-, we see iu these buildings of the time of Catherine 
that a style of great beauty and force was possible, which yet wa» 
equally reuuite both from Greek and Gothic. True art is ever 
young and productive; it needs only atlequate incentives and en- 
couragement to w.-^rm it into life. A well-stored portfolio of pho- 
togiai)h3 would turn any man, however uneducat«d in art, into 
an architect, if the careful repetition of old forma be all that iB 
required of him. 

As I have devoted this evening to looking into a few books, I 
must be excused if, in closiug one volume and opening another, I 
find myself following a somewhat desultory course. It does not, 
however, appear to me to be neces.sary to observe any especial 
historical sequence. The book which next comes to hand is a 
splendid volutue, of earlier date than that to which we last 
a<lverted, and is not without n certain amount of romance in ita 
history, for it consists of verses composed by the Duke of Orleaoa 
after his capture at the battle of Agiucourt, and with which, 
composition be beguiled the tedium of his imprisonment in 
England. The illustrations are lieautifully executed miniatures, 
and of great interest as explanatory of the buildings, habits, and 
costume of the fieriod. One of these illustrations is of special 
interest, as it presents a view of London in the fifteenth century. 
It is taken on the banks of the Thames, and represents the 
Tower iu the foreground, and the bridge iu the middle distance. 
The very rapid shoot of the current at the bridge is plainlv 
indicated. At a short distance from the Tower is seen the creelc 
of •' Bellyne'a gJite," on the banks of which creek and below 
bridge is a consideitible building, probably the Custom-house, 
The architecture of this building is portrayed with great minute- 
ness, and is manifestly drawn from the actual object^ not coDven- 
tionxdly, but witii considerable effort at correctness of representa- 
tion. Itis worthyof observation that the lo west atory consists of aa 
arcade of perfectly Renaissance character, the arches being cir- , 
cular or nearly so, sjiringlng fi-ouj ordinary columns, apparently 
very much like Roman Doric. The superstructure, however, is 
of quite Medieval character, presenting a series of steep gables of 
dissimilar designs, and with the windows apparently niuUioaed. 
The perfectly Italian aspect of the lower part of the building 
seems to me to bo conclusive evidence of the existence of the 
style of the Reuaissauce in Eughuid very much earlier than is 
usually supposed. The Porta lionori at Cambridge is generally 
pointed to as one of the earliest, if not the earliest, example in 
England of the quaai-Chtssic style. This gateway, however, 
must be nearly lot) yeiirs later than the building u«ir Old 
London-bridge, so carefully delineated iu this illumination 

Now that I am touching on the subject of illustrated manu- 
scripts, I need not omit allusion to the remarkable book known 
as the ' Codex Aureus.' It fonua p.'ut of the Royal Libiurj* 
collected by George III., and is certiiinly one of the gems of that 
colluctiou. It has many claims on our attention, inasmuch aa it 
appears to be beyond a duubt that it was executed for Cha^l<^- 
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Oagnc. It ifl enriched with magnificent illuatmtionB, •which may 
he (airly prtsnmecl to be specimens of the highest art which 
Zorope in the bitgianing of the ninth century was cipable of pro- 
ducing, aurl is moreover, considering ita great age, in exceUent 

(rvation. The prevailing character of the architectural 

itB is manifestly what it is usual to designate aa Romanesque. 
Saeh puge represents one arch divided into three. aubordiData 
eotnpartroeota by slender pillars carrying three arches. This 
irrangement of arches seems to have taken its rise somewhere 
about the period in the history of architecture with which this 
volnme is contempornneous; perhaps, indeed, oven earlier. 

The practice of building small arches in a continuous series, 
vpringing from the cipitals of small pillars, bears a far earlier 
d*le. We find them in abundance at the P.nlace of Diocletian. 
Such small arcades occur, too, at the building near Ravenna 
called Theodoric's P.ilace, and a continuous range of them origi- 
nally encircled the mnltanguLir tomb of that monarch. These 
small arcades, arranged iu saccessire superimpoaed orders, came 
to be nsed to exces.% aa you, no doubt, well know, and covered 
the towers and gables of the Lombardic and subsequent ages. 
I may add that in paintings and mosaics of »o early a date as tho 
fenrth century, represented iu Seroux d'Agincourt's great work, 
these arcades abound. 

Bat in the illustrations of a manuscript preserved in the 
Lanrentian Library, at Florence, to which the dale of the fourth 
century is assigueil, a more distinct fopesh.vlowing occura of the 
Gothic mullioned window. It represents a large semicircular 
arch, comprising within its span four minor arches, thns dividing 
it into four narrow openings. It is tnie the head of the large 
comprising arch is blanked : there is sliown on it a circle, pro- 
bably decorative only, and not perforated; but the transition from 
this to an ordinary four-light Gothic window is easy and natui-al. 
In the ' Co*iex Aureus,' to which I have been referring, we 
have very plainly this germ of the Gothic window, and we have 
it even more distinctly developed in MSS. of the ninth century, 
of which representations are given by D'Agiucourt. Bnt not 
ooly were these small arcades the putative pfireuts of mullioned 
windows; to them also, it can hardly be doubtal, we owe the 
triforium of our ecclesiastical architecture. I cannot refrain from 
here reminding you of the analagous aae of these subonlinnto 
arcades in the Westminster Hall, as built by our William Hnfua. 
In the twenty-sixth volume of the * Archseologia ' you will find 
the representation of that trifnrium story forming an open arcaded 
MMftgo w.\v, obUkined iu the thickness of the wall. This curious 
feature In the doniestic architecture of the twelfth century I had 
the pleasure of being the first to explore and delineate, when the 
interior of the walls of Westminster Hall was opened out and 
exposed to view, under my brother, Sir Robert's directions, with a 
Tiew to the reface of the masonry of those walls in 1837. 

I have, perhaps, detained you too long in thus tracing the 

digree of these mural arcades, bnt they are of some importance 

the history of architecture. It may be difficult to point to any 

feature more strongly characteristic of Medieval architectui-e, 

or more definitely distinguishing it from strictly Classic art. 

In the singular works of early Cliristiau architecture to which 
I have been adverting it is impossible not at once to recognise a 
strong savour of Byzantine art. There is, for example, in the 
Codex Aureus an almost infinite variety of frets and friezes ijj- 
trotiuced of a qnasi-Classic character, all most carefully and 
fUbontely executed, and with a manual dexterity and preicaion 
which seem to imply great practice in such works. The Greek 
labyrinth fret occurs in utmost variety, and those interlacing^ 
patterns, that stamp a peculiar character on the art of ornamental 
design in this Byzantine style, occur in these illnminations in ut- 
most pn:>fusion. Whether accompanying Runic inscriptions in 
Ireland, in Norway, or elsewhere, fir whether seen carved in stone 
ia the earliest Christian buildings of LonibaixJy, or worked 
in mosaic on the walls of Greek churches, or depicted upon 
vellum in these beautiftd m.anuscripts now under our consi- 
deration, there is a similarity of design and a general agreement 
in the manner of treatment which is certainly well worthy of 
observation. What adds especi.-d interest to this curious kind of 
Omnmeut is that it wjis not, apparently. <lerive<l fmm or suggested 
l>y any similar ornament in the preceding Classic schotil. Could 
it have been traced bnck to ancient liome, we should not have been 
inriiriseti at it« occurrence in localities so widely apart, and in 
Slyles of design so widely differing; but nothing, as far as I know, 
Oecurs in Roman art from whence these intricate interlacings 
Mnlil haT« been derived — onless, indeed, we may suppose that 



the guilloche was the parent of this ornament, which wonld, in 
that case, take back the idea to Athens itself, and to how much 
i«moter a period I know not Even Assyrian art is not without 
traces of it. Whether so derived, or whether it was the original 
product of a Teutonic or a Byzantine mind, certjiinly its wide 
prevalence is remarkable. It seems not unlikely that the facilities 
which these interlaced ornaments afforded of producing the 
device of a knot having no ends, would recommend it to the favour 
of tlic early Christian artists as an emblem of eternity, as well as 
of brotherhood. But whatever its origin, the idea was certainly 
most pnjiific. Besides being productive of a variety of mere 
ornaments, such as we see on this M& of the time of Charle- 
magne, it suggested no doubt the monsters devouring their own 
tails, which we see so commonly portrayed in Memeeval sculp- 
ture; and the true lovers' knots depicted in a thousand familiar 
although unmeaning shapes, on our walls and ceilings, down to 
the time of Elizabeth, and, for aught I know, to the present 
day. 

Tliat warns me that I must not now introduce to your notice 
any more of the literary and artistic treaaurea stored up in our 
magnificent national collection. I am well aware of the supei- 
ficial nature of these few alight notices : they present to you but 
the faintest glimpse of the almost endless stores that the liberality 
of the country has been enabled to accumulate under the gui- 
dance and with the assistance of her beat scholars. In calling 
your attention to the few books which I named, lam, I fear, sub- 
jecting myself to the sarcasm of the old Greek author, who tells 
ua of » certain " Scholastic," who, being desirous of recommend- 
ing a house to the favour of his friends, carried about with him a 
brick or two by way ot specimen of the entire mansion. Yet' 
scanty and very inadequate as the samples may be which I have 
this evening laid before you, I feel sanguine iu the belief that my 
few remarks and criticisms will not have been made in vain if 
they have produced in your raiiid a desire to seek for further 
satisfaction at the founbiin-heads; to consult them for yourselves, 
and to liberalise and euhirge yuur studies by a wider tield of in- 
vestigation. 

A careful contemplative study of the causes of the almost 
awful sublimity of the Coliseum, for example, is calculated f)er- 
haps to encourage and even to generate a greatness of manner, 
and to elevate the artistic tendencies of the mind; and to tench 
us that the grandest effects, in our art, are far more readily 
attainable by simple general forms than by resorting to tliat ex- 
cessive elaboration and subdivision of details which (perhaps I 
may be permitted to say) is one of the least commenaable ten- 
dencies of the present day, and against which it would be well 
that you should bo on your guard. 

Then, again, a critical examination of the interesting production 
of the age of the Renaissance in France — an examination so 
greatly facilitated by the two beautiful volumes of Catherine de 
Metlicis which I have been adverting to, is well calculated to 
fertilise the mind of a young architect, and to show to him liow 
the combination of two very different kinds of beauty is capable, 
in the alembic of geniu.'i, of being made to prodtice still another 
beauty — a tertium quid — differing very materially from its two 
components, yet parUkiug of the merits of both. 

Such an examination would, furthermore, satisfy him that it 
was no mere love of innovation, no mere freak of fashion, that 
led our forefathers to lay aside in their architecture the stern and 
rigid air of Me^tiievalism. They abandoned mullionsand tracery 
in their windows, and made them wide, and square, and open, 
not iu sport and for the sake of a frivolous change, but because 
they were beginning to learn to appreciate more fully the value of 
light and air, and because they began to perceive that there were 
other means of excluding an enemy, and securing their personsd 
safety and an inviolate hearth, besides loopholing and crennela- 
ting their dwellings. An inquiry into these great changes in 
their habits of building is a curious and not unprofitable inquiry. 
It is common enough to hear it said that the revival of a taste for 
classical litemture led to the study and subse^iuent adoption of 
classical architecture. Whereas the two rivals were, in truth, 
strictly contemporaneous; and it is by no means improbable that 
they may be regarded, not as one being consequent on the other, 
but that both were necessary results of a common cause — namely, 
the ailvance of civilisation, involving the acquirement of new 
habits and new wsuts. 

The other volumes of which I h.'ive this evening made men- 
tion have an antiquarian rather than a practical value, and to 
that extent are, no doubt, leas suitable subjects fot ms. to ur^ «kVk. 
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jour attention here. Yet those niauuscripts are samples of a 
great store of similar works wbieh our national Museum may be 
justly proud to possess, and which, whilst they are of the highest 
litei-ary and historical value, must ever he precious also in the 
eyes of artists, iuaaatuch aa the illuminations which adoni their 
pages represent faitlifuliy the coudition of the tine arts during 
the Mediffival period, and ai-e, as it were, the golden link that 
coDDected the ancient with the modern schools of paiutiug and 
design. 



INSTITUTION OF CIVIL ENGINEERS. 
JOHS Hawkshaw, E«<|., Prewdeot, in the chair. 

Jan. 29. — The w^t read wa« *' On ihc Form and Materials for Iron- 
Platcd fiJiipi, and the PoinU rciiuiriHg attention t» t/Ki'r Construcli/m." 
By .kisti'K d' A. .Samuda. 

The author stated that, iron-pUted ships having now become a neoea- 
•ity. it vrni important to utoertain, firat, th« bent (ietwription of constmc- 
tion of ttbip and and armour, aad fteoondly, the best form and ilimenHiODi 
(vf vesael. To offett thtsse objects, there were four indispeiuable condi- 
ti<iit!i: hrst, these vessels must be of such Jimei»ionR and (>ow«*r, and be 
Iniilt on such lines, that they should ahvavw oomjiiaml a Ktijieriority in 
»pee<l over the best timber-built frigates afloat; Secondly, they must be 
protected with armour over tlieir entire lenj;th ; tliirdly, Uje armour must 
be Ko appUed aa to be capable of rajiid replrvconient or repair ; and 
fourthly, the armour «hotdd enter into the construction of the slup, and 
thus gire strength to tlie whole fabric, a8 well a^ prntiKi) it from an 
enemy's fire. These conilitionR had only been partially attained in the 
veseelM alreiwly coutitructe<i, or propoftal to be constructed; for the War- 
rior" flags obtained speeil alouf, the " Defence" chiss failed in all, the 
" Valiant" clnas tmly approachud Uie second cunditiuu, and the three new 
ships of 07<>0 tons buitfaeu, recently cnutnicted for, at a cost with their 
engines of £400,0()Q each, would probably poaaess the first and second, 
but not the third and fourth conditions. 

Althouj^h the "Warrior" wan highly creditable as a firat effort and was 
not dt»foctive in Btren);:th, yet it was a complicated and oostly cunstruc- 
tioti, and its character should not, therefore, 1)ecnme iitereotyijcd, a« 
incajMible of further improvement, ur as if it were not desirable to seek 
for it. 

The author proposed that the framework of the hull Rhould be built 
AS in an ordinary tint-class steamer of the same size; and that outside 
the frame- work, auil rivetted to it, tliere should be five lon^tudinal ribs, 
at intcTvaLi i>f 5 feet, reacliing 20 feet l>elow the ^inwalc. These longi- 
tudinxd riljs <ihould lie of l>ar» of roUfd iron, 24 inches in thickiiem and 18 
iiichen wide, the outer 4 inches on each side being receded 1 inch. The 
ordinary stdu plates, 1 inch thick, were then to be rivetted in these 
recesses, bo as to form a flat Burfoco for the reception of the armour, 
ea<-h strake of which was to be mode to eorredpond \\ith the dis- 
tance from centre to centre of the longitudinal rlba, Tlie edges of 
the armour platei, 5 inches in thickness, were then to lie bolted or 
rivetted through the ribs lonptiidinally, the vertical butt joints of each 
plate, made to break joint with the skin plates, lieing- rivetted to corre- 
(>pondtng ribs 24 inches in thicknesii, [ilaoeil Ih- tween the longitudinal ribs, 
and attached to them with fi.<ih plates. It had l>e«n determined by experi- 
mt^nt that this thickness of rib would be sufficient to render the edges 
of the armour platet<, when weakened by the rivet holes, equal in strength 
to the <.^ntral body of the plates, liy this arrait^ment, a perfect ship 
without armour waa ftrst made; then a complete armour case was 
attached through the loni,ntudinul ril^, without interfering •with the joints 
or faateningB of the ordLn.iry skiu of the vessel. Iiidcctl the skin would 
be so distinct fn>m the armour that, in time of peace, the armour could 
I** removed, and the vensiel be uwd a4 a tranisjiort if desire*!. By these 
means the armour could be rapidly repaired at any p<jint, and there would 
lie no iieoessity for Uingueing and gryoving the plates, adopted as an ex- 
[KMlient by the Admiralty to remedy the bending up of the edges, which 
tlie present iuiporfect mode of fastening renderetl them liable to. 

Thus prf)t*'ction would Ije obtained o\"er the entire length of the vessel, 
by the armour a<lmitting of rapid replacement, and entering into the 
construction of the sliip. It remained only to show what dimensions and 
j-n»wer were necemary to secure speed. For a 32-gun friirate coiutructed 
as deacril»3d the best vlimensiona would be 382 feet long. 55 feet beam, 
and 21 \ deep to the main deck; 5600 tons burthen, and fitted with 
engines of 1200 H.P., bv which a »|)eed of 15 knots an hour could be 
obtained, with the armament, ammunition, and coal on board, and with 
the port sills 9 feet abijve th>> water line. iSuch a vessel would Imve even 
greater speed th,in the " WsuTior," and be wholly protected over tbeentire 
length of the sides. 

As the i:up<irtanoe of complete protection hnd now been recognised 

by the Admiralty, it was desirable to com^Mkre thin armour-skin vessel of 

fifiOO tons burthen with those now building. Tlie Admiralty vessels 

were to le tJT'Mt tons bmlhen and 125ii U.P., but they would not be 

^{ble to cnnr a heA\'icr annaijit-nt, or pss-sess a higher 8[>eal th.-kU th'^ j)ry- 

• pofod V' ssef. Tbey would be less luauageaLle, fcrm larger objects to fire 



at, and c<>«t iMOO.OOO eacli instead of £UO,(iOO, or in a fleet of twenty- 
four such frigates, one mlUion and a half pounds sterling more. 

For coast defences ve)wel>: might be built protected from stem to stern, 
having a lengtli of 200 feet, beam of 48^ feet, depth of 25 feeit, burthen of 
2,200 tons, anil engines) of 3,'>0 H.P,, pierced for thirty-two 68-ponnder 
guns but carrying only ri.vteen, with a draft of water of I (! feet when the 
guns, ammunition, and coal were on board, and capable of attaining it 
speed of 11 knots an hour. 

Id conclusion, the author thought that the time had arrived when the 
Admiralty should see the propriety and the advantage to the public 
ser\'ice of abandoning the monopoly of restricting oU advance in the 
confttniction of mail-clad vessels to plans and ayBtema omanating from 
themtjclvei); and that it would he far better to trust to the engineering 
skill of this country, leaving it frse to take the initiative in imyroviug this 
branch of National Defence, and the Admiralty only exercising a veto 
within such limits as experience fitUMi tiiem to forma judgment upon. 



March 4. — ^The first paper read was '■' Dttcripthn of tht Loch Ken 
Yiadwt, Porti:<atrici: Railway/" By E.L. J. Bltth. M. Inst. C.E. 

This viaduct was situated on a curve of half a mile radius, and carried 
a single line of railway over the loch at an oblique angle, so that the 
wiilth of the waterway was increased from 26,') feet to 360 feet, the def>th 
of the water at the point of crossing being 29 feet in summer. It oin- 
sisted of seven openings, — three of 130 feet each in the centre, spaimcd by 
wrought iron girders of the bow-and-string form ; two semicircular 
arches of masonry, of 20 feet span, in the abutments ; and two o])enlngs 
of 20 feet each at the ends, provided with flat oast-iron girders. Owing 
to there being scarcely any ciurent, it was not deemed necessary to aet 
the piers in the line of the loch, but they were placed at right angles to 
tlie viaduct, and each (udr of girders was at a slight angle to tlie adjacent 
ones. 

The foondations consisted of strong gravel, except in the case of the 
east abutment of the main o|>eningB, where a running sand was met with, 
and in this instance the lower courses of the masonry were laid on a bed 
of hydraulic lime concrete 2 feel in thickness. The two deep-water piere 
were each formed of two towers, 8 feet in diameter, placed 8 feet apart, 
and connected above the water level by scmicircidur arches of masonry. 
For ea<;h tower of the pien* a cast-iron tubie H feet in diameter, in six pieces, 
was sunk, the tuliea being 'M feet and 42 feet in length for the east and 
west piers respectively. \Vhen the masonry was brought up tx> the surface, 
the upper castings of the tubes were removed. Around the piers 4000 
cubic yards of loose rubble stones were deposited, so as to produce an arti- 
ficially decjicr foundation. The tubes, when placed in position, sank from 
1 foot to 2 feet by their own weight, mitil they reached the gravel and sand, 
where they remained tpiite firm. Tins formed a good test of the sufficiency 
of tht foundation, as the weight rif tlie tubes on their narrow edges waa 
e<iual to from 8 toi>li tuuH per Btjuare foot, while the total weight on the 
foundations of the finished structure, including the moving load, was only 
about 61 tons ]«r square foot. 

The method ailopted in sinking the tubes was tliat of ordinary well 
sinking. Two plate-iron screw pans, of an inverted cone shape were em' 
plojul; one 2 feet in diameter at the top and 1 foot deep, and the other, 
which was only used for the harder portions of the excavation, 1 foot in 
diameter at the top and 1 feot deep, llicre were 0{<eiungA in the sides, 
covered with leather fla{ts, to prevent the material from escaping when 
the pans were filled. Three arms of round iron jirojected thruugh the sides 
of the }.tau8, and, being connected to a lung rcKl with a cross handle at the 
upper end, the screw pans were worked by four men, and when fall 
were raised by tackle. The larger pan raised about 1 cubic foi>t of mate- 
rial each time, and the smaller one about one-fourth of tluit quiuUity. 
By these means the tubes were suidc in some instances as much as IS 
inches in one day, tlie minimum being 2 inchtis per day in the case of t^ 
north tube of the west pier, where Urge boulder stones were encountered 
rendering necessary the use of a screw pick. When the tubes had been 
lowered the tlesired depth, concrete was deposited within them, varying 
from 12 feet to 18 feet in depth in each tube. On this concrete, ashlar 
masonry was laid, the cordon course b^ing of granite in Luge blocks, for 
receiving the ends of the girders, which rested on wrought-iron pls^ea, 
laid on thick sheets of vulcaniaod india-rubber to losseu tlw e&ct of 
vibration. 

The bow-and-string girders were each 136 feet 8 inches in length, and 
were segmental in fonu, the rise being 17 feet 6 inches, so tlmt the seg- 
ment was almost identical with a catenary curve, or the true curve of 
e<pial pressure. The sections of the upper and the under booms were 
identical. They consijited of a mmn plate, 24 inches broad and ] of an 
inch thick, and of two channel irons, each 8 inches by 4 inches in section 
and 4 an inch thick, placed at a distance of H inches apart, between and 
to which the struts and ties, of the some section of channel iron, were 
rivettetl. The tnuisverse ginlers for carrying the roadway were <J inches 
in depth at the ends where they rested on the channel irons of tlie uialer 
booms, and Ifi inches deep in Uie centre. The middle web of these U7r> 
ders was \ of an inch in thickness, and there were angle irous, 3 inches 
by 3 inches by 4 an iuch in section, at the top and the bottom of the w.'h 
on each side. Every alternate girder projected 2 feet, from which T iroi» i 
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vcre euried up to the crooAagt of tbe diftgonnl bracing. The 
wtdght of the ginlen »ml roadwmy between tbe points of mipprirt was ^3 
■ittM, Mid of the balbut (2 Luetics in depth) 14 tonM, makinj,' a tnUl de&>I 
1m<I of 10* toM; fcnd taking the rtillinjj load at 1 ton per lineal foot, the 
t"*»l 1(«m1 on one span would be 232 tona. The Brea of the upper boom 
^-JM 33 inches, anil of the under boom, cxclusivp of rireta, 27"04 inches. 
'Tlie diatance between the centrea of gravity of tbe upper and the under 
booma waa 1 7 '04 inches. The tcnitile xtrain on the under boom 
amfiunte<l to 4*04 tona per inch, and the ctimpreiisive irtrain on the 
upper \irMtm to 8'35 tons per inch. When the whole of the load was upon 
^e girders there waa no compressive strain nn any of the diagonaU, but 
than were t^juile atraiiu vaiying from 8'4 tons to 7"5 tona, or equal 
napectively to 9 cwt. and 1 ton per square inch of Roction. 

The auUior considured that the bow-and-string girder poseaaed advan- 
tage* over the Warren or other lattice girders, with parallel top and 
bi^ttom members ; an in the latter clau it waa not posnlile to make the 
top and buttom members theoretically correct, without great labour and 
W4«te of ui-vterial, and as owinjj; to the great Tariation in the strains on 
the diatfonals, it waii iii.;c«s.^anr th.it they should >>o of var}-ing dimensioni, 
inrolvintj in sonic caN:a even diffcTent sections nf iron. 

The girtlers were built in ptmition on staging, and the greatest amount 
of deflf ction of any one gir<ler from its own weight waa ^tha of an inch. 
> illy, when a locomotive engine, weighing 24 tons, waa phioed in 

iif each span, and afterwards was nm over, iirst at 10 milea aa 
U'.n. ivj.l then at 2.'i milen, the deflection ranounted to from if to 
j of an inch lu each girder, there being no perceptible difference in either 
'ca<«e. rinally, when four engiues were coupled together, sti aa to give a 
Ioai:l equal to 1 ton per liaeaTlootj the deflection only amounted to from 
\ TO {tliH of an inch. 

It wan stated, that the total cost of thli viaduct had amounted to about 
£13,000. 



I 



Tbe second mper rea<l waa " Dtscriplion of Iht Centre Pier of Ae 
Briitfit ulTom Mtf River Tarnar nt Saltath, on t/ie Cornwall RaUif^ty, and 
of Ute mtiint employtd fur it* conttriu'tion." By R, P. Bkebbtox, 
M. Inat. C.E. 

Thif communicatiuQ embraced, in a narrative form a detailed account 
•cf tbe prttliminaries connected with tbe Albert Bridge, which crossed 
ibe riw Tamor where it waa only llOo feet wide, with precipitcius bonks 
ftnd a depth of water to the surface nf the mud of 70 feet. A dyke of 
greenstone trap intersected the clay slate formation at this point, and 
enjppetl out to tbe surface aVK')Vp the water on thi; western bank of tho 
river. It was ascertained by borings made in the bud of the river that 
reck extended fnrm tbe eftstem side to Keyond the middle of the stream, 
covered with mud nr silt t-i a depth of from 3 feet to 1(J feet. Sulise- 
quentlv, a thorough examination of the bed of the river whtre a ecntro 
pier would pn>barily be built, by means (>f 17o boring« made within a 
cylinder at thirty-Jive different placea, over an area of 60 feet square, 
enableil .'Wi exact model of the surface of tbe rock ^> be prepared showing 
the irrrgulariti'js anil fissurus that might be expected. Eventuallv it w«a 
decided, from the infomuition thus ohtaine<l, to erect one pier only in the 
deep wat'T. — • *'•'•-•, as would have JK-en necessary for the spans 

required I find when it waa deteniiined to proee«.'<l \vith 

tbe constr.i '^i iu 1852, it waa decided tliat there Hhould 

be two fp."uui (It ■4a;'i feel, two of 98 feet, two of 83 feet <J iiichw*. two of 
T8 feet, two of 72 feet fl incites, and nioo nf 6J> feet tJ inches ; tlie total 
knsth, including the aidjoining land openings, l)cing 22' Hi feet. 

The centre, or deep water pifT, intended to carry the weight of one- 
half of each of the two main spiins, c(m«i<ftfd of a column, or circular 
piUar, C'f *<ili<l mttHoiij-j*, 35 feet diameter and \>li feet high, oiirried up 
trotn tbe rix^k foundation to alxn-e bigh-waler mark. Ufnin this were 
placed four f>ctagoiial columns of ciuit iron, 1" feel diameter, carrietl up 
to tbe Ifvel of thu roadway, which was 100 feet al>ove high water mark. 
Upon the tops of the columns, cast iron stAndarils were fiie<l to receive 
the ends of the tubes and chains which constituted the tntates of the 
bridge. Tlie weight at the the liottom of the tnatuiu-y foumlatiuna waa 
about 1*4 ton."" |ier .vjuare foot, increased, when tho briiJge was k'oded by 
jiaiaing trains, to aliout 10 to:u per B(|uare foot. 

In iht! ci:inslniccion of the inaennry pier, a wrought iron cylinder, of 
Iwiler p!ate», 37 feet in diameter and V<i feet in length, and open at the 
t«>p and the bottom, was sunk through the mud of the lied of the river to 
the rock. Tlie water waa then pumped out, and the mad excavated, 
the maaonry being Ijuilt up inside, and the cylinder aliove the ground 
■Itenrards removed. It was cxpcx^te«l tluit, by forming a bank round the 
OfUDdCT after l>eing sunk to the mck, sulticicut water- tightness would 
he eMured for getting in the maaonry. To prjvide, however, for tl»e 
eantin(;«ncy of exccuKive leakage, the cylinder waa so cunstructed as to 
admit <»f ^e ap{)BL-ation of air pressure. As the surface of the rock, 
althoiitrb very irregiTlfir and ragged, had a general dip to the ututh-west, 
the I- i'- cylinder wm formed with a correi<p'>n ' ' !. one 

tide 1 ' longer th:»n the other. A dome, or " was 

r"— • 'f the level of the mud, and an inter...,. — ..r, 10 

1 at the tr.p and the bottom, connected the lower 
f rf the cylinder. The 6 feet cylinder, previously 
uaud fur the tj'.^riiit^rt, wag fixed eccentrically inside the other, and an air 



jacket or gallery, making an inner >kin round the bottom edge below the 
dome, wai formed, about 4 feet in width, divided into eleven comport- 
mentB, and connected with the bottom of the 6 feet cylinder by au sir 
passage below the dome. 

Details wen then given of the oonetniction of the larger c^mder, and 
of tbe mode of launching and floating it to its position. When accu- 
rately adjusted over the intended site, water was gradually let tn until 
the cylinder ]ienetrated through the mud about 13 feet, and rented on some 
irregularities upc-n the rock, which caused it to heel over towards the east 
about 7 f et;t 6 inches. By letting water in upon the dome or lower deck, and 
loading tbe higher side with iron ballast, the cj* Under forced ita way through 
the obstructions at the bottom edge, and took a nearly vertical position. 
The air and water pumps were then set to work, and tbe greater p«rt of 
the mud and oyster shdls, wluch fiOed the compartments of the air-jacket 
at the bottom, was cleared out, and the irregular surface of the rock 
excavated; the bottom of the cylinder being now S2 feet below high- water. 
Suhaeqoently, a Leak having broken out through a fiwure in the rock on 
the north-east, or higher edge, considerable difficulty was experienced in 
nuiintaiuing lufficieut pressure with the air pumps to keep the water down 
and the bottom dnr. The leak was at length reduced, by driving close 
sheet piling into the fissure. When at its full depth, the cylinder was 
87 feet (> inches below high-water at the lowest place, and then a hemp 
gasket was worked under tbe edge of tbe cylinder, all nmnd the outeide, 
to assist its water- tigfatneas. A ring of granite ashlar, 4 feet in Vr-idth and 
about 7 feet in height, was then built in the air jacket; and a liauk of 
cluy and sand was £posited round the outalde of the cylinder to compress 
the mud. Whea tbe water was pumped out of the body of the cylinder 
below the donne, and the excavation of the mud was being procee<led 
with, a leak, fairoke out, an<l the water overpowered the pumps. Addi- 
tional engines and pumps were provided, and eftorts were ma<le to tli- 
minifih the leakage, with varying success; but as it required four pumps 
to keep the water down to 54 feet, recourse to air pressure in the WKly of 
the cylin<IcT below the dome became iniininent. and preparations fur its 
application were made. To provide agjvinst the buoyancy, or upwa^l 
preMure against dome and cover, the 87 feet cylinder was loailed with 
750 tons of ballast, in aiblition to iu own weight of 290 tons. Tbe yinmps 
were tlien got into gooil order, and, by contiiuied piunning. - :i 

keeping the water down. The mud was excavated, the c\ 
the dome securely shore*! across, and the r«)ck levelled, when 
in thin oootses of granite ashlar in cement, in the boily of th<- ■ -h 

coimnenoed. As soon as the masonry reached the level of tin. .... ^ -t 

ring, it wa* thoroughly bonded, the plates of the air-jacket being cut out 
as it proceeded. Upon the top of the bonding course, two oiunwfs of 
bard Imck-work in cement were laid, making a jierfcctlv water-tight floor 
over the whole diameter of the column. Meanwhile, tjic mastmry of the 
air jacket, where the leak ocoirred, was taktn down, and tlie leak was 
diminished by additional sheet piling. Tbe leak was discovered to have 
broken out at the same fitsure aa before, and had torn away the rocU un- 
derneath the masonry of the air j.icket and bottom edge of tbe cylinder, 
but the mneonrj- itself was nndisturlied. 

Tlie next operation was to draw off the water above the dome ."vnd ne- 
mo>e the bailast, to allow the masonry U> be jinwewlcd with, whi'.h it 
eventually did at the rate of from 5 feet to 7 feet in height per week. 
Wlien it was 40 feet in height the influx of water was entirely »t<ip|)ed. 
After the masonr>' h;»d been completetl to the level of the plinth, the 
upfier part of the cylinder was unlxilted at the separate joints, and tloutetl 
tu the shore. 



Sfirch 11. — The pft|*r rend was •' Deierif<lion of the Delta of tht 
Danube, and of the Workt rtetnthj txtcuiUdat the Sulina Jlouth/" By 
C. A. Habtlbt, Assoc. In* ,C.E. 

In the autumn of 1^5(5, by >-irtue of the Treaty of P.iri*, the Eunjpean 
Commiseion of the Danube, consisting of representatives from each of 
the seven contra(.ting ^towers, wbs tlmrgeil to execute the work* necessary 
below Isakcba, Uj clear the mouths of the river as well .is the adjacent 
parts of the iwa, of tbe iiupeiliments which ob»tructed nai-igulion. This 
Oommi*<=iott, to which the auilior liad iict«-ii tia chief engineer, w.i» autho- 
rised to levy rates to cover the exjtense of such works, on the exprew 
condition that the flags of all nations shuuUl be on a footing of perfect 
e<-|uality. 

In Uic preliminary studies of the three principal branches and mouths 
of the Danube, .-idvontii;;© was taken of the charts made l>v C'di-tain 

«pratt, K.N., f V ■ -' '•■'-' '- *'■ ■ ' '■■■'■■ '.•^•'•.■.■■- 

and |ier«onal i: 
chiutu;icrisiii.r!t _ 

afteir a course of IToo mileii, during Nshieh it j ' to"r 

hundred tributariea, and drained upwards of 300,' |iV<<»:-il 

in a suigle channel 1700 feet wide and 50 feet diep. 'hv I' ' 
of Isaktha, situated on the right bank, at 'M and 40 1' 
resji' '■■ ' •• ' low the large com-cxporting -— • >" c.i.t. 
Ik. ': 7**. and 1»0 miles fr-i-m th-. 

the . S'.ilina, and tbe St. George i : 

straight line. The he.vl t«f the delta was reaclitHJ, at isiiiiui t liatal, vr 
Fork, 15 miles lower down, and here the fre*h waters ilividetl, never to re- 
unite; (crventeen twenty-sevenths of their volume pasting in an easterly 
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(luvctino by th<3 Kilia branch, and the renuuning tea twenty-Beventhi in 
& 8»iitbca8terly direction by the TouJtcIia branch. At 11 miles below 
Isiiiu.il ChaUU, this latter branch separated into two chauDela, the St. 
(riorgt! and tbeSuliiia, dischjvrging reipectively eight twenty -seveulhs and 
tw(.) twenty-sevenths of the whole volume of the main river. 

A short account was then given of the three channek, frtim which it 
iili|)ear«d that the wat«r:< of the Kilia were delivertid tn the nea by twelve 
distinct mouths, only navigable for fishing Teurels; that tlie river portion 
(if the St. George offend ti» t«al uhstaclee, having an average width of 
1200 feet, and a miuimmn depth of navigable channel of It! feet, at aea- 
Bons of extreme low water; and that in the upper reaches of the Snlina, 
disaster of every kind was imminent, from the many intricate windingv 
and numeroue ahoaU— the navigable width being rarely more than 300 
feet, and the depth over the shallows during seasons of low Water vary- 
incfroiu 1<1 to 14 feet. 

The delta proper was de«cribc<l aa being boundwl on the north by the 
Kilia branch, on the south by the Toultcha and St. George branchL-a, and on 
the cut by the Black Hea; the enclosed npace couiprinLng an area of IHOD 
stjuare miles and forming a triangle of wnich the Ismail Chatal wa« the 
Weitern apex, and the sea coast, from the mouths of the St. George to 
those of the Kilia, the base. During extraordinary liigh floods, the 
delta, l>einj^ unprovided with artificial hanks to contain the swollen watero, 
WMH almost entirely Hubmergud: whilst at seasoiin of drought, its banks 
were elevated from 10 to 12 feet above the level of the river at the Upper 
I'hatal. and fnim 8 to 10 feet at the Chatal of St. George. In the lower 
reaches of the three braucheM, the level of the river was but little affecte*] 
by variations in the uplimd waterw. Adjacent to the mouths it never 
varie<! more than 1 fuot, except when influenced by the wind. During 
high Hofxis the inclinatiuu of the surface water of the Sulina branch was 
^ iuclien |ier mile, whilst during extreme low water it iliil not exceeil 1 
inuh {ler mile. At times of ordinary high water, when the curreat had 
attained a velocity of from 2 4 to 3 miles an hour, the Danube before it 
divided at IsmaU Chatal delivered a volume of water e<jual to nineteen 
and a-half niillious cubic feet per minute; while in the ilry season, when 
the current w.»8 rtnluced to 1 mile per hour, the flow did not exceed seven 
and a-half milliomi cubic feet per minute. At timeA of extraordinary 
flooda, such 00 that which occurred in March I'^'M, tlie velocity was 
increased to 5 mika per hour, and Uw volume of water then delivered 
amaunte<l to 60 mdlions cubic feet per minute, or eight times the quan- 
tity discharged at onlinary low water. It was stated, as the reaolt of 
careful obeervations, that when the waters were moat surcharged, they 
carried to se.i at the rate of 1 cubic inch of sedinientAry matter, supposing 
it to be solidified into coliereiit earth, per cubic foot of water, and that 
not more than one-fortieth part of this pmjxirtion was transporteil when 
the flootls had subsided. Time, at the former period, upwards of 600,000 
cubic yards of diluvial detritus passed into the sea by the Keveral mouths 
of the river in twenty-four hours, and at the latter not more than 15,000 
cubic yards. The results lif these investigations accounted in a great 
degree, for the cliangcs which took place from time to time, in the poei- 
tion and extent of tlic Hand bank^ forming the btirs acrxiss the several 
mouths. At times of high flooils, these Ivan were further from the shore, 
their magnitude was considerably increased, and the depth over them was 
dimiuitihetl ; their distance from the shure, and their height, lieiug much 
influeiice<l by the direction of the prevailing winds. The depth of the 
sea o[tpusite the delta decreased to the north; thus at 3 miles fnuu the 
laud the depth was 1 C rathum.>i oppoHite the St. Georges month, and only 
ID fiitli'ims op^Msite the Snlina and Kilia mouths. 

During the interval from 183<> to 1857, the shallowB of the Kilia 
advanced fully one mile in the direction of the Hulina mouth. This, 
combined with uncertain and changeable nature of the many branches 
iMuing from the Wilkov basin to the sea. and the distance of the bars 
from the ehore, were the chief considerations which induced the author 
to form an unfavourable opinion of the Kilia — in Bpite uf ito possessing 
the best river chaimel — ami to reci>mmend, in preference, the improve- 
ment eitljor of the St. George or of the Sulina, when> the sea depths were 
greater, and the niivance of tlie sand bankit was lesii rejiiarkablo. In 
comparing the meritx of the two latter lu-anches, the author arrived 
at the cfmcliuion, that in nearly every respect the St. Gecirge offered 
decicied advantage* over the Sulina. It is true, that in onler to reach 
the KedrHloo bar of the St. George, double the length of works would be 
tH>ocs«ary; but when once the sand-banks were passed, the greater sea 
depths opposite the St. George would immre fop a longer period a con- 
stant g»o<I navigable depth at the sea entrance. Tlie St. G«orge'a month 
was situated at the most salient angle of the delta, waa nearer to the 
BosphoruB, by 18 nautical miles, than the Sulina, and waa more 
favoundily placed with regard to the safe niaucsuvring of veaseU during 
N.N.K. winds. 

Although there was a great difference of opinion as to the merits of 
each of the three principal branches, or mouths, all the technical 
authorities, who had Htudieii the question <>n the ground, agreed in reciun- 
mending that, whichever mouth was chonen, the system of improvement 
should l>e that of guiding the river water across the bar by means of 
piers projected from the most advanced rtty angles of the mouth; so aa 
to concentrate the strength of the river curreJit on the liottom of the 
pro|>osed improved channel, by an artificial prolongation of the river 



banks into deep water. After coiuiderable discuHion, the Commiaaipa 
resolved to improve the bar channel of the Sulina, by guiding piers of a 
temporary character, in older to give the speediest relief to the uavigatioa 
in the cheapest marmer; but it was distinctly guaraiiteeti that this uiould 
not prejudice the choice of tlie mouth to be selected for permanent 
treatment. The author then received instructions to provide works 
which, for the expenditure uf a sum limited to £80,000, should have the 
effect of giriog an increased depth of at least 2 feet over a period of 
from six to eight yeiirs. This duration of tiiue waa based on the asump- 
tion that during such an interval, either the St. Georg« would be opened, 
or tt might be considered expedient to limit the improvement of the 
Danube to rendering permanent the provisional works. 

The designs for the provisional works were then matured; and ns it wa« 
found in practice, that the cost of strong timtjer cribs, to be loaded with 
stone, and sunk at intervals of 20 feet along the lino at the works, would 
exceed the original eatlmate, choice waa finally made of a itructure caia> 
[losed of timber piling and pierre purdue, aurmounted by a timber plat- 
form 14 feet wide, atrengtbened occasionally by solidly-constructed criba 
of the same width. The works were commenced on the 21st April, 185S, 
a tem}iorary staging tixeil on piles, being always rin out from 300 to 
300 feet in advance of the permanent piling. This staging supfiorted 
nine crab engines, by which itireo rows of three piles, each 13 inche* 
square, and 7 feet apart, were frequently driven in one day to a depth of 
1 1> fcot into the hard fine Muid of which the bottom was eom^toaed. The 
piles were imme<llately secured by double longitudiiunl walings and double 
croAs-tiea, the whole being surmounted by two thick trampieoes and 
planking, at 4 feet above the level of the sea. From this permanent plat- 
form the clooe piling on thfo side next to the sea was driven. The dailj 
rate of progress during fine weather was 20 lineal feet; and as sood 
as this length of sheet piles was completed, stones were thrown down to 
protect the footing in the Sjuid, which waj; liable to be washed away by 
the action of the sea. Tlus scouring action of the sea waa so serious, 
when the skirt of tlie bar wa« reached, that it thtvatened at one time to 
demand, for the completion of the works, double the quantity of stowt 
originally estimateil. Several plans were tried to reduce its pernicious 
effects. That eventually adopted, and which was perfectly suooeasfu^ 
was to advance the opeu pile work with all possible expedition, and then 
to pave the proposed seat of the pier with stoaea delivered from bairges. 
This pavement withstood the attacks of the sea, and offered no grettt 
obstruction to the penetrations of the sheet piles, which, without being 
shod, had frequently been driven 10 feet into the ground, after hariuf 
been forced through 8 feet of rubble stone. The section of the fiuiahed 
stone work was deacril>ed as being a solid moas of closely {taoked third- 
class rubble, resting on a broad base, and narrowing upwanlv at slopea 
vivying from 2 to 1, near the pier heads, Co 1 to 1 and 1 ^ to 1 near the 
shore, until slightly below the level of the water it became a mere ridoe 
against the close piUng. The time occupied in the actual construction of die 
piers was thirty-one months, exclusive of three winter mooihs each year, 
during which the Danube wati frossen over, and all work was suspended, 
but inclusive of two hundred and seven days when it waa im|)o««ible to 
work on account of stormy weather. The length of the north pier was 
4031 feet, that of the south pier was 3UUU feet, and the depth of water iu 
which they were built variefl from 6 to 20 feet. la their construction 
200.o*iO tons of stone and 12,500 piles had been employed, and the cost 
had not exceeded ten guineas per lineal fiK>t. The stone waa brought 
from a distance of &t mUes, and its^ price delivered in place varied from 
four shillings to five shillings ]ier ton; the oak used for the longitudinal 
and traniiverse timbers and for the planking and fender piles, cost two 
Hhillingn and threepence per cubic foot, while the fir timber pileH were 
delivoretl ready for driving for fourpence per cubic fiwt. The workmen, 
of whom there were generally three huudrud, were composed of men 
belonging to more than ten different uatiotis. Labotuvrs were paid 
two shillingB and sixpeuue and carpenters four shillings and sixpence per 
dav. 

'The changes wluch had taken place at the Sulina mouth, oousetiaent 
on the pnijection of the piers, were then noticed. The depth on the bsr 
since tlie year lS'l\t had vai-ied between tlie extremed of 7 and 12 feet, 
the least depth occurring during the subsidenoe of high-water floods, and 
the greatest when the deposits lodged by those floods had been dispersed 
by autumnal and winter gales. In April 1S58, when the works weru 
caniiQcnced, there was a navigable chanuelonly 9 feet deep over the centre 
of the long shoal forming the Sulina l»ar. In November 1359, when the 
wiirks harl Ijeen brought to a close for the wuter, the north [tier ha<l 
advanced 8000 feet, uu<l the sooth pier 500 feet, and then the depth on 
the bar was 10 feet, which waa increased to 14 feert by the following 
April, althfiugh the wr»rks bad renuuaed stationary. Hopes were con- 
sequently entertained that the action of the nortli pier would, iu ilaelf, be 
sutficieut to maintain an improvement; but these expectations wer« dis- 
appointetl, as in August, when the north pier bad reached a length of 4tiOO 
feet, the depth on the bar had diminished to 9^ feet. Every exertion 
was then made to bring tlie opfxisite {lier into play. Accordingly, during 
the next three months, the soutli pier wa« advanced 1500 feet, and ua it 
was now within 600 feet of the north pier, the good effect of concentra- 
ting the whole force of the river cun*ent directly on the bar became at 
once apparent. Thus on the 30th of November, 1860, there was a 
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kviiSkUeduumei of 12 feet, ui'l on tbe SSth Februftry, 1861, of 16 feet. 

t the breftkiog u[.> of tho ice in the river, and th« furious descent 

th« extnttirdinary high floo<Is, which caused ho much dnm&ge at Gnlatz, 

^nd aubiziergied the whole delta; but thJH time iTiiitea<i of the depth on 

itkn bftr beint; diminished^ the swollen waters confined between the two 

and directed in a proper line, fairiy swupt away the reuains of the 

BB to the aoath banlc and into deep wat«r. Fmni that ttine to the 

the dspth had nerer been lana than \S\ feet, and frequently it 

I w macfc M 174 '^^^ o^^'' '^ navifj^ahle width nf S(Ki feet. This re^titt 

t aocompliflhed by work* the c>iHt of xchirh had not ^xceedtxl the 

. thwtlMKi been paid in one year only for li<i^ht«ning vcftseis over the bar; 

\9ad without taking into accriunt the excellent shelter which had been 

forded, and tbe great riaka which vessels formerly ran of being wrecked 

I tff the entrance. 

Li ciincliuion, the author expressed his gratitude to the membeni nf 
|i,. V,,,-. .T^.;^Q Commission of the Danube, fur the gfinerous BUp)>ort he 
i - received: and eniiecially to Major Stuke;!, RE., the repro- 

• I Great Britain, whose enlij,'htf!ned {Kilicy, if allowed tfi prevail, 

OouM not fail eventually to insure to tbe commerce of all nsitiorui, the 
best poMible means of water cotnrtiunic&tion with the rich c<'im-gr*.iwing 
boniering the shores of tlie Lower Danube. 



ON PICTORIAL MOSAIC AS AN AECHITECTURAL 

EMBELLISHMENT. 

By M. Diouy Wyatt, Architect 

It is now fifteen years since I had the honour of bringing 
under tbe notice of tlits Institute a branch nf the art upon 
another department of which I purpone making a few observa- 
tions this evening. I w:i3 induced for some time prior tu that 
date to pay attention to the subject of geometrical mosaic for two 
reasons — the one general, the other special. Tho general, because 
I looked upon any poasible ailditiou to the technical pharmaco- 
poeia (if I may so express it) of the architect as couJuaive to the 
lutroductioQ of tlio most legitimate novelty in his art: and the 
special, because I recognised in the contemporary efforts niakint; 
hy enterprising manuucturers, and in a rupidly-growiog demainl 
on the part of the cultivated public, everj' probability that an im- 
portant branch of industry wa.s incubating by the one, and likely 
to b6 hailed with welcome by the other. 

A parallel conjuncture of demand and supply one cannot fail to 
perceive to be approximating at the present date iu relation to 
pictorial mosaic; and in the hope that luy humble exertions may 
contribute in some degree to the development amongst us of that 
bnuicb of the art, as to a certain extent tbey may nave done iu 
past years with respect to geometrical mosaic, I venture to 
address to the meeting this evening a few remarks, mainly 
limited to the practical interest of the subject. 

It would however lie an act of derelictiou to the real gi-audenr 
of my theme if I failed to notice what important subjects of 
inquiry for the art-atudent any such limitation necessarily pre- 
cludes our taking cognisance of this evening. 

Thus, firstly, there is the invaluable illustration which the 
series of still exi-sting pictDrial mosaics, dating from tbe earliest 
to the most recent Christian epochs, might be made to atford of 
the changeful spirit in which, at variou.* periods, fervid faith has 
u it were as8iiuilate<l to itself now one, and now another, cycle 
of religious personifications of a more or less simple or oompli* 
cated Christian mythology; sometimes veiling its aspirations in 
ejmbolism, ami at others setting forth di-umatically the leading 
events upon w^hich its hopes and feai-s were b.ised. 

Next fierhaps to this, which may be ilesigiiated the liturgical 
f the ai't, is that which is, more strictly speaking, icooo- 
1, including the much-vexed question of the degree iu 
will. II ni.uiy of thoee gener.-vlly rude but ne;irlv imperishable pic- 
tures — which survive while almost every cotemporary gra])hic 
rt^conl has perished — redect the usual aspect, the costume, and 
tiue physical cliaracteriatics of the clergy and laity, the rulers 
anil the ruled, in the early ages of Christianity. 

Von Iliimhor, iu the " Italienische Forschfiugen," thus ably 
hints at the suggestive value of such primitive records: — "There 
it*, indeed, much in tho representations of the early Christian 
niosaics which carries us back into extreme iuiliquity, perhaps 
iuto the very first century of the reign of Christianity. In these 
ear Saviour, the Af>ofltlcs, and Prophets, invariably appear in 

I complete classical costume, iu long tunics, with the palliums 
iiq{>«rpo>ed, and with naked feet, protected only by the aandala 
'\- worn in imperial times. When recent saints are in- 
ihe habits of antiquity are exchnnged for rich and more 
1'UL.aiii: dresaea; and the feet are usually completely covered." 



The value of these ancient types we find acknowledged by subse- 
(liient artists, as celebrated and modern as Eaphael himself; for 
as the same writer justly remarks, in the cartoons and iu some of 
the moat remarkable of the Vatican frescoes we cannot fail to 
recognise an approach to the primitive forms of early Christi- 
anity, in the guise of a return to classical models, suboidiuated 
to the uonveutions handed down from the Church of the I! ' 
Fathers by tradition, from artist to artist, and from priest to |m . -i 

Thus, thirdly, is there a pnrely archteological interest attadiiug 
to pictorial mosaics, connecting those decorations with the indi- 
viduals by whom, Or for whom, they were executed, with the 
specific jjeriods at which they were wrought, and with tlie struc- 
tural peculiarities of the monuments they adorn. On this branch 
of the subject, Ciarapini, Furietti, and Spieti, have left but little 
virgin soil for tne nineteenth century literary labourei-s to dig iuto. 

Thus, fourthly and lastly, is there also an intercHt which atfects 
us as archit'Mts more nearly, probably, thiin either the liturgital, 
iconographic, or archceologicid. I allude to the illustralion 
afforded to the general history of graphic art by the numerous 
relics of pictorial mosaic, which supply, for nearly every century 
from tbe Christian era dowuwanis, an unbroken aeries of docu- 
mentary evidence of those fluctuations of progress in design which, 
bridging over a Mediieval chasm, connect ancient Classical art 
with its revival under the great masters of the fifteenth century 
in Italy and their clisciples to the present day. Having in two ad- 
dresses delivered before this Institute, one in 1847, and the otljer ia 
185.1, dwelt at some length, although incidentally, on the position 
of pictorial mos-aic in art history, I may trust to your indulgence 
for treating, iu general terms ouly, this really most interesting 
aspect of our evening's theme. 

iLiviug thus noted what I desire to eliminate, let me hrhQj 
define the point of view from which I would fain engage you to 
look with me at the whole matter this ftvening. That point of 
view is simply the oue from which we may best realise what archi- 
tects have to learn and to do iu order to effect a practical revival 
of the art iu the present day. Jn describing, in one of the 
addresses already alluded to, some of the mechanical operations 
of the mosaic worker, I repeated iu the y«ir 185o what I had 
tirst advariced in 1847, viz. — that 1 saw no reason whatever why 
we should not carry out in the various processes of mosaic 
" exactly what tlie Greeks and Latins practised of old." If I was 
justified iu that remark then, I am more than justified now, for 
as I sh.all hope to presently convince you, many practical diffi- 
culties formerly existing have been removed, and convictiona as to 
the eligibility of the revival entertoined by a few then, ai-enow 
heartily sympathised with by many, able not to dream and desire 
only, but to work and to do. So strongly, indeed, is the current 
now setting iu, that I feel convinced it will he ere long incumbent 
on every architect practising in the higher walks of the profession 
to make himself acquainted with the best mode of «le.iliMg with 
what when once adopted, will, I do not duubt, become the most popu- 
lar means of adding the graces of colour to the refinements of form 
and proportion. Mural painting must in our climate ever have 
to contend with elements certain to shorten its ejiheraeral beauty. 
If attempted in real fresco, damp, fog, and fi-ost speetlily fastes 
upon its very vitals, tending to set the lime against the oxidea 
and other pigments, which in time are eaten away, as even in 
Italy we frequently see them, into nothingness. Fresco secco is 
still Jess permanent. Tempera, or distemper, I neetl not waste a 
word upon. Oil or encaustic painting involves the use of vehicles 
darkening, turning yellow, shrinking irregularly, and ultimately 
often detaching themselves from the gi-onnd to which they are 
applied. What, then, is left to us, if we would have our 5eco- 
nitions live after we have cease^l to live, but those processes 
the most delicate and the boldest pictures produced by which, 
experience has proved that a thousand years may pass over, 
" and steal no grace away." 

I purpose now, in the first place, putting befoi^e you in a sum- 
mary form the nature of such experience derived from the past: 
and in the second glancing at the various scopes and didiculties 
of the art, in its production and applioation. The main historicil 
phases of pictorial mosaic were the following seven : — 

1st. Clsitsical. 

2nd. Latin. 

3rd. B^'xantine. 

4 th, frreoo-Itidian. 

6th. Italian monumental. 

6th. Italian porta Ut:. 

7th. Mosaic u) /ii'e.'re dvre. 
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The firat, or CloMticnly is do donbt well known to all present in 
its general aspect; but, as the fooudation of all tlio other styles, it 
demands a somewhat closer view: the more especiallv, I thiuk, 
because this closer view may enable tlie architect vo reuliise aonie 
distinctive features in ancient decoration; revealed toua ihroagh 
110 branch of art more distinctly than through mosaic These 
features I essayed to produce from ancient illamioated manuscripts, 
In a paper ivad iu lhit3 room in June 1860; but they may be 
better recognised iu the various reioaius of Classical mosaic. In 
the Roman decomliou of imp«rial times, two distinct schools 
may be traced; the one most ancient — founded on £gypliau, 
Dorian, and Etruscan models — chiefly afTectiug niouochronie coiu- 
binntions of black and red or butf, or delicately coloui-ed subjects 
and ornaiuentson uniformly flat gruuuds; and the oilier rejoicing 
in the glowing tints and gulden and spangled ^'rounds of the East, 
])opul&rised after the spoils of Ionian, Corinthian, Phoenician, 
and Syrian magnificence had giveu that taste for gorgeous costume 
which led to the aubatilutiou of the Babylonian embroidery and 
figured tissues in costume and wall-hangings, for the simpler 
btuETs indulged iu during the republican ages. Whether the art 
of fabricating gold ground mosaic was of Oriental discovery, or 
whether, as is more likely, it was derived from the north of 
Africa — the nursery of the glass and enamel trade — are .as yet 
unsettled points; but that it was freely adopted in imperial times 
is proved by the various specimens still existing at Ponijveii and 
Naples. It is certainly curious to remark how devoted the ancients 
were to tesselation as a system, whether iu their finest or coarsest 
ex.onjples. Large surfaces of uuifonu colour are invariably luatle 
up of small cubes, little varying in size in any portion of the 
Work. No special labour is bestowed on fine joints, and no effort 
is made to dis^ruise their effect by using coloured cement stop- 
pings. The jointing was evidently accepted as an artistic 
invention, and with good taste and judgment it was kept i*eguhir, 
so as to pi'eveut distracting the eye from the pictured forma. Its 
lines were invariably made to subserve by coutraat the effect of 
the flowing 'X)ntoui-» wrought upon it; and uo effort was made by 
the use of large slabs, combined with teaaeree, to save the labour 
or expense consequent oo reducing the whole to one uniform 
gauge of size or rectaugularity. This reduction of all to a com- 
uon modulus is one of the sources of that appearance of flatness 
and repose which peculiarly marks all well-dciigued ])ictorial 
mosaic. Such regularity is infinitely more iniporttiut than fine- 
ness of work. The best specimens of the value of this adherence 
to gauge over large plain surfaces with which I am nc<]uainted, 
are those noble black and white pavements, and wall and vault 
linings, which abounded in the baths of Caracella, at Rome. 

To those of my hearers familiar with such mosaics as those of 
the " ituttle of Issus," at Pompeii; of Pliny's " Doves," in the 
Museum of the Capitol at Home; of the fine pavement found 
anu<ist the ruins of Uadrian'a Villa atTivoli, now in the Hall of 
the M^isks in the Vatican; of the splendid arabesques and head 
of Minerva, brought from tJie site of Cicero's Villa at Tusculum, 
.nnd now in the Hall of the Giisek Cross; it is needless to aUite 
th.at, in all that constitutes (jerfeotiou in graphic iiiritatiou, the 
fine opus vermiculatum of the ancients left nothing Ut be desired. 
Not only was form represented by light and shade, and local 
colour expres^^ed by positive colour, but the utmost refinement of 
graduation in shadow-tints and reflected lights was accurately 
copied from nature. Even in that curious mosaic removed from 
the Temple of Fortune to the Earberiui Palace, at the ancient 
Prseneste, now Palestrina, in whicli the learned have recognised 
the identical primitive specimen referred to by Pliny in the words, 
"Lithostrata cceptavere subSyllasextat quml in Fortunaidelubro 
Pneneate fecit," a great variety of colouring and much minute 
execution in the animals, figures, aud hwdsoipe are to be observed. 
For the production of such vivid aud vai'ied tints, natural self- 
coloured materials, snch as marbles, slones, &c., could not suffice; 
and the skill of the glass-worker was therefore pressed into the 
service, to enrich the mosaic-woi-ker's palette. For him not only 
were vitreous pastes prepared, glowing with every colour of the 
rainbow, but chemical processes for staining aud tinting natural 
materi.als were brought into use; and fiually the vitreous (msies 
were overlaid with gold, covei-ed in its turn by a thin film of pure 
white glass, wliich effectually secured the metal suiiace from con- 
tact with noxious gases nr damp vapours. Not content with ap- 
plying his incrustation to plane surfaces, the mosaic-worker learnt 
also to adapt it to the varied forms of basso relievo. Iu this 
country, among the Pembroke marbles at Wiltou, we possess one 
of tlie /evr spedmeua kacwn of this curious mosajs, which was 



at once sculpture and painting. Nor is it in such exceptional 

Itroductiuna only that we are rich, since in the more ordinary 
:inds of |)ictorial mosaic, in which figure subjects are combined 
with flowing aud conventional ornament, the soil of this country 
has teemed with valuable reliques of the Roman occapatioo of 
our island. Of these, from my ovim portfolios, and through the 
kindueasof many friends (Mr. George Maw being the one to 
whom I am most indebted), I am enabled to present to your 
notice Uiis evening a very f^ur assemblage of represeDtatlons. 
Among them let me direct your spedal attention to the follow- 
ing: — The magnificent hejul of Ceres, from Corinium (Cirences- 
ter); the subject of Orpheus, from Winlerton, near Lincoln; the 
Bacchus, at Thruxton, Hants; the scenes of the Circus, from 
Horkstow-on-Humber, Lincoluahire; the head full-size, showiog 
the tesselation, fi-um Bignor, Sussex ; the flue Bacchtia, from 
Slouesfield, near Warwick; the grand pavement, from Littlecoat, 
Wilts; and the Bacchus found on the site of the East India 
House, Leatleuhall-atreet, now in the Indian Museum. The most 
remarkable specimens of Roman work brought to this country 
from other lauds are a few small pieces iu the Temple collection, 
aud the noble fragments of an extensive pavement found at Car- 
thage by Ml*. Davis, aud now in the British Museum In addition 
to the Italian examples, most of which have been engraved, many 
specimens exist iu other countries. Among the best of these, I 
would note the great pavement at Constautiue, in Algeria ; those 
found near Lyons (published by M. Artaud) ; and the Spanish 
Varieties at Italica and Rielves. I have dwelt on Classical mosaic 
at greater length than I pur]x>se doing upon any other species, 
because the careful student will find, I thiuk, that evidence exists 
that every kind of technical process or artistic convention applied 
at any subsequent period to the art was known to and practised 
by the ancients. 

The second variety of pictorial mosaic may be designated as 
Latin, siuce it long retiuued the marked peculiarities of style 
which distinguish Latin from Byzantine ai-t. Thus, not in the 
choice of subjects only, but in the retention of the ruddy flesh- 
tints, the deep brown shadows, and the stumpyfigures and simple 
costumes of the decline of lioman paiutiug, do such mosaics ai 
those of the fifth century at Santa Sabina, Santa Maria Mag- 
giore, and San Paolo Fuori delle Mura, at Rome, differ from later 
specimens executed in the same city; if not by Greeks alone, at 
least by a preponderance of Greeks over the direct descendant* 
of the original classic^il mosaicists. M. Barbet de Joay, of the 
Louvre, who has profoundly studied the subject, renaarks that 
" the mosaics executed from the time of Constantine to the 
Pontificate of Nicholas I. (a.q. 858) do not possess the Byzantine 
character." This, though partially correct, is far too sweeping an 
assertion : it suffices, however, to show that the separation in 
classification of Latin from Byzantine style in mosaics ut essen- 
tial to preserve a correct idea of real, not fanciful, distinctions. 
The earliest Christian Latin mosaic known is that which linefl 
the vaulting of the little baptistery of Santa Costania, o^ijoining 
the buj!<ilica of St. Agnese, and dates from the age of Constan- 
tine. It would be extremely difficult to say which was the 
latest. 

The more closely the matter is studied, the more evident it 
becomes that a distinct Latin influence in the history of art is to 
be traced, running beside, mingling with, but never altogether 
losingita identity iu, the great tide of progress which swept from a 
thousand springs and sources over the whole continent of 
Mediaeval £uro{>e. Thus, amongst existing remains of the Middle 
Ages, we may point to three in particular in which many 
of the Latin pecuiiai-ities of mosaic working have been fkithfollj 
preserved to a comparatively late date; one iu the north of Italy, 
and the other two iu that district over which we may frequently 
recognise traces of the influence exercised by the long-flourishing 
Lsitiu schools of Aix la Chapelle and Cologne. In the pavement 
of the ciithed ral nt Novara— a work executed at intervals probably 
between the l»eginningof the twelfth and the middle of the thir- 
teenth centuries— we meet with a very fair reproduction of a 
black and white classical pavement. In various medallions ai^o 
birds and allegorical figures, of one of which I produce u fao-. 
eimiJe traced by Mr. George Maw from the original. Fi-om this 
may be readily observed the coincidence which occurs betwevB' 
the tesselation of the Novara pavement and that of the ancient' 
])avenieuts of Pompeii, such as I have sought to reproduce in tb*j 
Crystal Palace at Sydenham. It is probable that a somewhat 
similar mosaic pavement, with figures representing Rhetoricuj 
Logic, Prudence, iScc, and a zodiac, was formerly in the church « 
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SL Irene, at LyoDs, — a city in the neighbourhood of which many 
fiae classical mosaics exisleil, vrbich might have well aervud as 
^DodeU for tl]ia mediaeval speciraeii of lesselation. 

In the yeiu' 1831, ezteuaive excavations, fully described in 
the work of M. Wallet, were cuinuience<l, to uncover the 
erypt and choir of one of the andeut churches of St. Bertiu, 
at St Omer. These laid bare one of the most interest- 
ing monomenta of art ever exhumed in Fmuce. A reference 
to the engraviogs taken from M. Wnllet'a learned work, 
will show at once the nature of the pavement, which repre- 
Moted — by a regular classical teaaelation of black, red, yellow, 
and bluish gray, executed in t^rra-cotta, stoae, granite and 
marble — the zodiac aurrouadiug a square, divided diagonally 
by conveutiooal ornament, and containing three medalttODS and a 
monumental slab in the several triangles so spaceti out. Of these 
the most interesting is the monuineaU-d shib, which is covered by 
a figure of William, son of Robert, Count of Flanders. Time does 
not permit of my dwelling in detail upon the workmanship of the 
med&lliona, which show a curious transition from the mosaic to 
the purely-iuctaed slab pavements; but I may be permitted to 
eongratulate France and its archieotogista upon the fact that the 
date of 1108 wrought round the supine figure of Prince William 
leaves no doubt aa to the retention at that period of workmen 
perfectly capable of imitating in mosaic the important fragmouta 
of Clascal moaaic which served, so far as processes of manu- 
£ictnre and ornament are concerned, as models for the execution 
of this precious work. The third rare specimen of medtteval 
Latiu mosaic is the monumental slab of FrumualduH, Bbhop of 
Arras, found in the cathedral of St. Wicist, at Arriis, in 183.*i, and 
now preserved in the museum of that city. Frumualdus, who 
died iu 1 1 83, is represented slandiDg aud iu full episcopal costume. 
The details are worked out, as you nuiy obaerve by an itj8[)eclif»n 
of the elaborate coloured plate given in Ouilhabaud's ' Archi- 
tectore et les Arts qui en dependent,' in tesserec, among which 
are many obvioui^ly gilt. One peculiarly clasi^ical feature, the 
retention of which would go far to prove a Latiu rather than a 
Byzantine tradition for thiii work, is to be noticed in the strong 
black outliuiuv of the figure. I am nut aware of the existeuoa 
of any later Latin teasetation than is showu in these three 
examples. 

We come now to our third species — Byzanthte mosaic — which 
iodades all that was done in Greece and Asia Minor, aud much 
that was done in Italy, from tlje transfer of the seat of empire in 
the year 329, until the Italians began to learn from the Greeks to 
practise the art for themselves. Histofry tells us that Coiistantiue 
took artificers to Constantinnple with him skilled in all thu arts 
of Rome ; and heuce we naturally find that the earliest Byzantine 
monomenta can scarcely be distin^uiiihed from the classical ; but 
the new soil aud the old soil soon caused the same parent stock to 
bear vsry ditferent fruits. Byzantium rose as Rome sank. No 
doabt a freer intercoiu-se with the nations of the east, aud more 
•specially with Persia, soon led the Greeks to eugraft enhanced 
brilliancy on their fading recollections of classical art; and 
gorgeoasues« iu costume, in textile fiibrics, in illuminated manu- 
•cripts, and in pictorial mosaic, soon usurped the foremost place, 
ooee assigned to severer sources of beautiful efect. To the pages 
of Hope, Lord Lindsay, Gaily Knight, Vou Quast, Salscenberg, 
and Cijimpiui, I must refer my hearers for detailed information 
upon the productions of the Byzantine mosaic workers, content- 
ing myself with noting that it i^ in their earliest labours at Santa 
8o6a at Constantinople, and in the churches of San Nazareo e 
Celso (thp tomb of Gatla Plat'idia), San Vitale, and tlie two 
churches of Sant Apotliuare di-fuori, and dl-dentro, at Ravenna, 
that the huest models for our imitation are to be met with. 
Byzantine pictorial mosaic is exclusively upon gold ground; and 
there is ample evidence that from the ilate of the commencement 
of the iconoclastic troubles in 742, when multitudes of Greek 
artists and monks were driven out by persecution to seek a pre- 
ttriooB living iu foreign countries, the staple of such work was 
invariably execut<>d, and the necessary materials probably manu- 
&ctured by these itinerant mosaiciata. What are to be peculiarly 
admired in the Byzantine interiors are the breadth of decorative 
effect invariably aimed at; the good proportioning of the scale of 
llie pictures and ornameuts to the distance from which they 
nqaire to be viewed ; the judicious use of bands, margins, aud 
ftriog-ooTtrses, to keep their compositions distinct, and make 
them subservient to an architectural disposition; aud the judg- 
ment with which they invariably accentaaie or emphasise leading 
architectural features. For instance, nothing can be happier than 



the mode in which they almost always treated the soffits and faces 
of arches, and the arretea or aalieut angles of vaults. Many of 
these may be seen in the sketches now 3ubmitte<J, the whole of 
which were ctecutetl by me from the original moilels. No 
arrangements of decorative form can be happier than such as 
exist iu some of the cupolas of St. Mark's, at Venice, of which I 
otfer to your notice after the oonclasion of my paper some careful 
sectious taken from Kreutz's elaborate work. 

Next to Constantinople and Ravenna, Rome certainly offers the 
noblest specimens of Greek work; done probably, to a great ex- 
tent, through the "Scuola Greca" established by Pope Adrian I., 
in the year 782, aud attached to the church of Santa Marin, in 
Coamedino. As if to i-eward the patronage of the pontiff, the 

6reat mosaic of Santa PadeuzJaua, done iu his days, is by far the 
est in which the Greeks ap]>ear to have played the leading part. 
The mosaics executed at Rome for the next three centuries, 
although numerous, and on a grand scale, exhibit — with the ex- 
ception, perhaps, of those of Santa Prassede— a marked falling 
olf. Iu those of the apse of San Clemente, carried out early iu 
the thirteenth century, a decided revival is m-auifeated, but des- 
tined to burn brightly for a short time only; being as it were 
almost the last horuing up of tlie already waning name, which 
had for so many centuries shed a brilliant light from the capital 
of the Eastern Empii-e far and wide over the continent of Europe. 
We now come to the fourth, or Greco-Ttalian series, which are 
import'int on two accounts — firstly, because they illustrate a 
gradual era.tuoipatiou from ti-aditiou in the limitation of subjects 
aud action ; and secondly, because they constitute the transition, 
which ended iu the transfer of the art, from one nationality 
pecuHarly fitted to maintain techuicjil efficiency, to another not 
less (jaalitied to graft pictorial excellence ou mechanical precision 
aud perfection. The first mosaics executed iu Sicily — those of 
the Church of the Admiral and of the Oapella Palatina — bear 
Greek inscriptions, and were wrought by Vi reeks, — iu the first 
exclnsively, and iu the second probably under the guidance, as 
to design, of Saracenic artists. 

For the later aud far more extensive works nt Monreale .ind 
Cefalu, the mixed races, protectee! uuder the Norra.in domiuioO| 
each contributed their quota of skill. The Duca di Sernwlifalc 
aud Cicoguara, agree in recognising the influence exerted on Pis*" 
by the advance made in Sicily, and, through Pisa, Sienna an<l 
Florence, were ultimately unquestiiiniibly stimulated to rapid 
adv.iuce iu art. The cathedra! at Monreale — a beautiful drawing 
of the interior of which, by the late Herr ZtuUli, was bequeathed 
by him to ibis Institute — offers I believe, next to Santa Sofia at 
Constantinople, and St. Mark's at Venice, the noblest and 
grandest instance of a church decorated throughout with luoaaic. 
Having worked Lard in it for many a day from dawn to sunset, I 
can bear a humble testimony to its invariable beauty under every 
changing ojnditiou of light and shade. Whether bathed in sun- 
shine aud all alive with glowiug colour, or almost dark at closing 
day, retaining to the last some lingering gleam upon its gilded 
wulL-faees, its aspect is one, not of gaudineas nor gloom, but of 
serene aud diguified magnificence. As in Sicily, so in Venice, 
the art was at first kept entirely iu th«> hands of Greeks, wlio 
not only worked at St. Mark's, but at Torcello aud Murano as 
well. In the latter island they no doubt laid the foundation of 
the glass trade, previously n Constantiuopulttan monopoly, so far 
as the more difficult branches of the manufacture were concerned. 
From the Murano ghiss-houses, fivm the Scuola Greca at Rome, 
and from a manufactory established at Palermo, aa well .-w by 
direct importation from Greece, the materials were supplied with 
which the Greco-Italian mosaics were executed. The profits made 
by the itiuemut Greeks iu Italy, coupled with an increased 
demand for works of decoration consequent on the wealth 
accumulated by the northern republics, through trade gains, soon 
caused au attempt to be made by the Italians to break up the 
Byzauline mouo|.>oly. 

The success of this attempt led to the development of the fifth 
species of pictorial mosaic, which I have designated Italinti 
monumental. It was in Florence, early in the thirteenth century, 
that the transfer of the monopoly was consummated. Andrea 
Tufi, a Florentine, having insinuated himself into the confidence 
of certain Greeks working ou St. Mark's at Venice, prevailed at 
last — as Vaaari says, " con preghi con danari, e conpromesse" — 
on a certain ApoUonius to go to Florence, aud work with him 
upon the mosaics which still line the vault of the Baptistery to 
that city. A rival of Andrea's was the even more celebrated 
Miuo da Torrita, who, having ^voad wa ^'ss'inkt ^J*^Bi.Qraj^ -^^jr 
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bablv less ncciirate knowledge of the Greek processes, preceded 
Andrea in working on the Baptistery. Subsequently (i.-iddo Gaddi 
vaa employed as &u assistaut oij these works ; and by these artiats, 
«.nd by their pupils, and [mpib' pupils, almost all the pictorial 
moaaica subsequently executed in Italy were curried out. Among 
such may be specially noticed, as combining fine executiou and 
decorative colour with really good art, the splendid apse lining of 
San Giovanni Lsiternun, and Santa Maria Maggiore, at Rome; 
executed by Mino da Turrita and Gaddo Gaddi, by the latter of 
whom Giotto's celebrated " Jf avicella," at St. Peter's, was also 
wrought. 

So highly did the Italians esteem the proflucts of Andrea's 
combined talent and canning, that after his death they honoured 
him with the following epitaph: — 

" Qni giAce Andrea, cli' o\)n li^iailn e belle 
Frw ill tiitln Tosaoio, td ora o tto 
A tar rago lo regno delle sItUe." 

Pietro Cavillini and the (.'osmati subsequently obtained re- 
putation by their mosaic, principally at Rome; the latter work- 
ing in the Gothic manner altogether. I have every reason to 
believe that the Greeks continued to labour at Venice long after 
their services were disfjenscil with in other cities of Italy; al- 
though, after 1400, 1 think the work at St. M.ark'a to have been 
altogether Italian. With the uprising of the great school of 
fresco painting, the employment of mosaic, a far more costly 
decoration, was to a great extent dispensed with; although at 
Pis-o, Orvieto, Sienna, and Rome, both styles of mui-al embelliah- 
mcnt are constantly to be seen together. Their union is not, 
liowever, to be adiuired, owing to their iine(iual durability — the 

fM>rm.inence of the colour of the one frequently making need- 
essly conspicuous the fading or staining of the otlier- The beat 
early lienaiss.ince monuuicntil mosaics with which I arii ac- 
quainted are those from the designs of Ralfaelle in tlie t'apella 
Chipiana, in Sant^i Mstria del Popolo (illustrated iu colour by 
Mr. Grunor), and the vault of a subterranean chapel in Santa 
Croce in Gierusalemme, at Rome; the design of which is attri- 
buted to Baldassare Peruzzi. The best late Renaissance mosaics 
on a grand scale are unquestionably the magnificent decorations 
of the vast cupola and pendentives of St. Peter's — models which 
one would fain see rivalled, not slavishly imitated, in our great 
metropolitan cathedral. For the production of the Papal mosaics, 
a fabnca, or government establishment, was founded, which has 
sot failed, up to the present time, in providing materials and 
labourers equal to the repair of old and the initiation of new 
work; equal in all respects to, and surpassing iu some, the pecu- 
liarities of each style we have hitherto noticed. 
{To be eontinvtd,) 
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ON BENSON'S HIGH PRESSURE STEAM BOILER. 

By John Jautbb Rvssexl. 

(Concluded from page 88. J 

The leading feature of this boiler is the use of the circnlating 
ptinip, to maintain a constant and regular circulation of the water 
through the entire set of tubes forming the heating surface of the 
boiler. This principle of mechanical circulation is found essential 
in order to carry out comi)letely the idea of a tubuKar boiler, ui 
which the heating surface consists entirely of the tubes having 
the pressure internal, and thereby attaining a maximum of 
strength and safety with a minimum of material. The rapid 
generation of steam in the lower portion of such a l)oiler would 
so lar choke the passage of the tulK?s as to check the natural cir- 
culation of the water, and cause the tubes to be rapidly burnt out. 
The objection arising at first against the .adoption of artificial or 
forced circulation instead of natural, — that it is not self-acting 
and may therefore be liable to cause interruption to the working of 
the boiler,— has been satisfactorily proved by tlie results of the 
continued working of this boiler to be practically met by the 
simplicity of construction of the circulating pump, as shown in 
Fig. It\ Plate VI., previously described. During the ten months 
that the boiler has been in continual work the circulating pump 
luis .always wi>rked well, and never given any trouble except from 
causes foreign to its principle of working; such as the water 
freezing in it and bi-eaking it, which occurred once during the 
lale severe frost. In first raising steam in the boiler no difiicuhy 
is ex pericuced from the circuhitiuij pump not being at work, since 
f/fcf tubes do vot ivqu'ire cjrcujulioa of the water until steam is 



raised, and the pump then starts with a small pressure of steam, 
BO little power being required to work it. 

The portability of this boiler is an important practical advan- 
tage for several cases of application. The largest piece, the 
receiver, is only one-tenth the size of an ordinary boiler of the 
same power; and the tubes can be packed in bundles, giving 
great advantage for shipping over other boilers both in the reduc- 
tion of total weight and in the increaswl facility for stowage. The 
economy of space is very great, and an important advantage iu 
many situations where space is limited and valuable; the 
apace occupied being only one-sixth to one-fourth of that 
required for ordinary Cornish or cj'Iindrical boilers of the same 
jiower. 

Owing to the duplication of parts in its construction, the 
cost of tne boiler is but little more than that of ordinary boilers 
aliove 25 horse power, including the circulating pomp and all the 
mountings. A small boiler of the kind costs more in proportion 
than a large one; for iu all cases it is best to have an independent 
circulating pump, and a small pump costs nearly as much as a 
large one, Iu this comparison it is supposed that the steam ia 
worked at the ordinary pressures in both cases, say from 25 to 50 Ih. 
per square inch; but the suitable working pressure for the new 
boiler is 100 to l.'iOlb. per square inch, with the steam super- 
heated and worked expansively; when thus worked and compared 
with other boilers iu hrst coat per horse ])ower, the new boiler ia 
much cheaper, and in all casr^s far cheaper for transporting and 
setting Iq masonry. The average thickness of the boiler tubes is 
not more than \ inch, and their whole surface is effective hoatii^ 
surface; this results in a great saving of weight compared with 
ordinar)' boilers with plates i to i inch thick. In comparison 
with marine boilers the new boiler can bo ra,ado mucfi cheaper 
than those on the ordinary mode of construction, while the facility 
for repair gives a decide<l advantage. 

Though the steam and water from the tubes ai'e discharged 
together into the receiver, there is a complete sepai-atiou of them, 
and there has not been the least trouble from priming. More 
fully to prove the fact of their separation, cocks have been jjlaced 
on the upper and lower sides of the delivery pipe G, Fig. 1, leading 
from the tubes to the receiver : from the upper cock nothing but 
steam was found to issue, and from the lower nothing but water; 
and sup|>osing priming to be caused by taking steam from boilers 
exposed to the direct action of the fire, it is effectually prevented 
in this boiler for the reason that no fire acts upon the receiver 
containing the water, from which the steam is taken off, and con- 
sequently the water remains in a quiet state. Superheating of 
the steam is effected by returning the steam from the receiver 
back by the pipe R, Fig. 2, to the upper part of the furaace and 
passing it through a suificient numner of superheating tubes S, 
whence it ia taken off by the Steam pipe T to the engine. The 
superheating tubes S are arranged and united t«')gt9tlier in the 
same manner as the boiler tubes, and are consequently as simple 
and convenient to get at for erecting and repairing. 

The evaporative duty of the boiler with Staffordshire alack h.as 
been 5^ lb. of water per lb. of fuel, without covering the receiver 
and steam pipes to prevent condensation. Steam has been raised 
from the time the first shovel of fire was phiced iu tlic furnace 
when colli, without wood or forced draught, to 10 lb. pressure m 
25 minutes, when the steam was saificieut to start the circulating 
pump; in 10 minutes more there was 35 lb. pressure of steam, 
when the engine was started; and in 10 minutes more, being 4d 
minutes from the time the first the shovel of fire was put in the 
furn.ace, all the machinery driven by the engine was iu operation 
auil there was suffjcienL steam to firoduce all the power required. 
This wiis with only I'riths of the boiler or 4G0 square feet ot heat- 
ing surface, •^^\b of the boiler being then not at work. The 
practice at dinner hours and other times when the engine ia 
stoppevi has been to close the damper, open the firedoors, and 
cover the fire with ashes and slack, aud work the circulating 
pump as slow as its construction will permit; this eutu-ely prevents 
generation of steam, and in the meantime saves the tubes from 
overheating. For starting the engine again, the fire is stirred tip 
aud supplied with coals 5 or lu minutes before steam is wanted, 
which is ample time to generate a regular and sufficient quantity 
of steam to commence working all the machinery driven by an 
engine of GO horse power. Steam can be regularly maintained 
in the boiler that has now been in use for ten months, with a 
variation of from 10 to 15 lb. pressure when all the work is on the 
engine with 40 to .W lb. steam in the boiler. The pressure cannot 
be maintained with quite the same regularity in this boiler as in 
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ordinary boilers, on account of the comparatively small amount 
of fteam room; at the same time it is found that a sufficient 
quantity of steam is made with regularity enough for all practical 
purposes. 

For the purpose of ensuring that the preasui-e of steam supplied 
to the engine shall never exceed the intended limit, and of pre- 
venting any risk of injury to the engine by over pressure arising 
from the comparatively small steam room in the boiler, the regu- 
lating valve shown in Fig. 9, has been designed by the writer, and 
ii fouQtl to fulfil this object with complete success. It couaists of 
a double-beat valve U, having a piston V below it fixed upon the 
iame spindle and of the same area as the lower valve,and aupjrarted 
by a spiral spring which presses the valves open. The steam from 
the boiler, passing through both the valve seats, is delivered to 
the engine by the pipe W; at the same time it acta upon the top 
of the piston Y, compressing the spiral spring below to a greater 
or leas extent according to the pressure of the steam, and thus 

Ljiartially closiiig the valve and withdrawing the steam whenever its 
preaaore at entrance approaches the intended limit. The spiral 
spring is adjusted so as to hold the valve full open until thia 
limit of pressure isnearly reached; but whenever that takes place, 
the partial closing of the valve checks the supply of steam and 
prevents the pressure of the steam supplied to the engine from 
rising above the intended amount. The bottom of the spiral 
■pring is carried by a cylindrical cap X, sliding vertically and 

J anpported by the end of the weighted lever Y, which is adjusted 
to balance the pressure on the piston at the limit of steam pres- 

\mu*. Aa aoon as the intended pressure is exceeded, this lever 

Lis deprMaed immediately, closing the valve entirely and shutting 
off the supply of steam, thus preventing any increase of pressure 
is the steam pipe \V when the engine is standing, which would 
Otherwise be occauioned by the accumulation of steam gradually 
passing through the contracted opening of tlie valve that serves 

tto supply the engine when working, A safety vnlve Z is added on 
the top of the casing to make the precaution complete. Thia 
regulating valve is in constant work, and maintains the steam 
fupplied to the engine at a uniform pressure. It may also be 
applied with advantage to low pressure and high pressure enjjines 
■Working in connection, serving completely to regulate the limit 
of preiisure of the steam supplied to the low pressure engine. 



BKVIKWS. 



THE SOCIETY FOR THE ENCOURAGEMENT OF THE 
FINE ARTS. 
Sixes Oiir last record of the protwediags of this society, it would 
tfleem to have gained a firm bold upon public favour. Nor is this to 
Ibfl wondered at, considering the inducements it uffers to its mem- 
I Iters at so nominal a subscription. An institution such aa this, 
■where those engaged in the higher branches of art could regularly 
associate one with another, and each in its turn lend its aid towards 
the furtherance of the common good purpose, had long been a 
desideratum; and when the scheme was broached, now scarcely 
three years ago, it was based on so liberal a plan, and was so 
cheerfully seconded by influential men in the sevenal departments, 
as at once to inspire confidence of an ultimate success. The 
•ociety has now recommenced its series of concermzioni for the 
•eason. At the first, held at the "Winter Exhibition," 120, PnD- 
jnall, by the permission of Mr. Wallis, the proceedings of the 
evening were nnuHually attractive, since in addition to the musical 
eulertaiument, which forms so agreeable a feature at these gather- 
ings, the prize medals awarded last session were presented as 
follows : — for *' Historical Painting," to Mr. Maacus Stone ; for 
"Landscape," to Mr. McCallum; for " Genre," to Mr. Calderon; 
for "Water Colours" (two prizes), to Mr. S. Read and Mr, 
E. n. Warren; for "Sculpture," to Mr. G. Halse; and for 
••Architecture," to Mr. A. W. BlomfieUl, in consideration of the 
"Mission House," just completed in Bedfordbury, Westminster, 
from the designs of the latter gentleman. The second cmiveraa- 
sione WAS held last week in the galleries of the "Architectural 
Exhibition," Conduit-street, and the next, which is arranged 
for the 1 7th of the present mouth, will take place in the Exhibi- 
tion rooms of the Society of British Artists, in SufiFolk-street, 
Pall-mall. During the remainder of the season, successive monthly 
convertazifmi have been organised for ditferent localities, in addi- 
tion to the usual Thursday evening lectures, which for the prcfsent 
month stand thus : — April 3rd, "On Common Things in reference 
to Art," by Mi-. James Fahey; 10th, "On the Street Architec- 
tore of London," by Mr. James Edmeston; 24th, " On Painting 
and Painters in England from 1760 to the present time," by 
Mr. H. Ottley, the Hon. Secretary to the Society. 



The Dictionary of Architecture, from FEL to FYN. 
The Architectural Publication Society. 
We have already had occasion to speak in the highest terms 
of the Dictionary of the Architectural Publication ^society, and 
to urge the importance of supporting that Society upon our 
retidera who, w© may add, will find the volumes issued by it 
fully to repay the very moderate aubacriptiou in return for which 
they are furnished. The part before us quite keeps up the char.-»c- 
ter of the Dictionary, both for comprehensiveness, for miunte 
investigation, and for trustworthy accuracy. As specimens of 
the varied nature of its contents and of their excellenee, whether 
the matter under discussion be theoretical and aesthetic, practical, 
or historical, we cannot do better than mention ihe articles 
occurring under the words Fi^amboyant, Footing, and Fontana : 
we subjoin an extract from one of them : — 

" Footing op a Wall. The projecting first or lowest conrses 
■tone or brick, at the bottom of a wall, which are intended, by providi ^ 
a substantial bsfle, to prevent the wall from cutting into the foundataon, ' 
and from ulipping or sliding upon it. When stone in used for the footing, 
it<)lxould be hud in hu^e Hizesof even thickneHs in level be<lii throughout 
each course. When brickwork is used, the intention of the footing is 
often fnwtrated by the introduction of inferior bricks, and even of bats, 
drowned in mortar. Paaley, Lima, etc., 8vo., Lomlim, 1836, 2<i<5, a.tid 
App. 32, speaking of some preaumed failures in governiiiGnt w««rk«, 
oliservea that care most he token, in coiumcncing the brick footings 
of a building on a concrete foundation, m'lt (inly to use ctnnent, mortar, 
and boop-inin bond, in order to do away with the necessity of the mtpre 
expensive expedients of Yctrkshire landing Ktonen and chain timbers, 
but also to construct inverted arche» under all the pnip'sed openings for 
doors and windows, in order to er|uaJizti the pressure. It may be men- 
tioned that the footing courses of the pillars of Lincoln cathi,*<lral haw 
so much projection that they extend lat«rally until they meet tlioee of the 
side aisles; Penrose, in J/erftoim, etc., read at meeting of Archwological 
Institute held at Lincoln 184H, Svo., London, 18.50, p. 183. The footingK 
<if the catlie<lral at .Amieiui are given by VioUet le Due, Diet., «. v. 
Construction, 176. Footini^s should never lie leas, it is said, than 5 feet 
below the surface in clay lands, and no drain should be laid below the 
level of them; ouniKquently the necessary precautions must be taken 
to prevent, above a certain height in the walla, tlie rise of damp from 
land springs or other causes." 



Hand-Book of the Slide Rule. By W. H. Bailet, H.M. East 
India Civil Service. London : Bell and Daldy, 1861. 

This book is a good instance of the value of a work thoroughly 
well done. Long practice has evidently made Mr. Bailey a per- 
fect expert in the use of the slide rule, which he makes applica- 
ble (to quote the words of his friend in the opening dialogue) 
" to all sorts of cases; and tosses off his answers as if it gave 
liim no trouble at all." Being thus a master of his subject, and 
as a natural consequence hsving his heart in it, he proceeds with 
gi-eat ability, clearness, and in a most rejidable way, to offer all 
who care to learn the benetit of his knowle<lge and skill. This he 
efi'ects by giving, not only a lucid explanation of the slides and 
the way of handling them, but also some very serviceable ubles, 
and short and reaiAy arithmetical rules. A third point, and the 
most valuable of all, is the host of examples (showing the motie 
of working in every instance) with which the book is filled, and 
which certainly seem to show oui* author's wooden rule of three, 
well handled, to be indeed a divining rod. The principle adopted 
throughout is, that what is worth karning at all is worth leaj-ning 
well : and we believe that any one who has aa ordinary head 
for figures, and reads the book with his slide rule in his hand, — 
carefully noting the explanations, storing his memory with a few 
useful numbers, and faithfully going through each example step 
by step, — wiU find at the end of his study that he has acquired 
something verj'like a new faculty in computation. 

We extract a few examples to show the wide field open to the 
application of the slide rule in Mr. Bailey's practise<l hands. 
Those who wish to acquire equal facility we must refer to the 
volume itself, 

"Ex. 828.— Let Fig, 3 represent a field of a 
trapezoidal shape, in which AB ::: 320 feet, CD = 
720 feet, and the perjiemhcular Ae = 300 feet. 
lt«<iui«:d tlve area in acres. 
A 4 S ,v:n-«. 1040 (lum) 



B 



300 



STViQ 




l*^ 
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Ex. 414. — Let tho following figure represent the section of ft nulway 
cutting, of which the roadway is 640 feet long, and has its width 30 feet 
throughout. 

Fio. 2. 




At the smaller end the width at top is 90 feet, and the perpendicular 
depth 12 feet; at the other end the width at top is 230 feet, and the 
perpendicular depth 40 feet. Required the content in cubic feet. (The 
two parallel ends being trapezoids, their area is found by multiplying the 
mean width by the height) 

60x12= 720= area of end \ 
130x40 =5200= area of end / 
>TK^ a- 1^8 00X640 



190x62=9«80=4m 

15800 
A 1C863S3 cab. ft. 



640 
6 



B lewoo 

Ex. 454. — Required the weight in Ibe. of a bar of wrought-iron 2^ ins* 
square and 108 inches long. 

• A 8S.51 "Diraor" 
108x2-25»lB 103 



■5 



3-561 j C 154 Iba. 

2-25 



154 Ibi. 



2-25 



,., 108x2-25« C 108 

~ 1885» D TslS 

. ^- 478. — Suppose a field measured with an imperial chain of 66 feet 
pves acontent of 86 acres; and doubts being expressed as to the correct- 
ness of the chain, it is measured again with a standard chain, and found 
to be 8"95 acres; — how many feet was the first chain too long ? 
Here ^8-6 : v'8-95 : : 66 : a;. 
C 8-6 8-95 



66 



67-3; or 1'8 ft. too long. 



Ex. 4784. — Suppose a field measured with a chun said to be 50 feet 
long, and entered as 3 acres, is again measured with a chain known to be 
correct, and found to be 2*9 acres;— how many inches was the first chain 
too short! 

Here V'3 : •29 : : 50 : ar. 
C 2-9 3 



49-85; or tf inches short 



50 



Ex. 519. — If a shaft making 68 revolutions a minute has six drums 
upon it, whose diameters are respectively 24, 16. 18, 32, 14, 30 inches, 
«M;h of which drives a separate machine, what wQl be the diameters of 
six others to replace them, when the speed of the shaft cannot be kept 
up above 62 revolutions per minute ? (Here a reduction of speed is equi- 
valent to wheels of larger diameter.) 

A 



B 



14 
is-s 



16 
lT-5 



18 
1»-T 



24 
S6-4 



82 
U-l 



SO 
tax 



68 
62 



DI8CHAR0B THROUGH OBinCES. 

CireuJar orifice. "Velocity in feet per second = -^depthxS-l. 
Ex. 627. — Rctiuired the velocity in feet per second, of water issuing 
from an orifice whose centre is 11 feet below the surface of the water. 
C 1 11 



8-1 



2-69 



Reetanffular orifice opm to turfaee. Discharge in cubic feet per second 
_ area in square feet x ■/depth in fee t 

A/-8C4 

Ex. 530. — What is the horse power of a double-acting low-pressure 
engine, workiii;^ at full stroke, the diameter of whose cylinder is SO in., 
the stroke 5 fuel, tlie numl)er of strokes 22, and effective pressure on the 
piston 9-3 lb. {Mr square inch ? Tlie " velocity "=5x2x22= 2-20. The 
pressure per oircular inch =7-3 lb. 

Then H P = ^^^'X^Sx 220 30* x 1600 
33000 — 33000 



A 


8S0O0 






c 


IWQszpXv 




48-8 H.P. 


D 
C 


1600=px» 


or 


30 
48-8 H.P. 



D 181-66 30 

Ex. 531. — What will be the horse power of the above en^e if worked 
expansively, with a mean pressure of 6*1 lb. per square inch, or 4*8 per 
circular inch T 



{ 



A 


83000 






h 
c 


1066=j>x« 




»H.P. 


b 
c 


1056 =px» 


or 


80 

39 H.P. 


D 


181-66 




30 



OEFBEBSION OP THB BOBIZOir. 

The curvature of the earth in feet, when D = distance in statute miles, 
is I D*; which at the distance of 1 mile, would make a difference of level 
of 8 inches. But as the effect of ' refraction' is to raise a distant object, 
the difference to the eye, is { D*, or 6§ inches in 1 mile. So that if the 
horizontal wire of a levelling instrument duly adjusted, is in a line with 
the window sill of a house 1 mile off, the sill is ro&lly 6| inches below the 
wire of the telesctipe. On the surface of the oeean, and at long distances, 
the effect of the curvature of the earth must be taken into consideration, 
and the formula A = f D>, is set as follows on the slide rule, so that 
either the *' difference in feet," or the " distance in miles,'* can be fomid 
for a whole series, at one setting of the slide. 

Ex. 638.— If my eye is 22 feet above the sea, and I can just see on the 
horizon a Ught (of a lighthouse) known to be 125 feet above the sea* what 

is my distance in miles! (: 



■''=\/'-T 



22 



126 



D 3 88 W 

The answer is 6*3+15=21 '3 statute, or 181 OAntical miles. 

We need hanllj add that we warmly recommend the Hand- 
Book of the Slide Eule to all whose duties lead them to count 
and measure. 



Modem Architecture : Illustrated by Views and Plans of Gothic 
and Classic Buildings which have been erected since 1850, 
from the designs of James Murkat, Architect. Part I. 
Coventry: 1862. 

The first part of this work, just issued, is before us. When 
completed it will consist of about sixty plates, twenty-five of 
which will be views executed in lithograpny by the author, and 
printed in tints; the remaining plates are to be plans and sketches 
of the various works. Part I. contains five plates, and illus- 
trates the Cliurch of St James, at Stratford-on-Avou, a pair of 
Villas at Coventry, and a Drinking Fountain at Stoke-npon- 
Trent. These buildings are all good in their several ways, and 
present examples of novel treatment of familiar subjects. The 
drinking fountain in particular forms a most striking exception 
to the great majority of such fountains. The material is Mans- 
fieldstone; tho shafts of columns being of red granite, and the 
back of recess of terra-cotto, repi'esenting water-plants, ferns, 
&C., in low relief, and ft-om this springs a jet of water. The 
fountain isoneof the bestdesigned we have seen, and fully bespeaks 
its purpose. The ornamentation is judiciously confined to the 
upper part, beyond the reach of accident and wear. The idea 
of the jet springing from the water-plants is pleasing and appro- 
priate, and one which might with great advantage be applied to 
some of our metropolitan fountains, many of which are so very 
inconsistent in character and choice of materials. The subject is 
moreover engraved in a way which leaves nothing to be desired. 
Mr. Murray's name has for a considerable time bmn f&vourably 
known to the public; we do not doubt that this series of plates, 
which we shall hope to notice again when the publication shall 
have advanced further, will add to his already well-eamed 
reputation as a skilful and original designer. 
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CfiulderationJt rMpecting the Figure of the Earth in reltiHon to the 
aetion qf Centrifugal Force^ nnd to the attempt* to determine the 
EUiptieity of the Ghhe by Fendulum E-rperimentt, By F. C. 
Dakewelu London: Longman & Co. 

The Articles by Sir. Bakewell on "A New Theory of the Flgnre 
at the Enrth," which appeared in the August ami November 
Dumbera of our Journal, have been piiblishe<l in a separate form 
eonsidembly enlarged. The argnmeot aa now presented may be 
tbu« sammed up:— 'In a rotating »oUd spheroid the centrifugal 
force i« completely absorbed by the large roaan of matter ccliected 
ftt the equator, and the attraction of particles on the surface is 
therefore towards the poles; that assuming the attraction on a 
solid rotating spheroid to be in those directions, it follows, that 
the earth could only hare received its present spheroidal shape, by 
tlic action of centrifugal force, when it was in a fluid state; that 
during the subsequent process of soliditication the mass must 
have contracted, and the velocity of rotation have been thereby 
inerease«i, after the formation of a solid crust prevented the ad- 
jofttmeot of form to the increased velocity; that under sadi cir- 
eamatiuioM the equilibrium would be disturbed, and that the 
diffrraacti now observed in the attraction of bodies at the equator 
Mad at the poles is due only to the exceita of velocity, above the 
velocity of equilibrium which was established when the ma-sswas 
in a flaid state. From the foregoing premises it is inferred, that 
TiriatioQs iu the vibrfttion.i of the pendnlnm in different latitudes 
indicate only the edect of the e.icess of velocity above the rate of 
T'tation when iu a fluid stnte, aud that calculations of the figure 
of the earth founded on those variations, or on the estimates of 
the etTecU of centrifugal force, must be erroneous, becuu.se they 
rest on fallacious bases. It would appear, therefore, that the only 
reliable means we possess of estimntiui; the tigure of the earth are 
I bv actual mcAsnrements of arcs of the meridian. It will be 
ft{>9erved that the latter position depends on proving that the 
vwih must necessarily have been origiu&lly in a fluid condition, 
and that proof restii on the arguments adduced to show that the 
attraction of (Nirticles on the surface of a solid rotating spheroid 
is towards the poles and not towards the equator. In endea- 
vouring to establish that fundamental part of his theory, Mr. 
ikewell has adduced several additional arguments and illns- 
itions, but the following is the one on which he seems princi- 
pally to rely: — 

"Thp ivdmttted fact, that a particle free to move on the surface of a 
.Jplid apberoid at rent woulil be attracted to the iihoit«8t<liiuueter, affords, 
1, a conclusive argxiinent in support of my view, tl»»t such particles 
be drawn there al«o wh<jn the spheroid was in rotation. It Injiiijj 
i, for example, that particles would be drawn to one of the poles 
f • spheroid at rest, it is evident that they would renuiin there until the 
spheroid had attained a volooity of rotation sufficnent t'l overcome the 
pohr attraction. Not only so, but they would, if placed on any part of 
the apheroid, \te attractei! to the poles, notwithstanding ths action of cen- 
trifugal fopoe. Thus, then, we |>eroeJve that, in accorJaace with the lnw 
^'fstablished by the luust eminent matht^maticianH, wator nn the surface of 
1 solid rttaUng sphemid would t>o attracted to the axis untU the velocity 
" rotation werv> suthciently rapid to counteract the attraction to the |>oles, 
I there any cvidonco to prove that one re .solution of the globe in twenty- 
four boiir« ii mitficient to counteract that attraction? Observed fact; 
seem, on the contrary, to contnwlict luch a supposition, for we know 
that the attraction of nutter increases nn proceeding from the equator t<> 
the poles. I might, indeed, be content to rest my hypoth«»i« on this ml- 
Oiittod law, that moveable particles on a solid spheroid would he drawn 
toirarda the axis utde«8 ' tliuy were prevented from bein^ so by a mjfi' 
eienlly c/ujUenxeting centrifugal foroe." 



L indeed. 



Gothic Memorials. By W. C, BRANowrsf, Architect, Parti. 
London: 1862. 
Tbia pablioation contains a series of designs for head-stones, 
ecossaa, ronral monuments, and similar objects, apparently drawn 
hf the author, nnd printed by the anastatic process. They are, 
M the title implies, all of them of Gothic character, and of 
▼aried and on the whole clever design, anil many, especially 
of the mural tablets, are somewhat elrtborate. These drawings 
«re perhaps more successful than the plainer ones, which 
all err more or less, by a want of that sobriety and aimpH- 
eity which onght to characterise the design of all small objects 
the destination of which is of so solemn a nature as that of these 
"memorials." The mouldings, splays, stoppings, &c. to<.i, as 
shown, are put in with a heavy han<l, and seem to betoken that 
the author hna studied more closely the productions of his cou- 
tenipvrahea than the works of the mediwval masters, wboM 



monumente are conapicnoua among all their works for delicacy of 
detail and simplicity of conception. 

We do not make these obeervationa with any desire to deny the 
origiualityand powerof design of which thette plates afford eviilence, 
but because we feel that when, by engraving and publication, an 
artist puts bia designs before his protessional brethren .ind the 
world, as things from which they may learn, and which they would 
do well to muke themselves poaaeaaea of bv purchase, we have a 
right to expect marks of study and care beyou<l what it seems 
to us have been bestowed ou these sketches, and more analagoua 
to the trouble their author would no doubt bestow upon works 
actually intended for execution. 



Hinit on Fentilation, By John Lodoq, Architect, Surveyor, 
and Valuator. Maidstone: \bW. 
This pamphlet, the substance of which originally appeared in 
the 'Dublin Medical Press,' shows a practical acquaintance 
with the subject. The author has procurtd d.ita especially with 
regard to hospital ventilation, which arc of considentble interest 
and value; although he baa not perhaps arranged them so syste- 
matically, or made quite aa great a use of them as he niight have 
done. Still the pablicatiou only pretends to contain " hints," and 
not to be a complete treatise, and as such deserves attention. 
There is a list of works executed by the author appeinled, which 
it would have been in better tastu io have dispen-ied with. 



The Royal Inititute of British Architects. — Subjecte for Medah 
and Frizet^ 1802. — The council will proceed, in January 1861), to 
take into consideration the appropriation of tlie Royal Medal. 
Tho Silver Medal of tlie Institute will be awartled to the author 
of the best essay on either of the following subjects : — (1) The 
application of coloured bricks and terra-cottato modern architec- 
ture; (2) The application of timber work in England, construc- 
tively and artistically, from the year 1400 to the present time; 
(:)) Uii the stained ginas of the twelfth and thirteenth centuries; 
(4) On the use of concrete for vaults and roofing purposes. The 
Silver Medal of the Institute, with five guineas, will he awarded 
for the best illustrations, geometrically drawn from actual mea- 
surement (with dimensions figured, both on the drawings showing 
the general arraQgementa, and on the details), together with 
descriptive pjirticulars, of an abbey gateway, a 'bridge, or other 
Mediaeval building in the United Kingdom, hitherto unpublished 

ill that manner. The council suggest certain subjects. Soane 

Atedallion : The Soane Medallion will be awarded for the beat 
ilesign, well illustrated by a auflicient number of drawings, for — 
A parochial church to contain 1500 persona, aud ari-ange*i for the 
Protestant worship, without any detached ctdumns or piers, and 
so OS to leave the sight and view clear and unob8tructe<l through- 
out. The style may be either Italian or Medineval. The success- 
ful competitor, if ho go abroad within three years after receiving 
the medallion, will be entitled to the sura of i,'50 at the end of one 
years' absence, on sending satisfactory evidence of his pnigressand 

his studies. The Prize offered by the President, Mr. Tite, 

M.P~, FJt.S.: Ten guineas, will be awarded to the author of the 
best set of architectural drawings, executed in the best manner, 
and in the Italian style of architecture, for pnblic bnildiuga 
adapted to modern wants, «.g. churches, towo-hall«, railway- 

sUtions, T)ublic offices, &a, in England. Sir Francin E. Scoff* 

Prize: Ten guineas will be given to the author of the Iwst set 
of <lmwings for a building of moilerate dimensions, devoted to 
civic or domestic purposes, in accordance, throughout, with modem 
requirements, and designed in harmony with the style of archi- 
tecture of the thirteenth or of the fourteenth century. The sub- 
ject of the design for the Students' Prize in Books for the year 
18(52 is " A Drinking Fountain." 

Improved Omnibus. — An improvement in these vehicles has 
long been needed, but those constructed to give more comfortable 
sitting room and other conveniences have been of such increased 
size as to prevent their general ailoption. Want of room — as 
most of our renders no doubt know by experience — is very often, 
to a great extent, occasioned by the immoveable aeltishiieaa of one 
particular rider, who will secure ample sitting room for himself, 
regardless of the comfort of his fellow passengers. And where 
all are equally accommodating, it will be found that, while there 
is a great deal of squeezing and crowding about the shoulder 
region, the room on the aeat itself is suihcient. Our attention 
has been called to a very ingenious atrtrnvg^nxev^t, x%Qe^v^w^.^ '<c«^'^ 
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tared, and which is shown in the accompanyinjj diagram, exhibit- 
ing a plan of the seats by which the«e inconvenience are obviated. 
It will be seen at once that each person's seat is defined, with- 
out any division being used, while the passengers in sitting, as it 
were, overlap each other, thus securing -perfect freeaom and 
abundance of room to each. Our readers can try the effect of the 
improvement, by placing chairs at firat side by side, and then 
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VulU o» Sijkts or OMSUica. 
obliquely ajrainat each other. The spaces behind the seats 
are for umbrellas — ^intolerable nuisances in an omnibus in wet 
weather. The increase of size is only eight inches in the length 
of the omnibus. 



CLASSIFIED LIST OP PATENTS SEALED EN MABCH 1862. 



AmngcmnnU are in pmgrea« br which iucTBOsed fedUUe*. in counectioo vttb ihe 
uvuu^oM'ut <A this Joamal, will be afforded to luveutara (or icoui-ius ¥«lid Patelita. 

2Sli Wriglo/, F. — Annoor pUte* tor ihipi— SepMraber IT 

ISSA Fonder, J. I).— IraprorenieaU iii Are graUn of U«ain boil«n — Angurt 3T 
t&nt Riwui, J. M., Hortuo, T. &.- JmpraTemeiit in at«un boUen — September C 
2U5 AuthoDT. J.— Staatn boiliura— aeplMuber 10 
3Uj McNab, W.-JUiineMMm bolion- October 14 

SMT Crwuner, W. J.— R»ilir»y bralcoa-^rptrnober 20 

58M aiibleford. W.— Railway wheel* —September 31 

5349 Dully, J. tt,— R&Uwiy alio bdiies — Saptafflbor S3 

VH\ Holland, J. -Knilwuy aigaaia— aeptetDbUr T 

Stas Bainett, V. -Rjiilwajr aignala — Supt«inb«r 14 
tT6 Plic>^, J.— Improveiuiiata in pemascat inqr— September 13 
tTO Haghe^, C. T.— ItopraT«iiu9kt« ia p«niuMient way (a coin.)— October i 

~MM DickiasoD, J. C— Improromcnta la iteam engioet — October % 
fXn Lee. J.. Taplln, B. D.— TrnctioD Ecglne— September 17 
nSS JohDMD, J. H— Tractioo Eogine ta com)— October 31 
%H% Newtiio, \V. K.— Inipmremenla in cuodeoaert (a a<Ma.l— October 1! 
SiiiU Tirwuiu, \y. t:.— Iinprovementa in coudenaen (a oamO— October 16 
<ih%« Ncwtim, W. K.— Heatlog feed water (a eom,)— October 10 
3^93 Brouman, B. A.— Lubrication iteam cylinders (a oom.)— {toptember 76 

SS8f Werritt, T. £. — Icnprorenient in obtaining motlTe power — October 17 

M Clark, W.— Applylns «taun as a motive power (« com.)— JAnnary 10, 18W 
UBS MoigrkTe, J.— ImproTeinenta in the appficatiou of iteam power— September J£ 

* ^> —Brick auehlnet — September 6 

: ' . — FlaDiDK and thaping machiiMa— October ( 

i: : V, J,— Uorticoing mikchloe— "eptember ST 

atOi iUib«Qu, (j. :<,—AppantaB for lifting h-^nry bodlaa— September W 

•149 Chamben, K. — Cnutilng ii<acluuei -October 36 

^tatban, J.— Muwiog oiadiinea — ^^ptember IT 
)l nreen, T. — Mowing machinee— December SO 
~S30'3 ^^<<dK<*^, W. K. - Ap[4ratuA for drying grain (a eom.') Septemtier 18 
1 ' ■ , W. U.— Oratn deaniug mamneiy — !<°eptcmb r IS 

I.J C. -Oram lbr,uUiu)( iijBchinu*— Sepiember 30 
— Oriniling and lUnuiliing machine* — Soptombor 10 
VV.— Tbnublng macbiniM— September 16 
, B. A.— Weigniug maobiae* (a com. i— Sepieuber IS 
W. -Steam cultivation— September 13 
. s.— HoTie r^kea — Hepiember 37 
1 ' C. - Hone Itoei - NoTunber 8 
'id, H. —Apparataa for (taoki&g itnw— September SS 
^:i.:!j Lidvii», 0.— Bone tnoee Octobers 
£S1» Dafiee, O.-Hona aboe tulb— September IT 

aSlT Dagron, B.^ P. P.— SliinTMOow! for exhibiting pbotograpbic Tiewg, Ac. — Sept. 19 
Stdit Oookey, U., Cockcy, C. F.— Manufacmre of gaa— September 31 

VJM U&illard, N. D. P. - Manufacture of soda and nolaib — September T 

"!4l) Morria, O.- Mauiifat.-turi; uf «oap — :<eptember 7 

i'T« Kftr, L).— MauuXacturt of ixap--Ifovemberii(t 

J. A.— Remhiriagfally niattan (ona.l — Septeuber XI 
U. -bugar re&ui^ — &eptemlNirl4 

-1 1^— ^&iitiiigwlno»— »vptembc'r2d 

'ii\yi Alid, C. D — Mannfactnreof wluleiead and viuegar (eom.)— October 18 

SIM >^att, C. Bloacbiug palm oil — ept^mber 34 

298Q Johiuiao, i H. — Trcitluient of line ores imiu.i — November 20 

StOS WlUUui. W. M. - I'iitillatioii of Irituiniuous'fnbstaucM-beptember 31 
•S8tt Braffar, E.— Improved (net— »c'|iteiobcr 19 

3391 Dixon, H — Cirbooixingaawdait, &c.— SopU'inln'r Vi 

Sin Clark, W.—Manufaituro of peat (com.) - 
I S'J'.'U Kirlonaii, C. K, — rtliWag wnrage prodiu-l \ <\ 

.nil Uutweiif, 1'. A. F.— Prepsiatioa and i.ppll'.u . icpiic agcat-^cpt. 40 



StSS Hearing. U.— Mauufactm* oflocifiar matcbea—Nof ember 8T 

lOM Higgtn, T. -Manufactoro of Inclfer matohea- Deoember 10 

3800 Shepard, W. a.— Treatment of gatta percha and India mbbo^-HoTember T 
sitl OliTcr, J. — Utllitiog waste proooct ftom the manufacture of refettbto *~ 

September 30 
3111 Lnib, J. — Improvement In apparntni for brewing— September 80 

3298 Weare. T, M. R.. Monckton, K. H. C— Electric batteriee— a epteobei 14 

8WT Wild, H.-UagneUc Electric Tcl<!graph»— November S8 

31» Theller, M.— ImprovemeaM m electric t«legniph»—««eplember 88 

3310 Brouman, K. A. - Improremente in flzlng teleeraph vlna (aooai.) 6ept«mber IC 

2S03 Boovei/j.— Electro magneUc engine*— September 1( 

3$11 ColllBttwood, T. B.— Spinning Sfaehinea— October U 

8103 Opeu*Liw, J.— S pi -in in i; Ma<'hiiii»— 8eptembera6 

S391 King, J. — pint ' t.?mberl4 

SgOS Dubvin, B.— 8|i ovember 8 

8484 Tweedale, J.-- October 4 

aSSl Biowu, J. — Weaiihg 51,.. ijj:ii.t— -eptember « 

SSJ7 Aiu.iworth. W.— We.iving Machine*— September 7 

StSl Suckow, E., Kabel, E.— >iacliine« for cl e an i ng eottcn— September 19. 

SSM Cloogb, J, — loiprovemeat in propping ooUon .and other ftbtona anbetancTV— 

S47j Kuowloa, P.— Iniprureuent ia preparing oolton and otber Dbteae mDMima— 
October! ^ ^ ^ .. « 

VM MaJcolm, O.— luiprovemoiU ia preparing jete, so. «e.-8ep4embet 9 

S8T1 Plantnio, H— Cleaning wool— September lU 

3381 Fawcett, J.— Ciuauing woollen dotlia— September 94 

lass Biooioau, E. A. — Improvemeutu in u»e of coloaicd and other thread* (acomj^ 
-.pl.^niber 9 

•I ■ _ p. — Improremrnta in wm^ '■. i.ttd atnlffl— September 13 

W.— Imiirivcmunla In but — December 81 

M W. — KuiKing Machines— 

SK. l)it!)n, O.— Mjiuafaotnro of Upholatorois' truuMiiogi— fteptombcr 14 

SIttO Bright, T.— Prinimg yanu for carpet*— September 36 

laSi apcncc, W.— PiUping App»i»tna (a eoai.>— ^eptembor 8 
S82CI Paitingtoo, E.— >lauiutactareef Faper-Soptembor 18 

3108 McConncU, M.— Impiovemcnte in locfa— September 8 
3294 Ureeo, A.— Vic« buxe»— St'pttnnber 1« 
3348 O'Neill, V. B. - Screw sponuera — Septembers 
J19T Eodfem, J.— Warming Appnratni — Deceiubcr 10 
5S91 Pumell, H.— Wanning Apparatus— September 38 
33118 Bamett, F.— Improvements in lamps— September IT 
2388 Buaeell, O.— Caiup bcdnteoda— September K 
SS78 Farlar, W.— Sfiab laMeninn— Se|Aemberl8 
1133 Sorman, J.— Hanging window uMea— September 18 

133o Mincnger, T. 6.— Glazing birge foeift— September « 

SST8 Smith, H. — ImpmTemeata in couitmetlng rooti— September IS 

3T1S JntiuaoQ, J. I{.— Mannfaccure of picture fnunet la com.) - October 39 

2"J8rt Murray, T. I.. - Micale'ters > com. — September IS 

3354 Uuranud, J.— Knife handle*- September as 

WA Board, C— Veoeering pr e e o ea September SI 

3348 Hawkaworth, 8.— Floor cloth— September 19 

S740 MalilK, B. A.— Wai dean cue*— November 1 

3309 Ridma, J. K-ImproTementa in fanera' carriagee Beptwaber % 

S3T1 Dana, W.—Apparatua preveutJng^ accideota to veUolee from alfrnhtwl kana»— 

September IS 
f41T McOallum, D.— Bottle flUingmadihie— September ST 
S400 Beatley, T.— Apparatua for bcatiag egn— September S8 
S300 Honlev, 8., Jooes, R. H.,— «^haecMaalng machine — ^plember 16 
S449 Hogs, w. 1.— Firepivoilng boUding materials— Oct<^ier 1 

MS3 Condroy, L. O. A.— Wa/ihing MacUnaa-aeptember 19 
3811 Bremner, S.- Printing Machinea— Octobor 8 
3367 amiih, J.— Sewing Machlnaa— September 10 

3423 Knight, J. A.— Pumping EnginM -September tS 

3843 Wilson, J. H.— Impi-ovameut in pumps— i^ptember 19 

3344 Graham, J. — Improvement in pumps -September 19 

2841 Tongue, W. T.— Water and Bre engines— .September 19 

34SA Lnne, D.— gas and water tap* -September 38 

SSM Orearei. C— Wst«r una and servioe— September 12 

3813 KansoiiM, F. M., and Kainaome, E. L. - Filton— September 16 

Wa White, O.— FOtora la oom.. — September 18 

3383 Button. 0.— Indicator ahuwing poaition of aonken veMsla- ffeplember IS 

ttlO Clark, W. — Improvemeiits in machinery tor uunnfitcturv of flaUnc nela— Sept. 19 

3808 Stewart, W.— lifo preservsn — Mptember 18 

1288 Wbeatatone, W.— Vibrators for musical iuatrttments -September 14 

S440 Walton, F., Beard R.— Manufaotnre of varnish for fabrioa, ice— September 80 

3908 Edkina, C— Ladles' dress suspendera -Siqitember 6 

STIS Ityere K. and Myem M.— IaoXcs' dicaa suipenders— November 1 

St48 CaiTlngton, S. B.— Bat* and cap-October 13 

S868 Deeborougb, i<. —Pins for hair, dress, and J ewdloty— September 21 

•363 Tengne, W— Umbrellas and parasols— December i\ 

S4S6 Warwick, T.- rmbrullas and ParasoU— October 8 

3349 Fryor, A.— Iniproveiuent* Id propeller*— .September 9 

844S Payne, W. 11.— apporatuii for preventing tlie loss of sbtpa* mooiing* (a coa.l 

October I 
1246 Stmoos, W.— Improvements in »Uip building— "eptember 9 
S*04 Merituo, T.—Stearing apparatus— r^pteuilwr 10 
8263 Dormay, J. P.— Sailing or rowing boats— December SO 
2881 Gladatouo, O. J. — Appemtus ft»r disengaging boaU -.September 34 
3869 Wymer, F. W.— Apparstna for sounding the boldd of ships— September SO 

8880 SedlflT. A. J.— ImproveawDt la eoaatractioB of Bridge* ud VMaota— Sept. 31 
S31S Bennett, F.— Tinning laterioc of lead pipes— «!«pteuber 5 

38TT Jacob, J.— Manufacture of Iron and itMl (com.)— ffepleinber 28 
SSM Newtou, W. £. — Maoufhcture uf irvn and iteel — Feuruiwy 4, 186S 
IVS Newton, T. - Impruvpuiantii In sights for rlAist — J.inuary 1$, 1882 

34 Nug«ot, £. — Improvmneul In &r«-arui9— January S, IttOi 
3360 Thomas, W, L.— Improvement in projectiles— ^ptember 11 
3881 Davey, T.— Safety fuses -September 34 
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THE INTERNATIONAL EXHIBITION, 1862. 

BsvoBB the present number of otir Journal is io the hnada of 
muy of our readers, the Second exhibition in this country of 
th« iofdiutry asd products of all nations will have been opened. 
WriUDg, neoessarilj, a few ilaya before that event, and when 
thonaands of workmen are busily occupied in uu|>acking goods, 
io fitting-np and decorating courts and coses, and in erecting and 
oompJeting "trophies" in all parts of the building, it is inipos- 
aibla to form a correct idea of what the effect will be when they 
have finished their labours, and the packing-boxes and rubbish 
have been cleared away; and it would be in vain to attempt to 
consider, under such circamstanoes, the merits of even the most 
ttrominent objects that will form attractive features of the Exhi- 
iritioa. Of the external appearance of the structure we have 
, already expressed no favourable opinion, and since the removal 
«f the scaffolding from the interior of the domes, the multiplicity 
of ribs seen in transfiarency add to the confusion and apixnrent 
Irregularity which was previously too conspicuous in its duode- 
tisud shape. The interior contrasts strongly with that of the 
Crystal Palace of 1851. On looking along the nave, from under 
the eastern dome, the length seems so much shorter that the 
I first impression is, that tlie building must be much less, the 
[large area that it really occupies being so divided that it is only 
after traversing its various compartments that the visitor be- 
eoiues aware of its vast extent. The covered roof of the nave, 
with its gaily decorated ceiling, the gilded coluinns and gallery 
.nilings, and the painted windows at each end, present a far 
more highly-finiahed appearance than the ridged-glaas covering 
land plam colouring of the former building; but we miss the 
• aerial lightness that gave a fairy-like character to that structure. 
The injudicious manner iu which the nave is crowded with 
vhat are called " trophies" tends to make it look shorter than it 
is, and cannot fail to impair the general effect. Some of these 
lo-called trophies are far from ornamental. One of the most 
conspicuous is a large globular red danger-signal mounte<l on the 
>ftopof a red mast; and other obstructions, almost more objection- 
able, consist of glass cases piled on the top of one another, and 
filled with samples of tnanuiaetured fancy articles. These should 
not have been allowed to obstruct the view and stop the way; 
rand some of them will no doubt be cleared away before all the 
arrangements for the opening are completed. 

The following will convey an ideo how the general masses of 
the material exhibited have been arranged in the building,— 
, beginning with the Western Annexe, that runs along Prince 
. Albert' 8-road, the greater portion has been appn.>printed to 
tuachioery in motion and at rest, the work of British manufac- 
torera. Austria, Italy, Belgium, France, America (with a small 
comparative amount), Prussia, and the ZoUverein States, have 
Mch a share at the nortli end of this, France taking the extreme 
•astern side of the northei-n third, Austria a square plot abut- 
ting upon this on the southern end of the central space. Several 
foreign countries hold place together at the north end of Austria's 
I share, and fill up the central division of the foreign machinery 
(•ection towards the north. Belgium, well represented by many 
thinea worthy of an engineer's consideration, lies in a long strip 
parallel to this; the ZoUverein holding a similar strip at the 
western side of the Eastern Annexe. The Eastern Annexe has 
ID open court in its centre. On the west side of this court lies 
Chiss 9 — agricultural implements; on the west will be found 
machinery; at the north end, Class 4, animal and vegetable 
tabatBDoes; to the north of this, Classes 2 and 3, food. An 
japan ooort containing articles of Class 1, a large section de- 
I'Votsd to mining implements and products, lies on the east of 
rthis, from whence we pass under the wooden-bridge, which 
'^[ivM Moose (the only access on this side) to the Horiicultnrat 
kmetfi Garden. Class 1 reappears on the south end of this 
■ Western Annexe. 

The North-east Transept contains chiefly colonial products 

from Canada; some fine timber and wonderful grain. New 

I JBnmiwick and Prince Edward's Island come next; with New- 

tfcnndland, followed by Ceylon; going south, Malta, Ooniiuica, 

Jamaica, Trinidad. On the opposite side lie Nova Scotia, 

[ Ikamonio, South Australia, New South Wales, and Queensland. 

rOuiana and the last but one bring us upon the dome at the east 

^cod of the entire building, and fill up the whole North-eastern 

Transept. The South-east Transept, articles of Class 10, at its 

Borth-eastem angle, continued down the same side with the 

prodoctioa of the Skidmore Art Company, Messrs. liardman, 



Messrs. Hart and Son, Messrs. Naylor, Vickars & Co., as before 
referred to. The United States' department is isolated under 
the south-east tower, at the eastern end of the enormous carriage 
department. The cairiago department extends from this south- 
east or United Stated apartment, to the central tower or maiu 
south entrance to the building from the Cromwell-tvmd. On the 
western aide of the lower floor, under the picture galleries 
alloted to the foreign schools (as the carriage apartment lies 
under the Euijlish gaJleries), lieB a huge space given to France; 
and more still to the west, a larger space appropriated to the 
ZoUverein. This brings us to the west ena of the building, 
under the south-west tower. 

The Hanse Towns and ZoUverein hold the western side of the 
south-western transept. Austria mainly fills the north-western 
transept, her space beneath the dome holding some pieces of 
sculpture, and a large collection of walking-sticks and umbrellas 
from Vienna. la this locality will be found an elaborately carved 
oak pulpit from Louvain, the ancient seat of such work, and other 
ecclesiastical fuimiture. Passing under the western dome to the 
north aide of the nave, the glazed courts, roofed like those at the 
former Exhibition, are occupied by Belgium, Switzerland, Den- 
mark, Sweden, and Norway, which with Russia, Turkey, Brazil, 
and Greece, bring us to the central transept again, as it is called, 
from facing with a wider than usual opening the great southern 
entrance of the building, and that which gives access to the 
Horticultural Gardens. Here lie the Ionian Islands, with China 
and Japiin ; more tn the eastward two vast glazed courts contain 
an enormous collection of furniture, which brings us again to the 
space allotted to the British Colonies, abutting on the eastern 
dome. The south-eastern quarter of the edifice, opposite to the 
furniture bazaar, is appropriated to Class 10, ci^nl engineering i 
Class 11, military engineering; next this comes Class 12, Sheffield 
goods; furs and leather, hardware and prooetses of manufacture 
lie to the west, with pottery, precious metals, cloee upon the 
central transept; with glass and naval architecture close to military 
engineering on the other side. On the western aide of the central 
transept, south of the nnve, France claimed and received aa 
immense allotment three weeks before any other country moved 
into the building. This is to be fitted up elaborately, if not beau- 
tifully, at an enormous cost: and like the share of the nave 
given to the same country is anything but complete. Borne, Italy, 
Portugal, and Spain hold sections in this quarter. 

We have thus generally surveyed the entire arrangement of the 
structure on the ground floor bo as to give an idea of the dis- 
position of its contents. From official sources we will now 
append the following summary. Eight thousand persons 
applied for space for exhibition of industrial products, the great- 
est number in connection with iron and general hardware. Those 
in steel and cutlery were fewer. Glass and pottery very sparte, 
Agricnltural implements came forward boldly with 289 applica- 
tions, of which 1(30 only were accepted. Three hundred and 
sixty exhibitors contributed in mining and metallurgic matters. 
Five thousand five hundred exhibitors of British industrial cha- 
racter have been chosen to occupy about 386,7t)0 square feet of 
superficial space, horizontal, including passitges. Of these the 
following approximate estimates may interest our readers. In 
raw materials, mining quarrying, metallurgy and mineral pro- 
ducts, 260 exhibitors occupy 8400 square feet. Chemical 
substances, 202 exhibitors, take 5100 square feet Substauoea 
used aa food, including wines, 163 exhibitors — 4500 square feet. 
Animal and vegetable substances used in manufactures, 247 
exhibitors hold 7500 square feet. In the machinery sections, 
the exhibitors hold 113,532 square feet, which is divided between 
b'S exhibitors of railway plant, including locomotive engines sud 
carriages, 63 exhibitors. Carriages, not connected with rail or 
tram roods, 1116. Manufacturing machines and tools, 241. 
Machinery in general, 242. Agricultural and horticultural ma- 
chines and implements, 1.50 exhibitors, 33,800 feet space. Civil 
engineering, architectural an<l building contrivances, 164 exhibi- 
tors, 13,962 square feet. Military engineering, armour, accoutre- 
ments, ordnance and small arms, 130 exhibitors, and naval 
architecture, ships' tackle, ISO eihibitors, hold 12,610 feet space. 
Philosophical instruments and processes dependent on their usf» 
149 exhibitors, 7625 feet. Photography and apparatus, 165 
exhibitors, 2!)66 feet space. Horological instruments, 130 ex- 
hibitors hold 2700 feet. Musical instruments, by 91 exhibitors, 
fill 5870 feet. Surgicd instruments 134 exhibitors, 2475 feet 
space. Of section 3, Manufactures, — cotton hos 4tJ84 feet. 
Bemp and flax, 6483. Silk and velvet, 4722. Woollen and 
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worsted, 21,093. Carpets,— vertical space filled by 44 exhibitorB. 
Woven, spun, felted, aud laid products, ahown as Bpeciiuens of 

1>rinting and dyeing, .3540. Skins, feathers, and hair, 1316. 
icather, including saddleiy and harneaa, 4583. Articles of cloth- 
ing', 7402. Paper, stationery, printing, an3 book-binding, 6250, 
Educational works and appliances, 4344. Furniture and up- 
holstery, inclnding paper hangings and papier macb^ iron and 
general hardware, 25,272. Steel and cutlery, 13,316. Works in 
precious metals and their imitations, and jewellery, 7.968. Glass, 
15,580. Pottery, 6475. Manufactures not included in the above, 
S800. 

In the Western Annexe, appropriated to machinery in motion, 
it will be some time before the niachiuea can be set in action. In 
the boiler-house, which is a short distance from the baildtng, 
there are six large boilers for the supply of steam, and three 
ste^m-pipes twelve inches in diameter have been laid from one 
end to the other in trenches under the floor, with accompanying 
exhaust pipes for carrying away the waste steam. The steam will 
supply engines in various parts of the annexe; and shafts have 
been erected from which power will be taken to supply the work- 
ing machinery, of which there will be a much larger quantity 
than in 1851. The greater portion of the heavy macbiQery is 
of course of English manufacture, though there are some huge 
nuwaes contributed by foreign exhibitors, among which may 
be mentioned a puraping-engine that occupies a large 8|)ace. 
Among the conspicuous objects in this department are locomotive 
eugines of various sizes, many of which are beautifully finished, 
and exhibit the most recent iiiiprovementa as applied to milways 
of different gauges and for different countries. Mr. Raiusbottom's 
invention for watering tanks while at full speed will he shown in 
action in a model on a railway 80 feet long; aud a full-sized 
engine, with the new contrivance applied, is placed near the 
model. Marine eneines, by Maudai.iy, Penn, Teunaut, and other 
eminent makers, show the perfection to which tliat branch of 
mechanism has been brought. A trunk engine of 6(Xi-hor8e 
power is among the contributions by Mr. Penn. E.<ample3 of 
railway construction au<l ruilvvay appliances are shown in innu- 
merable quantities; and among the curiosities connected with 
this department rasiy i;>e named a railway waggon, which was 
constructed and finished in twelve hours from the raw materials 
of wood, iron, tin, leac', kc, specimens of which are placed beside it. 
Cotton machinery ia amply represented, Messrs. Piatt alone 
occupying 6000 squ.ire feet of space, with machinery illustrating 
all the processes of manufacture. Messra Harrison of Black- 
bum, aud Mr. Hodgson of Bradford, exhibit weaving machines 
for oottou and al(>ara, and several looms for silksaud lace will also 
be ID operation. Messrs. Gwyan have sent a centrilugal pump that 
is to raise a volume of water to a height of 25 feel, which will 
fidl in a cascade 10 feet wide aud iuches thick. On tiiis occa- 
sion, so far as we perceive, they will be unrivalled in their hydraulic 
display hy centrifugal action; Mr. Appold having been sivtisfied 
with the laurels lie gfiiiied in 1851. There are, however, other 
kinds of pumps that are much larger and more powerful, one of 
which is of Fi'euch construction. A quartz crushing-machine 
will be exhibited, a aht]i load of auriferous quartz having been 
sent from Australia to feed it. Specimens of Mr. Condie's 
improved steam hammer are also placed among the machinery 
in action. This department, when finished, will be far more com- 
plete than the similar one in the former Exhibition; the total 
space occupied by the machinery classes, being apwards of 110,0[>0 
•qaare feet. 

Tlie south end of the east transept is occupied by "trophies " 
of manufactures iu iron aud steel, among which, steel made by 
Mr. liessemer's process figures conspicuously. In his collection 
I here is a crank-shaft of a SO-horse engine in one piece, with pis- 
ton rods for engines of from 50 to 250 horse-power. A circular 
!<aw made from one disk of steel upwai-ds of 7 feet in diamet«r, 
and siHtcimeus of steel o]-dnauce, and of steel railway bars, con- 
tribute to the formation of the trophy illustrative of the results 
of the new process of making steel. 

Messrs. Ilardmau aud Co. occupy a court on the eastern aide 
of the building with numerous admirable examples of the eccle- 
siastical, domestic, and decorative arts, from the 12th to the 
1.3th wuturies, comprising sculpture in alabaster and stone, 
euamela, chalices, flagons, &c., iu gotd and silver, with monumen- 
tal brasses and memorial tablets. In the east transept there 
is the cast-iron rood screen for Hereford Cathedral, mauufuctured 
W the Sku)inor0 Art Company, of Coventry, from a design by 
J/j-. O. G. Scott, A tivpbjr of Medieev&l ithu and brass work, to 



'which Messrs. Hart and Sons, Messrs. Benham and Sons, and 
Messrs. Fulham and Co. contributed, ia placed iu the same por- 
tion of the building. 

Birmingham has a large and handsome court appropriated to ita 
manufactures, midway between the central avenue lud the 
eastern transept; and Shefiield has a separate court nearly ad- 
joining, for the exhibition of steel goods and cutlery of all descrip- 
tions, from steel grates and railway springs to scalping knives. 
Messrs, Naylor and Vickars of that town have a " tJ-ophy " of 
a peal of cast-steel bells, the largest of which weighs six tons. 

In the Eastern Annexe, which is devoted principally to mining 
and minerals, chemistry, articles of food, aud raw materials, 
there are placed many objects that have no dii-ect beaiiug on 
those classes, among which is a monster double crank, made at 
a single forging at the Mersey Steel works, weighing upwards of 
24 tons. In this department are placed numerous specimens of 
railway iron, one of which is 117 feet long, made without joint 
or welding, at a single rolling. Immense armour plates for uhipa, 
sheets of wronght-iron, and specimens of manufactured irou. 
showing the excellence of the quality that can now be produced 
from English iron ore, have been oontributed by the Blaenarvon 
and Butterley Companies, by Lord Dudley aud others. 

Messrs. Schneider of Ulverstone, display a very large and 
highly-finished model of their irou works, to illustrate recent im- 
improvemouts in the blast furnace; and models to exhibit the best 
methods of ventilating coal mines, aud of the most approved work- 
ing appliance.'^ iu collieries, have beek sent by the Northumberland 
and Durham Coal Trade AssocLatiou. These models are accom- 
panied by specimens of the mineral product* of each district. Many 
of tlie owners of collieries have sent specimens of coal, and some of 
the single blocks weigh aa much as three tons. Specimena of 
mineral products have been forwarded from various parts of tho 
kingKlom, from our oolouies, aud from foreign countries, which 
when arranged will form an interesting feature of the Exhibi- 
tion. Belgium has set a good example, the numerous specimens 
from that metalliferous region having been all classified according 
to their geological positions. Among the mineral products 'of 
England aud Wales are spiecimeas of "auriferous quartz" from 
Merionethshire, and of " auriferous gossan " from Devonshire. 
Western Australia sends abundance of auriferous quaitz, and of 
copier, iron, and lead ores ; aud from the Zollvereiu a trophy 
coUHiating of a block of red granite, carved aud polished, weigh- 
ing 15 tons, has been contributed. 

The class of military engineering and ordnance occupies a verjr 
prnmiuent position compared with the corresponding class in the 
Exhibition of 1H51 ; and it is a curious fact that the cuntrivauces 
for destroying life have made greater progress since that fancied 
inauguration of perjietual aud universal ])eace than auy of the arts 
for iiii proving the coudition of niaukind. SirWilliam Armstrong and 
Mr. Whitworth have made more rapid advances in the construction 
of engines of war than in the improvement of engines of any other 
kiud ; aud whilst they have succeeded iu propelling massive bolts 
of destruction to distances of four and five miltfS with compara- 
tively small charges of powder, the attention of other engineer* 
has been directed to the coustruction of armour that would 
resist the concentrated momeutum of such missiles. There ia 
accordingly au immense " trophy" repi^eseutiug the construction 
of au Armsti-ong guu, from the formation of the coils to the 
fiuiahed ordnance: a court is appropriated to the exhibition of 
wea|>ous of all kinds, iucludiug a gun that will propel a bolt of 
GOO Iba. ; and iu the front of this court there are to be placed two 
of tho large guns of the rival military engineers — Armstrougaud 
Whitworth. Specimens of the armour-plates made to withstand 
the etfects of such powerful orduaucc, and a complete model of 
the Warrior in section, are also exhibited, 

The present perfection in the mauufacture of philosophioal 
instrumeutB, aud tlie roost recent ap]ilicatious of scieuiitio prin- 
ciples, are well represented. There are electric tt'l«?graph8 of 
every form, including those that irausmit audible messa^^'^ "od 
those that trauauiit copies of the original writing. EU-ctric 
clocks, air-pumps on a large Bc.de, mictometer gauges for abot 
and shell, a self-adjusting electnc lamp, binocular micrcscopca 
of improved construction, lighthouse lenses, aud, in short, {philo- 
sophical instruments of every kind ; most of the eminent English 
makers having contributed to make the Exhibition iu their de- 
partment as complete as possible. 

Mr D. K. Clark, C.E., has bad charge of Claaaea 5, 7, 8, 10, 
which represent railway plant, locomotive engines and carriagea. 
manufacturing nutchinea aud tools, machinery in general; aiMl 
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dfH Mtgineering, architectural, and building contrivances. A 
•iiigle line of rauwaj runs from end to end on each aide of the 
ve^em annexe, where tnoat of theae articles are accoiDni(>date<t, 
u before stated. Six double-flue boilers, 30 feet long by 6i feet 
iUa(Det«r, are bailt in the north end, commanicating by a chim- 
ney 75 ffet high. The driving shaftinR, which is 2000 feet in 
ettCDt, 2i inchea in diameter, Las been raised above the floor, 
and 2000 feet of ateam-pipea sunk in a pipe culvert in the floor, 
nrndoated from 15 to 8 inches diameter^ ^P^g ^^^^ by aide with 
the nine quantity of exhaust pipe, 18 inches in diameter. Two 
tnTvlling Bteam-cranea, lifting 5 tons each, unloaded the heavy 
goods in thia department; steam-power is supplied equal to that 
pf four or five hundred horses. Here are the pumps to work the 
»«at fountains, placed in the Horticultural Gardens by the 
IVench; and a travelling crane to lift 24 tons, in two twelves. 
The French send the largest steam-engines, of 60 horse-power 
each. Pile carpet, and worsted looms, new steam-hammers, nud 
, "radial" hammer, by Messrs. Neilson, of Glasgow; and Messrs. 
[.Pean's engines (parts) for the Achilles, sister to the Warrior, 
^iritb a 17 ton crank shaft, and many traction engines for common 
1 toads, are here. The actual processes of needle-making, medal- 
IjKriking, gold chain-making, type-casting, type-printing by hand, 
Gthographic-pressing, a.pper-plate printing, a potter's wheel, 
briok and drain tile-making, and wood-carving, are to be carried 
0D before the public by illustrative process. Models of the 
r'Soyne viaduct, the Saltash viaduct, and Rennie'a docks at 
iBaltasb, are to be found in this department. Agricultural im- 
[plementa are in the Eastern Annexe, and form a collection more 
[probably than any others iUustrating the material improvement 
[•f the Empire. Near this will be seen the ati-aw thatch weaving- 
laiscbine, for working straw into a portable covering. In the 
'•ection of military engineering and manufactines will be found 
tbe Armatrong and Whitworth guns, lOO-pounders; Blakely 
fiOO-pounder, and the Mersey Steel Company's 600-pcmuder. 
||There is a trophy of great guns, made by Mr. Anderson, for the 
[Boyal Carriage Department, being a development of the Arm- 
f strong process of manufacture of great guua, with a microscopic 
lens arrrangement. 

Here is Col. S. Adair's model of London, with its projected 
lines of defence, and the model of Fort Pitt, by Col. Harness, 
rvith Capt. Ducane's details of the same. A series of models 
illoatrating the progress of naval architecture, from Henry 
the Eighth's times to the present, comes from the Admiralty, 
from the Great Harry to the Warrior, which is placed in the 
iSave, and a second model of the same. Here is also modelled 
f'tte Queen anil the Northumberland, displaying what may be 
looked for on the seas, by way of excelling the Warrior herself, a 
vork now in hand. Here are also all the improved" steering 
machines for tbe use of these vast ships; models, and one actual 
life-boat; beacons; the American system of boat-building by 
machinery, by which a boat comes out of a log of timber in a 
few hours. Models of submarine stetun vessels, gun-boats and 
floating batteries, penetrable and impenetrable. Amongst pbilo- 
liophical instruments, Mr. Casclli's {leutngraph, for transmitting 
laatographic messages; numerous and valuable electrical a]) pi ica- 
Ttioua are seen, as well as microscopes^ balances for aasayists, 
nuunificent series of photographic views of the recent solar 
edipeeaa seen in Spain; telescopes, light-hoiiso lanterns, magneto- 
metrical improvements. The photographic section is of great 
interest, amongst which will be a^lmired M. Joubcrt's process 
for burning in art-designs and other works in ceramic materials, 
or glass, by which perfect reproduction of originals may be 
' obtained on imperishable gi'ounds, or transparent glass. In some 
I Cases these are united with colour. Mr. F'ox Talbot's photogra- 
fphic engraving; Sir. H. James's photo-zincography; photo- 
I lithography, by Mr. Field; and Mr. Powne/s carbon printing, 
■which produces protographs as permanent as engravings. Full- 
length purlraits enlarged to the size of life will startle the specta- 
tortt; and Messrs. Thompeon's and Caldesi's magniticent series 
tlhun Raphael's cartoons will find admirershere. Horology is rich 
electro-magnetic clocks and mercurial time-pieces, steam 
I speed clocks, geographical clocks allowing the time for any 
I part of the world, an astronomical clock impelled by gravitation, 
requiring no oil to the escapement, magniticent watches, and 
Dew compensation balances. 

Paper manufactures of various kinds, showing immense im- 

j provemenis and novel applications, as for water pijies, &c., 

(>«ome next, with the Bank of Enghind precautions against forgery 

fif U» notes, and the Great seal of England, by Mr, Wyon. 



Printing and type founding, nature-printing, by Messrs. Bradbury 
and Evans; the new art of auto-typography, invented by Mr. 
George Wallis, by which drawings can be engraved in a few 
seconds on a metal plat«, for printing from an ordinary press. 
The Electro-Block Company's process for enlarging or reducing 
the size of drawings. Vajioaa improvemetils in chromo-litho- 
graphy, and stesm printing, and wood blocks, and wonderful 
bindings, come here. In the Music Court an historical series of 
instruments, from an oak piano of the time Charles I., a self- 
blowing harmonium worketi by clockwork, and a double biiss for 
producing, by ingenious apparatus, enharmonic scales of harmo- 
nics; an oblique piano, with a new action; metal bag-pipes 
suitable for tropical climates; a new music time-keeper, an 
omnitonic flute, adjustable to any key, and a novel machine, 
called the Orchestrion, or self-acting organ, " which fairly 
imitates the melody of a full orchesta," will be fouud in the 
centre of this department. Wo need do no more than name 
a magnificent selection of surgical instruments, or a perfect world 
of textile fabrics in silk, from pocket-handkerchiefs by Keymer of 
Dartford, to huge tapestries and carpets from Huddersfleld and 
Kidderminster. This general division only comes short in cotton 
manufactures and calico printing. The educational section 
is not so perfect ns was hoped for at starting, but still of 
the most remarkable interest. Considerations of space have 
intervened. 

The Mediaeval Court, which has been under the excellent 
hands of Messrs. Burges and Slater, shows a reredos by Mr. 
Street, executed by Mr. Earp, and a part of that for Waltham 
Abbey, with the cartoons of the rest; a cast of the sculpture of 
the Bedminater reredos; Mr. Bedfem's casts from his sculptures 
of the Ascension; the Digby mortusry chapel at Sherborne, the 
Westrnpp monument in Limerick Cathedral, and many fonts, 
particularly the Renaissance font at Witley, carved by Mr. Foi^ 
syth; a cast from Dr. Mill's monument and eflBgy at Ely, by Mr. 
G. G.Scott. Mr. Nichol aeatls an effigy under a high tomb, the 
latter to Lord Cawdor, and one of the circnlar panels, with a cut 
subject, tor the LichHeld pavement. The new stalls for Chiches> 
ter Cathedral, a rich bureau, and a decorated organ, are in wood. 
In metal is a ricii font cover. The frontal for St. Paul's, to be 
presented by tbe Ecclesiological Society, designed according to 
the Cologne method, and the new Peterborough frontal, are 
embroideries. Some beautifully designed furniture, by Messrs 
Morris, Marshall and Faulkeuer, of Red Lion-square; with 
paintings by Mr. D. Rossetti. show happy union of handicraft, 
antiquarian knowledge, and ai"t of the best kind. Tbe gnld- 
smiihs' work both here and in the nave is admirable. The 
ceramic collection is mainly supported by the works of Messr*. 
Marochetti, Foley, Durham, Marshall, and Gibson, sculptors. 
There is a superb chiua trophy in the nave, and in the proper 
court we find magnificent Delia Kobbia friezes, encaustic tiles, 
and Pidlissy ware. Tbe stained glass gallery, which is approxi- 
mated to that for the pictures, contains many very fine works of 
art, and some very bad ones, especially the transparencies op 
mere pictures on glass, which is but a misapplication of labour, 
showiug perfect ignomnce of the nature of art. Amongst the 
hardware, the Hereford screen has got placed in oousideratiou 
for display. In the nave are the (really almost perfect of their 
kind) wrought-iron park-gatea, manufactured by Messrs. Ber- 
naixl Bishop and Co., of Norwich. The Birmingham Court is 
in suf>erb strength; those of Sbeflield, Wolverhampton, and 
Hotherham are almost equally fine. 

To speak of tbe foreign division of the building is to speak of 
that which does not exist in any other state than chaos. At 
present it will be better to say nothing, than to lead our readers 
into a wildernesia of packing-cases and sea of shavings. 

From the English or eastern dome a view may be ol)tained of 
the whole length of the nave, to such an extent at least as the 
trophies will permit About this spot the great masses of Eng- 
lish work are grouped. Let us consider which are most remark* 
able in the objects before us, standing with our backs to the 
temporary orchestra, to which a day's existence only is given, 
and by Minton's beautiful majolica fountain, which stands on 
the centre of the raised platform under this dome. To the right 
and left are trophies of furniture, modem and mediaivnl, on each 
hand, behind which appears, on the right a drinking fountain, 
designed by Mr. Elarp, and very elaborately carved in the Gothjc 
cross form, enriched with coloured marble shafts, and studs of 
spar of dark lint. Opposed to this is a granite obelisk, twenty- 
five feet high, motioUVbic, oil «b \>SAb ^l ^Xvb wssaft^. '^iRi<\&.s£fs£% 
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leather trophy, a aomewhat inartistic production, BtAnd« behind 
the fountninfl, while behind the obelisk comes the Bradford 
woollen trophy, a mere show-case of bad design. Between these 
is the model of the ' Warrior,' before referred to. Behind ia the 
BirmiDgham small arms trophy, pretty enough, hut not very 
good; OQ one side thereof, the Whitworth gun, on the other the 
Armatrong guu, admirable specimens of manufacture. Nicho- 
la/s fur trophy. The Hull organ, by Messra Forster and 
Andrews, comes next, with its 46 registers, 2476 pipes, 6 compo- 
sition pedals, 6 sforzendo pedals, and one pneumatic combination 
p^dal. The pneumatic power is applied to the great and pedal 
organ, and there are four different pressures of wind. The 
bellows is blown by two of Ja3r*8 hydraulic engines, having a 
water pressure of 35 lbs to the square inch. These are suoceeded 
by a four horse-drag; Walker's organ; the beautiful Norwich 
gates, of wrought- iron; food trophies, animal and vegetable sub- 
stances of the same; philosophical instruments; Chance's first- 
clasa revolving light; dressing cases; Copeland's china trophy, 
and splendid telescope; Messrs. Kerr and Binn's china; the 
seconu granite obelislc; Cremer'a toys; Elkington'a plate; H. 
Emmanuel's plate and jewellery; ani Hunt and Roskell'a plate, 
succeed each other to fill up the English end of the nave. In 
the foreign side there is little to be seen, except a magnificent 
sheet of glass, soiue very ugly ironwork in the form of park- 
gates, and some magnificent scolptuie, particularly a Norwegian 
group, styled the Duel, represented according to the ancient 
Scandinavian custom of buckling daellista together round the 
waist, arming them with knives, and setting them naked to 
destroy each other, or one only, as happen^. On the steps 
leading up to the western dome is some fine sculpture, the work 
of Prussian artists. 

The south-eastern transept, from the dome, contains, firstly, 
the gas chandelier work of Mr. Forester, next Skidmore's corona 
for gas, the Hereford screen, by the same ; Messrs. Naylor and 
Vickar's pretty and very artistically coloured trophy of bells of 
cast steel, the London hardware trophy, Beasemer's steel, Warner's 
bells, Dent's clock, and a mass of work from Coalbrookdale, fills 
up this end of the transept, abutting on to the United States' 
allotment, which seems to contain a ^w agricultural implements 
and apple-slicers only. 

In every department it is evident that there will be a 
much more complete display of the industry and products of all 
nations, with the exception of the American States, than in the 
Exhibition of 16.51, and that no effort.H and no expense have been 
spared by the exhibitors to illustrate the improvements that have 
been made in their respective branches of industry during the 
last eleven years. 



THE AECHITECTUBAL TREATMENT OF ENGINEEE- 
ING WORKS. 

NoTHjyo more strongly marks the present age than the 
universal application of the "division of labour" to both head 
and hand work, and to this rather than to any real diversity of 
calling do we owe the subdivision of scientific building into 
two distinctly recognised professions, those of civil architecture 
and civU engineering. Without attempting too nicely to define 
the exact nature of either of these two branches of art^ we may 
take it as admitted, that buildings which are to serve as works 
of art, and in which beauty forma the prominent characteristic, 
are among the undoubted objects of architectare; while works 
which are to serve purely material ends — and can from their very 
nature afford no scope for artistic design — are equally the un- 
challenged property of the engineer. Thu.% no one would dream of 
calling the New Palace of Westminster or York Minster works of 
engineering, or of considering the Main Drainage Works, or Ply- 
mouth Breakwater, as pieces of architecture. 

Midway between most extremes lies a debatable ground, 
and between the extreme instances which we have cited a vast 
number of works might be pointed out which from their utilita- 
rian character, or their structural peculiarities, might be claimed 
as engineering works, while on the other band their capacity for 
artistic treatment gives them a claim to be considered aa among 
the legitimate objects of architecture. As a rule it may be con- 
sidered that where the objects forming this uncertain class are 
of the nature of buildings, with roofs and walls, they have with 
some exceptions remained matters which it has been CDStomary 



for an architect to superintend; while if they have been of a 
different nature, such as for instance viaducts or aqueducts, 
they have been considered as coming within the province of 
engineering. 

Now it often happens that engineering works, and especially 
bridges, retaining walla, aqueducts, and other works of masonry, 
are erected in situations where they become very prominent 
features in the aspect of great cities or of striking scenery, and 
that there is a sufficient margin of funds to allow of their receiving 
some decorative treatment, if it be thought right to add it; and it 
occasionally occurs that the success of such objects as works of art 
is of as much importance to their promoters aa their suitability to 
perform the material duty required of them; and this being so, 
it becomes very important that the engineer, when such works 
are [ilaced under bis care, should be prepared to tieat them with 
the good taste of an artist, as well as the skill of an artisan, and 
the science of a mathematician. This taste ia not so invariably 
displayed as to lead us to think that a little more constant and 
careful direction of attention to the architectural treatment of 
engineering work is entirely uncalled for. 

Architecture — as a tine art — consists mainly in such decoration 
of scientific construction aa shall at least make it satisfactory, 
and, where carried far enough, render it beautiful to the eye; by 
decoration being here meant, not merely the addition of oma* 
ments, but any treatment calculated to produce the desired efiect 
on the eye. Sometimes the simplest means will suffice to produce 
beauty, at other times the most elaborate are bi-ought into play, 
but they ought never to overstep the limit jnst assigned to them, 
that of being an amplification of good construction. 

A familiar illustration will show what is here meant, and for 
this purpose, perhaps, the case of a simple column in a portico 
will be as good aa any other. So far as carrying superposed 
weight goes, square posts of stone with an architrave over 
them, well bedded and truly set, will perform the work quite as 
well as circular columns with caps and baseE, but nothing can be 
less effective or less apparently satisfactory to the eye. To remed j 
this defect, and make the stone posts architectural objects, the 
first stef) is to add a cap and a base, which have the effect of satis- 
fying the eye, though they do not really improve the stmotural 
fitness of the post. A second and further improvement will be 
to work the stone post and the cap and base added to it into a 
circular column, and now the eye will be far more thoroughly 
satisfied than it was with the square shaft, and although some 
structural superiority exists in a circular column over a square 
om', this superiority is not at all equal in degree to the optical 
advantage gained by substitating the curved form for the 
square. 

If we go to the other extreme, and take some architectural 
feature of the moat purely ornameutal character, we find it still 
only a highly developed feature of structure. A spire, for ex- 
ample, is not a thing invente<l solely as an ornament,— it is a 
stone or a slate roof, greatly modified it ia true by being rendered 
lofty, and enriched with various subsidiary features, but still it is 
never other than a roof ; and similarly, any feature of a building, 
as long as it remains an object of arohiteoture, never can be other 
than a stractural feature, or some appropriate addition to or deve- 
lopment of one. 

Let us apply these considerations to engineering works. One 
of the peculiarities of these works is, that oi'diiiarily speaking, 
they show a great deal of their construction from their very 
nature; and a second is, that in the majority of cases the amount 
of material required to bear the various strains and weights is 
in excess uf that requisite merely to ensure equilibrium and 
stability. Works requiring large masses of material, and dis- 
pla3aug the methods in which that material is wade to do its 
work, seem to |)ossess in themselves the elements of tliat which 
is satisfactory to the eye, and conHequently to re«]uire little or no 
external aid. It is to the facta that in ordinary buildings so much 
of the construction is necessarily concealed, in order to its pro- 
tection from weather, and that the amount of material necessary 
for stability and keeping out cold and wet is so greatly in exoeas 
of that requisite merely to take the strains and loads, that the 
architect owes most of his difficulties. Where he can show struc- 
ture, and where he has really to meet a strong thrust, weight, 
or strain, he seldom does more than provide in the readiest 
and simplest way for the requirements of the case; and, after 
perhaps the addition of a few mouldings or subsidiary featorea^ 
or a little colour, he leaves the structure to tell its own tal& 
It is the necessity for creating features from the merest strao 
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Uiml hints or mdimenta, or from none at all, which alone 
cnibarnisaes him. The engineer, however, too often behaves as 
if he were unaware of his advantage, and in cases whore his best 
policy would have been to "let well alone," introduces features 
i-uid mills ornaments which anything bat improve the effect of 
his work. 

The leading principle then to be observed is, when structure 
t« shown, and when the masses, features, &c, are apparently as 
well as really sufficient for the work they appear to the eye to 
hare to perform, so to arrange all decoration as to Ml in with 
and Kive expression to the structure, and not to hide it. 

Perhaps the existing bridges across the Thames in London 
and Westminster, will give aa good a series of illustrations of 
these riewg as any set of examples we oould select. 

lu London Bridge and Waterloo Bridge, we have admirable 
examples of tiie artistic treatment of works of masonry. Very 
little has been done at L<^ndon Briilge boyoud selecting tine stone 
for the exterior, and miirkiug the joints oi the nmsoiiry, by making 
them plain riKstic work; and very little more than this has been 
aoeomplished in Waterloo Bridge, as the colnnms and the open 
balostrades there added are of the simplest possible design; and 
yet it would be hard to find anywhere two more thoroughly 
appropriate stone bridges than these. In South wark Bridge we 
have an admirable exumple (from the same engineer, Mr. Reuuie) 
of the proper treatment of a cast-iron bridge. Hero the con- 
etmction is even more frankly shown than iu the atone bridges 
above mentioned, and the requisite form having been given to 
the iron-work, and the necessary bulk to the uuusoury, both 
are left to show themselves as exactly what they are, with 
hardly a stroke upon the one, or a mouldiDg upon the other 
for effect. To these examples we may add the Hungerfot-d 
Sospeosion Bridge, of Mr. Brunei, iu which design the points 
selecteti to receive ornament, the piers, aie certainly somewhat 
decorated, bnt only appropriately and judiciously so, yet not an 
attempt has been ma<ie to interfere with, or add to, the mecha- 
oical feature-s of the chains, the roadway, or the mode of suspen- 
sion, ami the result must be admitted to be a Lippy one. 

In contrast with these, the method which it has been thought 
right to pursue with regard to the New Westminster Bridge is 
•to be regrette<l. Its very masterly oonstructiun is not left to bo 
■een by those who view it from the water or the banks, but is 
oovered by plates of open tracery, which are not very appro- 
priate in design to the material in which they are worke<I, and 
which are iu no sense decorated structure, but additions placed to 
act as screens or blinds to mask the real working parts. Other 
illustrations of this mistake might be obtained from very receat 
engineering work.s, and it is simply because this error is more 
visible in modern than in early works tltat we have thought 
right to draw attention to it 

One other point must be noted in connection with this subject. 
We have referred to mouldings aa appropriate means for giving 
expression or ornament to structural forms, and having done this, 
we must remind our engineering readers that the art of designing 
moaldiugs is one that cau only be acquired by long study, and the 
repeated application of a generally cultivated taste to the study 
of mouldings in existing works, and to the attempt to compose 
profiles suitable for vai-ious positions. Few eugiueers have given 
much attention to this study, or have much time to give to it; 
and jel it would be much better for them to acquire some 
funiliarity with the subject than to delegate the work to an 
architect, or, as is more often the case, a mere arcliitectural 
draughtsman called in for that duty solely. The engineer of a 
bridge or other structure is much more likely to feel accurately 
the value of the effect which he denires his work to convey to the 
beholder than anyone not concerned in the designing of the whole. 
If, however, assistance is called iu, the person oonsulted ought to 
be a miu) of great skill and experience. This has not lUways 
been the case, and the difference between the results of employ- 
ing a master or a tyro has more tljan once been rendered evident, 
in a manner more j>ermiiuetit than satisfactory. 

To conclude, then, we would urge solid simplicity, and a 
straightforward exhibition of structure, aa the method most con- 
aooont with good taste in the treatment of all engineering 
works; and we desire to point out the desirability of such a cul- 
tivation of taste combined with skill in all scientific buildent, 
whether they call themselves engineers or architects, as Bhall 
render each of them competent to design aad carry out every 
portioa of every structure with which his name is associated. 



THE DEPARTMENT OF BUILDING MATERIALS, 
INVENTIONS, AND PATENTS, AT THE ARCHI- 
TECTURAL EXHIBITION. 

In the preliminary remarks in our April number on the aspect 
of this year's Exhibition generally, we sUited that practical art 
13 not represented so liberally as it has hitherto been done, and 
by no means adequately to the importance or the interest (as it 
should be) of the subject From the first decision of the com- 
mittee in favour of establishing a department of this kind^ we 
hailed it as a special boon — one that had long been needed, and 
which would here find an appropriate locale, the annual changes 
necessitated by the periodical exhibitions giving opportunities for 
the rearraugmentoffluch articles of this class as are of permanent 
value in the way of display from year to year, and alao admitting 
of such extra contributions aa may be desirable occasionally to 
illustrate new iuventinus, or the improvementi that arc continu- 
ally tivking place in old ones. All the available wall-apace whicli 
the galleries can afford has been concetled to the furtherance of 
this object, and one apartment appropriated almost exclusively to 
llie fitting up of such articles as required intricate or extensive 
apparatus, and it is this kind of subject iu which the exhibition 
is most lacking. Some excellent devices for window tasteuiugs 
and shutters, also ventilation, may be taken, however, as excep- 
tiou-s to the many varieties of contrivances for domestic pnr|K)Si.'ii 
which are now, unfortunately, conspicuous by their abaeuce. If 
it be urged that this <lepartment appeal's to be deemed of secouil- 
ary importance only, it is entirely a mistaken idea. The mana- 
gers of the exhibition will, we are persuaded, give every facility, 
and with the strictest impartiality to all inteudiug exhibitors, even 
if it should involve an extension of their suite of rooms, a propo- 
sition to this effect having been broached, we believe, somo 
time since, wheu there was a prospect of a favourable treaty with 
regard to adjoining premises. 

Metal-work, as Eeretofoi'e, is well represented, though Hard- 
nmn, Skidmore. and some others of our well-known artists iu 
this m.iterial, are wanting. Messrs, Johnstou, Brothers, have as 
usual a goodly show of adniirably designetl objects (70); and 
Mesara. Peaial and Jackson, who are in full force, (iu No, 2 in 
the North Gallery) exhibit an unusual v.iriety of articles, 
decidedly far superior in point of t-istc aud finish to any we iiave 
previously seen from that establishment. We may point atten- 
tion iu particular to a beautiful collection of bell handles, and 
some otlier domestic furniture of the kind, also to a largo ga^ 
standani, in which both the skill which prompte<I the design aud 
the workimtnlike way in which it has been carried out are aliko 
deserving of mention. Besides these thei-e are speoimeus of 
grilles, hinges, crosses, finials, and brackets, which among abuu- 
dauce of other things arrest the attention. 

The specimens of Mediaaral Brass work, Sac, by Messrs. Jolin- 
ston, Brothers, are above the average, showing, as we have before 
had occasion to remark, the especial degree of emulation which 
baa been aroused among the various artists in metal work. Some 
of these brackets and font covers are particularly deserving of 
attention. Another bninch of practical art which various manu- 
facturers are now briugiog to a high degree of perfection, is the 
"tile" and "tesasrae" manufacture, of which some very choice 
specimens come under our notice hi (74); these are by Mr, W. 
Godwin, of Lugwai*diue, near Hereford. We have, on former 
occasions, expressed ourselves in terms of high commendation of 
these productions, and we need only observe here that those 
before ua appear in some respects even superior to specimens 
previously exhibited. Mr. Godwin's machinery enables him 
to produce surfaces of various degrees of finish, from the rugge<l 
and irreguhir effect of Mediceval examples, to perfectly smooth 
tiles, of an even colour, and an almost imperceptible joint, tbeae 
being often a desideratum in m«lem requirements. Adjoining 
these latter is Messrs. Maw and Co's. show of similar materiaU 
(73), which we described at length in noticing the previous ex- 
hibition. We are glad to see that Mes-nrs. Maw, iu common writh 
some other manufacturers, have wisely sought aid from archi- 
tects in the pixxluction and arraugenieut of their articles. It 
is by such means as these that artists aud mauuficturers are 
reciprocally beuetjitted, though, after all, the public at large are 
the greatest gainers. 

In the lobby t» the north gallery may be seen specimens of 
Martin's Cement, an exoellent mnterial, and one which is oapabI« 
of being successfully applied in various ways, as it will stand 
the test of time better thou most. We hare before us different 



31 



THE CIVIL ENGINEER AND 



proceasea of ita application, vis. : when the aurHBoe la to be 
papered over; ivhea in imitation of ashlar (good as ahowing ita 
imitative qualities, but oa that account it ^ea not receive our 
sanctiou); and a panel inlaid with colours 'vrhiob has been exponed 
to great heat, it ia stated, for several yeara, and it haa certainly 
stood the test well. The same firm alao show a apecimeu of 
Part'a "Improved Cement," recommended where paint or paper- 
ing is not deaired, and this, it would appear, is an eligible mode 
of using it. The bracket cast in Martin a Cement ialeaa to oar 



taste. 



Brown's Patent Cloth -padded Wood Strips, for rendering 
window sashes, casements, doors, show cases, &c., air, dust, and 
water-tight, appear likely to fultil their intention, although the 
mo<1els illustrating the method of applying them are not on a 
aufficient scale to prove this. Another system of "Waterproof 
Casements " ia exhibited in the adjoining gallery (149), and is 
by Messrs. Rattray and Tickell. These caaements, which poaaess 
the same im(>erviou8ness to water, dust, and air, are based on a sys- 
tem of over-lapping and doable rebating, which iaaaid to prove 
efficaciooii, although the casements open into the room. A work- 
ing model explains the scheme very completely. Bananme'a arti- 
ficial stone is displayed in ita various applications iu the north 
gallery (3), adjoining to which (4) is a very superior collection of 
bricks, jmntiles, and kiln-tiles, sent by Mr. E. Fisou, of Stow- 
market, Suffolk. These red and white pantiles constitute a "new 
waterproof pattern," and are warranted to stand the sharpest 
frost The white ones are serviceable where protection from heat is 
important. 

Messrs. Devaux and Co. have increased their number of speci- 
mens of z^nc-work as recently applied, under the direction 
of Mr. Edmeston, to the manufacture of stamped ornaments 
and other architectaral features. Among these the finials and 
creatingB are particularly successful; nor must the rain-water 
pipe-heads be overlooked. Mr. E. P. North, too, ahowa in (146) 
some pressed ziuc metal-work aa applied to architectural punel- 
liag and other decorative purposes. In (6) we observe a model of 
Tyler's Patent Octagon "Chimney-head for the cure of smoky 
chimneys," of which we know nothing practically; but inasmuch 
as there is scarcely a greater nuisance in a bouse than smoke, it is 
unquestionably worth a trial, for certainly in the model some of 
the usual difficulties would seem to be successfully combated. 
Wright's "Self-acting Water-closet" (7) was described at length 
by ua this year, a.«i also those by Messrs. Tylor and Son, which with 
other apparatus is shown in (B). The lavatories produced by this 
firm are of a very complete kind, and possess every improvement 
needed nnder the present system uf water-supply. In tiiese the 
"regulator valve" allows of the water being adjusted at pleasure 
by aimply turning the small tap, and the valve for the hot-water 
is of metal, of the must approved construction. (74) coutaina 
several kinds of "Pan-cloaets" aent by the makers and patentees, 
the North Devon Pottery Company, of Anuery, near Bideford. 
Like in others, the claims of simplicity and economy are put forth 
aa recommendations, but especial streas ia laid upon the receiver 
and capsizing-cup or spoon being made of vitrified stoneware, or 
glazed earthenware, so that it is not liable to corrode, aa is the 
case with metal. Meaara. Sbarpe, Brothers, and Co. are aluo can- 
didates for public patronage in a similar way,Vnd exhibit aome 
excellent s[)ecimen8 in (1.3.) 

Several cleanly -executed "Models or Patterns in Wood, Wax, 
Ac.," for the use of founders, in reproducing in iron, brasa, and 
other metal8, deserve examination iu (11.) Some of the designs 
themselves are scarcely iu keeping with the ideas of the present 
day, but there ia a beautiful yet simple pattern for a grating 
which cannot fail to be eifective. Messrs. Moore and Sons retain 
(IS) their show of "Church and Turret Clocks, and Prooaed Qlaaa 
Clock Diala" for illuminating by night, and having a solid opaque 
ap|)earance by day. 

The ahow-caaea of "Locka and Lock-furniture" by Messrs. 
Bond and Scammell (18), and of Meaara. Hobbs, Ashley, and Co. 
(19), are replete with excellent contrivances and beautiful work- 
manship. Besides the usual mortice locka, apecimena of which 
are on view sulflcieatly thin for the smallest cottage or bed-room 
d^ors, Messrs. Hobbs and Co. have perfected their machinery for 
the mauufncture of similar locks, suited for doors made on the 
contineutid plan, without the luck-vail. 

The use of coloured cement for the purpose of forming inlav 
patterns as a S|iecie8 of aurfaoe decoration, has of late come much 
into vogue, aud it poaoeasee the deeirnble requisites of simplicity, 
durability, and cheapness. One method of ita application ia 



shown by Mr. Oeorgi, and stated to be after the mfinner of the 
Italian Qraffitto work, and to be an imperiabable mode of orna- 
menting any given aurfaca by means of two different coloured 
cements, one of which serves for the ground, and the other for 
the ornament, and alike suitable for inside or outside works. 
The price would be from a shilling a foot, according to the rich- 
oeas of the design. 

(15) Again introduces us to bricks and brickwork, being aa 
assortment nf " Patent Stoue Brieks," manofactored by Bodmer, 
Brothers, of Newport, Monmouthshire. Their London office is 
at 2, Thavies-inn, Holhom. In the printed statement appended 
we find them thus described:— "These brtcka consist chiefly of 
sand and lime, iutimately mixed in certain proportiona, and anb- 
jected to great pressure in moulds. Upon being removed from 
the press, the bricks are piled in heaps in the open air, and a 
chemical process of induration almoat immediately commences on 
the surface, and gradutdly penetrates towarda the centre of the 
brick until it is ultimately converted iuto atone. Instead of 
deteriorating on exposure to the atmoaphere, the patent atone 
bricks improve, and become more durable ; nor are they affected 
by frost, however severe, after having once become indorated io a 
certain extent, a property which many clay bricks do not poasesB. 
Hydraulic bricks, most particularly adapted for pita, aewera, and 
other similar works, are made to order; but even the ordinary 
patent atone brick remains uninjured on being immersed in water. 

Mesara. G. Jacksou and Son's Carton Pierre and Papier Mach^ 
isa^in displayed (147) in various new and elegant designs, chiefly 
of Beoaisaauce character. Thus several of the specimens have 
been executed from the designs of Mr. S. Augell, architect, 
specially for euriching the beautiful hall he haa lately erected for 
the Clothworkors' Company, Mincing Lane. The moat effective 
of these is unquestionably a group of Chimerae, executed in carton 
pierre ; but we may alao note aome featoona of fruit, a capital fur 
a pilaster, and a pattern panel for a ceiling in papier mach^. 
Messrs. White and Parlby, in (152), show freab apecimena of 
relievo wail coverings aud internal decorationa in papier mach^, 
carton pierre, and composition, which well maintain their cha- 
racter for excellence of material and finish. The very perfect 
" Encaustic and Mosaic Tiles," exhibited by Mr W. England 
(ISIa), are equally meritorioua in colour and workmanahip, the 

Catterna selected for their display being of the most intricate 
ind, yet the arrangement and fitting of all the parte are com- 
pletely satisfiictory. In one of these particularly is this observ- 
able — the Mosaic, imitated from early Italian examples; while the 
"arrangements" for wall-tiling are for the moat port alao sucoeaafol. 
In the centre of the end gtdlery may be seen a large model of 
"Gurman's Patent Sash Pocket and Fittings for Weight Sashea," 
so as to admit uf the cleaning, repairing, and painting of saahes 
without endangering life. Also hid "Patent Sash Pocket and 
Fittings for Glance Sashea." These aaahea move eaaily, and 
give proper ventilation ; they have solid frames, require no 
weighta, and exact leaa labour in their manufacture, aa well aa 
leas qiaterial. Another advantage ia the readineaa with which 
they can be taken out and replaced when wanted; the prices are 
very reasonable. Wild'.s Patent "British" Ventilator is shown 
by two large models in (LW), and ia very simple in its applica- 
tion. These ventilators are fixed in the ceiling of an apartment, 
being opened and cloeed by means of a balance- weight suspended 
either from the centre or over the ceiling by a weight lodged 
against the wall, by means of a cord and pulley. Messrs. Bell- 
man and Ivey's Sctigliola appears to advantage in imitation o( 
variooa marbles (151), some of which, if we mistake not, are 
reneweii fmm lost year. 

A very large model of Sedley'a Patent Iron Bridge for crossing 
rivers and viJieys at one span, " at any height or any width up 
to 1500 feet," without the aid of intermediate piers or support of 
any kind, ia one of the most novel and attractive things in Die 
Exhibition. Without pronouncing on this occasion as to whe- 
ther or not it would be likely to fulfil ita condition.s, we give from 
the author's description an epitome of what it comprises. " This 
bridge combiuea in ita structure the uses and advantages of 
the tubular, girder, and suspension principles. The manner of 
raising and fixing the bridge in its proper poeition when com- 
pleted ia entirely new; for it matters but little whether the 
bridge to be constiiicted be 5 feet or 500 feet above the level of 
the river or valley iutended to be crossed. This description of 
bridge is available for many purposes, especially for crossing rivers 
where it is desirable to hav^B the navigation of the river open. The 
model is constructed on a scale of 1 foot to 60 feet. The bridge 
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with a mflBn width and d^pth of 4^ inches, has a apan of 17 ft. 
6 in. withoDt any intermediAte support, and repreaeuU k bridge 
of 1050 feet in length. It is coinpos«ii of deal, in no pfirt 
more than 3-16ths uf an inch thick, bnulded and glued together, 
weigbi oolj 24 lb., and baa been severely te-sted by means of 
kaavT weights, placed on it at short intervals of space, also by 
trmina of shot being drawn over it at a quick pace whiio weighted. 
Tha deflection baa not esoeded more than l-16th of an inch at 
last) wliidi ia hardly more than that caused hy the difference in 
tha CMnpentore of a wet or dry week. In building bridges on 
< fc e t principlea, iron and steel would be used in eombinatioa 
where practicable, so as to get lightness with great atreugth. 
The leading features of this inveiitiou are, simplicity of construe* 
tion in the mechanical portions, and method of elevation to the 
deared height; economy of first coat; the total absence of in- 
tartnediate piers for support, and the heavy expensee and great 
difficulties attending all subaqueous undertakings. In devising 
and constructing this bridge, Mr. Sedley has relied much on 
what haa been done previously by Messrs, Fairbfiirn, of Man- 
dMtter,and the late Mr. Bobert Stephenaon, C.E., and he believes 
that bridges built on this plan will be found thoroughly pi-ncti- 
oahiA, aoof that before many years have passe^l we shall find wide 
a tr aa m s and valleys crossed without difficulty at one span. Up 
to the present time the thieo bridges nioat remarkable for wide 
^iMia are, the Menai Bridge, aud the Bridge over the St. Law- 
ranoe, both built by Mr. R Stephenson, Ci^., and the Saltash 
Bridge, built by Mr. Brunei; in neither of which structures there 
ia any span exceeding 435 feet without intermediate piers." 

In the great gallery, one of the large recesses is occupied by 
goods exhibited oy Cox and Son, of Sontharapton-street, Strand, 
principally consisting of Church Furniture and Carved Oak- 
work, in the preparation of whkh much aid is obtained through 
ita being roughetl out by machinery. This proceaa ia now well 
known, and naa been estonsively applied. On the table in the 
Moei is an ingenious and well-executed model of "Miles's Patent 
Saahaa" (366), presenting either side of the glass to be cleaned 
IrBm the interior of the chamber; and over the door of the west 
gallery are some specimens of mural and ceiling decorations (357) 
m various styles, in which Mr. W. Homaun has employed 
"Tempera" as the medium of embellishment, the cost but little 
azeeeding that of first-class paper-hangings. This mode of deco- 
ration ia one which is capable of application in several ways, 
inaamuch aa it can be used either in places where papering would 
not BO well answer, or in combination ^^th other metho<ls of 
enrichment, thus producing variety as well as harmony of effect. 
Mr. Homann is also a contributor of nnmeroua designs for deco- 
rative purposes, which are interspertied aiuoug the more grave- 
looking architectural pictures on the walLs, and to some of 
which we called attention in oar notice of the other part of this 
exhibition. 



NEW IRON LIGHTHOUSE, AT CAPE CANAVERAL, 
FLOEIDA, US. AMERICA. 

(With Enffravingi.) 
The accompanying Plates, Nos. 9, 10, and 11, illustrate a new 
Iron Lighthouse, which it was intended by the United States 

I lighthouse Board to erect in 1861, at Cape Canaveral, Florida. 
The designs were prepared under the superintendence of Capt. 
Wm. F. Smith, Eiagiueer Secretary to the Lighthouse Boai-d, 
Washington; the drawings being made by Mr. J. K. Wbilldin, C.E. 
The structure exhibits many features of interest. It is the 
laigest iron tower on the whole coast of the United States, and 
nuy be taken as .i fair sample of the present state of lighthouse 
engineering in that country. 
The mode of lining the tower with brickwork, arranged as 
exhibited in the plates, is considered to be preferable to concen- 
Iraiiag a great weight at the base of the tower (as is not unusu- 
ally done to gain stability), aa, when the latter arrangement ia 
adopted, the straina arising from hurricanes are to a large extent 
trausiuilted through the connections; and the oscillations from 
the same source must also prove more serious. 
The following copious extract from the specification conveys a 
foil description of the details: — 
General description. — The tower has a curved outline generated 
by the revolution of a rectangular hyperbola around one of its 
aqrmtotei as on axis. The uiauieler of the akeli at the base, 



(not including the projecting flanges) is 28 feet; and at the top, 
immediately under the cornice it is 12 feet. The main part of 
the tower, exclusive of lantern, is composed of caat-iron panels 
arranged in horizouUd sections, breaking joint with those above 
and below them; there are 15 such aections, each 8 feet high, 
making 120 feet in height for the body of the tower. There are 
12 panels in each section, firmly secured together and to the 
adjoining aections by wrought-iron bolts. The ihickueas of the 
section at the base of tower is 1 ^ inch, and the thickness of each 
Buooeediug section decreases as it approaches the top ; that under 
the lantern being i of an Inch thick. 

Brick lining of tower. — The lower flange of each section projects 
inward sufliciently far to sustain part of the brick wall which 
lines the interior of the iron tower. The whole wall being thus 
subdivided in sinjilar sections to the iron work, the contraction 
and expansion of the two materials (iron aud brick) from changes 
of the temperature, become inappreciable for each section of 8 
feet. 

Keeper's dwelling. — The first fonr lower sections of the tower are 
intended to be used as the keeper's dwelling ; and the stairway 
tlirougb these is enclosed with a boiler-plate cylinder, ft. diaro. 
The stairways beyond section Fig. 6, Piute 10, are open, and 
eacii fligiit is formed of cast-iron steps, which are strung on a 
wrought-iron shaft which passes through their hubs from floor to 
floor. Immediately under the watch-room deck the steps ara 
again enclosed, and a plate-iron door is provided to prevent 
draught reaching the lantern. The general elevation and vertical 
section of tower ia shown on Plate 9, Figs. 1 and 2, aud various 
details on Plates 10 and 11. 

Shell qf tower. — The panels forming the shell of tower to be of 
cast-iron, made in dry sand. The iron used must be rcmelted 
iron of the best American brands, aud of such a mixture as shall 
insure the greatest strength and toughness. The weight necessary 
to tear asunder one square inch must not be less than 20,000 
pounds. 

Joints to be planed. — The top, bottom, and side flanges of the 
panels forming suriacea of contact, must be planed. The only 
exception being the lower flange of section Fig. 3, Plate 10, which 
rests on the maaonry. For the purpose of ventilating the space 
between the shell of tower and the brickwork, there must be 
drilled through the top and bottom flanges forming each joint 
between the sections, 1£ holes, equally distributed, and one inch 
diameter. The p.aiiels and sections to be firmly secured together 
by wrought-iron bolts. The holes in the flanges must be reamed, 
aud the uolts turned to neatly fit thera. 

Bolte/or connecting the eectioju of tower. — Each of the panels for 
all the sections wUI have six bolts for each top flange, six for 
each bi>ttora flange, and five for each side flange. 

Foundation bolls, — The foundation bolts to be of wrought-iron. 
They will be firmly bedded in the masonry, and will pass through 
and be secured to the outer lower flange of section Fig. 3. There 
must be attached to the lower part of two foundation holts, oppo- 
site each other, copper roils 1" diameter, to pass through the 
masonry horizontally, and penetrate moist ground at about 20 
feet from the centre of bolt, and descend vertically 8 feet. Pr(>- 
jectioDs for the window-frames, with their cable-muuldings on the 
outside, must be formed on panels ; aud in sections Figs. 4, 5, and 
6, openinp must be made for the smoke-pipe. 

Plate ironjioorg. — ^The floors of the interior of tower must be 
of boiler plate ^ of an inch thick, sustained by rolled iron girders 
and T iron. 

Rolled Girders. — The G, 9, and 12 inch rolled girders, with 
their chairs, sockets, &c., are to be similar to those made by the 
" Pbcenix Iron Company," Philadelphia, Pa. The 6" girders for 
floors in sections Figs 3, 4, and 6 of tower radiate from the plate 
iron cylinder, to which they are secured by means of cast-iron 
sockets and wrought-iron bolts, with hexagonal heada and nnta. 
The outer ends rest on the lower panel flanges. 

Floors in sectiont Figs. 4, 5, a — The floors must be secured to 
each 6" girder with two seta of wrought-iron connections. The 
T iron for stiffening the under side of floors in sections Figs 4, 6, 
and 6 t<> be 34" X3" X ^", and to be secured by rivets with counter- 
sunk heads, not exceeding 4 inches apart from centre lo centre. 
The floors are supporteti mainly by rolled iron girders, whoee 
ends are secured to the lower flanges of the panels. The under 
sides of the floor are further supported by T iron, extending from 
said girders to the brick work. Aa all the floors must be flash 
on their upper sides, the rivets for connecting the T iron to 
the floors niuat have ounutentrnk heads; and they must be 
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plAoed not exceeding 4" apart from centre to centre. The 
tr»p doora of boiler plate, J" thick, must be furuiahed with 
strong wronght-iron hinges, and handles for opeaing them. 
Each one mnat have two pieces of angle iron, 2" X 2" X i", 
secured to the under side by rivets, i" Jiara., not exceeding 4" 
apart. The fi-amea for the doors where not formed of the girders 
or 4" T iron, must be of angle iron 3" X 3" X §*, 6ec\ired by rivets 
not exceeding 3" apart from centre to centre. 

Diameter of floors. — The outlines of all the plate iron floors are 
circular, and are all to be built in the brick work a few inches. 
Their extreme diameters are as follows: 

For the floor of section Fig, 4 23' 6" 

Do. do. do. Fig. 5 21' 10" 

Do. do. do. Fig. 6 20' 2" 

Do. do. do. Fig. 7 ...11' 3* 

Chairg/or beam*. — The chairs for the ends of the fl-inch and 
12-iuch rolled beams to be of cast-iron. Wroxight-iron bolte^ 1" 
diameter, and pmvided with suitable nuts and washers, mivst be 
famished to secure the beams to the chairs, and the chairs to the 
flanges of the panels of tower. The sockets at the middle of the 
D-inch and 12-iuch beams, and at the watch-room floor, must bo 
of cast-iron, neatly fitted and secured to the benms. They must 
be bored to lit the ends of the wrought-iron shaft which posses 
through the open stairway ; and their sarfaces of contact with 
the steps of tlie open stairway must be faced. Around each 
opening in the floors, for the stairway, angle iron 3" X3'' Xf", 
must be neatly fitted and secured. 

Railings around openingg in floftrs. — Wroiight-iron railings, seen 
in the vertical section, Plate 9, surround these openings; the 
standards of which, at their lower ends, secure the floor-plates 
and angle iron together. 

Cylinder around lower ttairway. — A plate-iron cylinder sur- 
rounds the stairway iu the lower part of the tower. Fig. 2. The 
exterior diameter of which, exclusive of battens, is to be 6 feet. 
The plating and battens to be ^-inch in thickness, secured by 
nveta §" diameter, not exceeding 3" apart from centre to centre, 
and driven hot. Where the steps would come in contact with the 
rivet-heads, the rivets must be driven with countersunk heads. 
The cylinder roust be secured to the cast-iron base-plate by a 
single row of rivets, of the same diameter and the same distance 
apart as above. Each door-frame in the cylinder must be formed 
of 3 strips of Iwir-irou IJ" square, secured with rivets not over 4" 
apart Kccesses for the (gun-metal, 3" X 3") hinges of doors 
must be cut in the frames, and the hinges secured to them by 
tcun-metal screws. The top of cylinder must fit up closely to the 
door, and the plating cut to suit the T iron and beams on the 
under side of the floor. That part of the floor which has in it 
the opening for the stairs, must be secured to the cylinder with 
.ingle-iron 3" X 3" X H". A piece of the same sized angle-iron, 
.and two feet in length, must be rivetted to the cylinder on each 
. jside, immediately under the rolled girders. 

Bme-plate of cylinder. — The base-plat« of cylinder must be of 

»t-iron. The rebate on the periphery, for the attachment of 
the cylinder, must be turned; and the upper part of the centre 
hub, on which the steps rest, must be faced. 

Stepg inside of cylinder. — The steps for the enclosed stairway 
to he of cast-iron. The upper and under surfaces of the hubs 
must be accurately faced. The outer end of each step to be 

E laced jL of a circle in advance of the one beneath it; and must 
e secured to the cylinder with 2 wrought-iron bolts ^'' diameter, 
tl»e heads and nuta to be hexagonal, and tool-finished. 

Landing-plates in cylinder. — The cast-iron lauding-piates to be 
faced on the npper and lower surfaces. The periphery of each 
plate must be secured to the cylinder with 4 bolts like those for 
the slepe. A casting must be inserted in the top step of the 
enclosed stairway. The upper part of which casting will 
pt^netrate the socket which is between the rolled girders. 

Step.<i of open stairway. — The steps of the open stairway to be 
of cast-iron. The position only of these steps is shown iu 
Fig. 1, as they are the same throughout. The hubs must be 
made so as to allow a rolled iron aiiaft, 3 inches in diameter, 
to pass through them. For each flight of Htep.s there must 
be a space of half an inch between the upper end of the 
wrought-iron shaft and the under side of the division piece in 
the socket. And the total height of the steps in each flight 
must be aboat ^g" less than the clear space between the sockets. 
Each step is matle in three parts; the tread must be secured to 
the riser with 3 wrought-iron bolts, with couiitersunk heads. 
The upper and lower surfaces of main hubs, and the sockets 



through which the railing-standards pass, must be Ehced. The 
lower part of each standard passes through two steps, thereby 
securing the parts together, and determining the position of one 
step relative to the other. 

Tread of ttep, — ^The tread of each step, thus determined, is 
nearly one-twentieth of a circle. The sum of treads for each 
flight of 20 steps, measured on a circle drawn with a radius of 
2' lH", lacks about i\" of being a complete circle. 

Stairway railing. — The part of each railing standard above 
the steps must be smooth-forged; below that point it must be 
tool-finished. The rail must be made of 1" round iron, and 
scarfed at intervals of five steps. Each standard must be riveted 
to the rail at the upper part. 

Stepe at the head of main stairway. — Nine steps, similar to 
thoso for the enclosed stairway, will terminate the main stair- 
way immediately under the watch room. They must be enclosed 
with, and be secured to, plate iron, one-eighth of an inch in 
thickness. 

Door under watch-room. — A door of plate iron I" thick, stifl"- 
ened with bar iron 1^" X i" on the inside, must be attached to 
the plating with strong wrought-iron hinges, and furnished with 
suitable fixtures for opening and closing. Ilebates, not less thaa 
\ inch wide, must be formed around the top and aides of door 
with bar iron 2^" X I". The plating must be secured to the 
floor of the watch-room by angle iron 3" X 3' X |", and to the 
steps by bolts g" diameter, as for the otlier enclosed stairway. In 
order further to exclude any draught from the lantern, there must 
bo fitted to each of these steps a sheet iron riser ■^' thick, 
secured with wrought-iion screws J" diameter, and not over 4" 
apart. The railing of the main stairway terminates at, and must 
bo secured to, the frame of door. 

atairways in toatch-room and lantern. — The stringers of the 
lantern aud watch-room stairways are to be of wrought-iron 
secured at both ends to the floors and galleries with wrought- 
iron bollA I* diameter. Those bolts at the upper ends to have 
countersunk heads. The br.icketa which form the rise of the 
steps to be cast-iron, each one secured to the stringer by two §" 
bolts with countersunk heads. All the brackets must be iu con- 
tact — the joints to be neatly fitted. The treads of the steps to 
be of casUiron; each one must be secured, at each end, to the 
flange of the bracket with wrought-iron bolts f diameter. The 
railings for the.se stairways, and around the openings in the 
watch-rooro and lantern floors, to be of wrought-irou. The rail 
to be of one inch rotfbd-iron; the standards for all the stepe> 
and for the lantern deck, to be ^" diameter at the lower part; 
and standards at the watch-room floor to be 1^" diameter at the 
lower part. 

Lantern deck. — The lantern deck to be of cast-iron, made in 
dry sand. It wiU be made in four parts, one of which is to con- 
tain the opening for stairway. The joints must be planed, and 
well fitted. The segments must be secured together with 1|" 
"ream" bolts of wrought iron. The nuts, heads, aud washers to be 
for 1^" bolts. The circular seat in the centre of the deck, for the 
lens pedestal, must be faced. The periphery of the deck must 
be secured to the flanges of the |>auela with wrought-iron bolts 
J" diameter. 

References to Plates 9, 10, and 11. 

(Similar lettem tliroughout refer to the same parts.) 

Plate 9, Fig. 1, in a general elevation, aiiil Fig. 2 a vertical aection, 

shnwing the interior conntniction. (The stairway being the same 

throughout, parts of it only are Bhown). 
Plates 10 and 11 dhow sectious at various parts of the tower, taken on 

the lines indicated fay the letters on Fig. 1, and other details. 
Fig. 3 ia a section at A B, which »howB the internal arrangement at base 

(if tower, a, a, ra, ia the brickwork ; 6, itpace for fuel ; c, c, cellarage ; 

d, d, d, watcr-tonkn. 
Fig. 4 shows a section on the line C, D ; e, is the kitchen ; /, /, b«d- 

momx ; g, the central ntairway ; h, the landing-place ; i, trap dtxtr ; 

i-, smoke-pipe. 
Fig. 5, section at E, F ; /, /, S-inch rolled beams or girdon; m, T irona 

for fttiffeiiiug under-side vif floorx; and n living room. 
Fig. '3, gection at G, H ; o, passage ; p, />, closetB. 
Fig. 7, section at I, J ; q, q, watch-room ; r, stairs to Liutem. 
Fig. 8, section at £L, L, stairs ; f. gallery round Unteni ; t, shaft support* 

ing lantern. 
FigH. 9, 10, 11, and 12, details of tie- rods about the axis of Untem; 

t', V, rods ; u, irrought-iron rim ; w, brass staples screwed down on rim 

which receive the arms, j-, x, x, of circulai" rim. / 

(To bt concluded in our vtxt.) 
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LECTUBES ON ARCHITECTURE AT THE ROYAL 

ACADEMY* 

Bj Stdnbt Smirkk, RA. 

Lectuhk HL 

!■ my Uiit lecture I touched upon a few of the more iuterest- 
jng objects OD the thelves of the Briliah Museum that have 
apecial reference to architecture. The aubject La well-nigh inter- 
minable; for I doubt whether any library in the world equals 
that in the British Museum, either in eitent or value; aud I 
purpose on a future occasion to pursue tlie subject, and continue, 
la a cursory way, to direct your attention to such other works as 
•sem to tne best calculated to impart instruction or to excite in- 
terest in the minda of those engaged in the pursuit of arclii- 
tectural knowledge. But I will this evening call your attention 
to another library, which may be in some seuae regarded as a 
poblic library, but which is very different, no doubt both in re- 
spect to extent and y&lne, from that bo which I have already 
adverted. 1 refer to the library which forms an important part 
of the Soane Museum. Being a library formed by an architect, 
aod bequeathed by him in trust for the express use of architects, 
it seems to have special claims un my attention here; and those 
claims are enhanced by the long connexion that existed between 
this Academy and Sir John Soane. 

It is by no means my intention or desire to constitute mvself 
the apologist or the critic of that in some respects remarkable 
man. With his personal peculiarities, with bis temper and dis- 
position, with his foibles and eccentricities, we have nothing 
whatever to do here. Let those who have no defects of tetuper 
or of character throw the tirst stone. I certainly will not 
venture to do so. 

As an architect he was, undoubtedly, in some respects re- 
ouurkable. He sought for novelty and originality in whatever he 
did; sad not onfrequently he succeeded in attaining the object 
of biia search. He was very deficient in greatness of style, delight- 
ing rather in small concetti and whimsical contrivances to pro- 
duce effect Though he can hardly be said to posseas ^nius in 
the higher sense of that word, he had much ingenuity. He 
moreover had some aspirations after the attractive but hazardous 
quality of the picturesque in archttectuie. 

If I had declined, on the present occasion, to be the censor of 
his personal peculiarities; so I would equally refrain from invea- 
Ugating his motives, which may or may not have influenced him 
to devote bis museum and library to its present semi-public pur- 
pOM. Let us take the fact as wo find it, aud admit at once that 
the bequest was a liberal contribution towards the education of 
kis professional posterity. It pleased Sir John to apply for and 
obtain the sanction of Parliament for the formation of a trust, 
imposing on the trustees certain very clearly defined duties; 
which duties the trustees, by accepting their office, become 
moRilly and legally bound truly and faithiully to perform, — at all 
events until the same authority that imposed them shall have 
thoaght 5t to modify or annul them. 

I have ventured to say thus much publicly to you, because the 
tntatees have not unfrequently been made the subject of con- 
siderable misrepresentation. Sir John evidently desired to limit 
the examination of his collection to those only who studied archi- 
tectore, either as professors or amateurs; certainly not intending 
to throw it open to indiscriminate view. That such was his in- 
tention is conclusively shown by the particular conditions which 
be eo carefully imp<»ed; and a trustee, like an executor, can by 
no means depart from, or even vary, a single condition laid down 
by the testator, without incurring the very serious charge of 
neglecting or exceeding the powers of his trust. 

The museum, properly so called, will not engage our attention 
this evening. Those who have made themselves acq (Tainted with 
its contents know that they are of a very misoellaneoua character, 
comprising some objects of great value and interest^ and some of 
a most trivial and insignificant nature. 

It is to the library only that I am now about to advert, 
avoiding as far as may be possible such objects as exclusively 
concern the mere antiquary, inasmuch as the time at onr disposal 
is very limited; and as the special purpose of these lectures is by 
the very constitution of the Academy confinetl to such objects as 
are calculated to further the professional eJucatiou of the 
students. This same consideration excludes aa also from advert- 
bg here to the rich stores of mechanical knowledge which are to 
be found on the shelves of this library. 

* Caalioucd (TOa page 114. 




That Sir John was perfectly aware of the high importance to 
every architect of a thoroughly practical knowledge of building is 
Baffioiently apparent from uie contents of his library, and was re- 

J)eatedly dwelt on by him in the lectures which he delivered 
rora this place. But it is to his books on architecture aa a fine 
art that I am bound here to confine my attention, and it is cer- 
tainly to the works of this character that the library owes i(« 
chief attraction, and from tbeni it derives it« chief value. It 
comprises ncirly every architectural publication of value that 
appeared during his own professional career, down to the perioil 
of his death in 1837, as well as a large store of books of early 
date. 

Among the earliest in the catalogua you will find Alberti's 
' Libri decem de re Edificiitoria.* Of this well known book 
there are here six editions, but among those I do not find the 
original and earliest Latin edition of 1512. A folio edition, in 
Italian and English, appears to be that which its owner read with 
greatest ease, as it contains many marginal notes by him, and 
other evidences of his having carefully read it 

On a former occasion I have from this place expressed my 
admiration of Alberti's works at Rimini and elsewhere. His 
church of San Francesco is in the best style of the early Renais- 
sance, before it had degenerated into the commonplace manner of 
the following century. It is worthy of note, that Vasari touches 
but slightly and with some apparent indifference upon the work, 
although he must have been especially familiar with it, seeing that 
Vasari dwelt some time in Rimini. In truth, Vasari, excellent 
though he may be as a biographer, bad aaan artist butlitle genius; 
and he was unable to appreciate the somewhat dr\', antiquated 
manner of Alberti. Thjit artist not only possessed undoubted 
talent as a practical architect, but remarkable merit also a« a 
writer. His book is fall of valuable remarks, and attests at once 
his good sens© and his erudition. What is also specially worthy 
of our observation is that he appears in an eminent degree to 
have united a minute and accurate technical knowledge with a 
fine aesthetic feeling. The distinction which he draws between 
beauty and ornament is, I tnink, most juat and true. '' Beauty," 
he says, " is something lovely which is proper and innate, and 
diffused over the whole body; whilst ornament is something 
superadded, or adventitious rather than innate." 

Alberti, and I might say Alberti's school, — the school of the 
early Renaissance, — well understood the distinction between 
beauty and ornament. The vulgar of all ages, countries, and 
ranks, are apt to think thatornameut means beauty; and that iu 
order to be beautiful we must needs be lavish in ornamentation. 
This great error lea<la directly to that excess which degrades art, 
whether it be architecture or her sister arts. It was excess 
which marked the decadence of Roman and of Mediteval art; and 
it was the disfigurement of excess which stained the purity of tlie 
early Renaissance. 

I speak, as it is fitting and becoming that I should speak, with 
great reserve, and in the most general terms, when touching on 
the state of our art in the present day: but I think I am only 
fulfilling a plain duty in denouncing the tendency to a mere- 
tricious use of ornament, which may perhaps be discerned amidst 
the conflict and rivalry of prevailing tastes. 

No doubt, iu this country, the greatest diversity of feeling 
exists in m.itter8 of art. So impatient of all restraint is our coun- 
tryman, that there is no privilege that he more freely exercises 
than that of ditfering from his neighbour in opinion; — aud ia 
taste, especially, we all proverbially and most widely differ. 

Some will teach us that ornament alone ia architecture, and 
that a building without ornament is but handicraft work, neces- 
sarily devoid of art, and beneath an artist's attention ; whilst 
others will look with equal contempt upon all mere oroament 
as a frivolous aud puerile inutility, altogether unworthy of any 
serious regard. I believe tlmt iu this case, as in most others, 
each of these extreme opinions is equally remote from the truth. 
At all events, I am confident that, however we may be led away by 
our imitative habits into occasional extravaganoea and unseemly 
excesses, the natural bent of the English mind is towards mode- 
ration in the use of ornament 

Flagrantly as we may sometimes err, and wild as may be 
the caprices we sometimes indulge in; still, in the main, the 
tendency of public taste is of a plain, grave, and practical cha- 
racter; and I am greatly mistaken if, when we regard — either oa 
this side of the Atlantic or the other— the overloaded piles of en- 
richment which constitute the pretentious fa^atles occasionally 
presented to us for our admiration, by far the majority of us Call 
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into th« unimpasaioned and calculating iuquirj of " euibono?'' 
Not only does this excess ofleud, as it appears to me, the natu- 
rally simple taste of tbLa country, but it is plainly at variance with 
the lessons daily taught us by our English climate. Moistnesa 
is the normal condition of our air, and clouds are the normal 
clothing of our sky. For at least two-thirds of the year our 
buildings are constantly liable to be drenched in i-ain, whilst for 
the remaining third they are subjected to the still severer trials 
of frost. And thus, in thi^ matter, the dictates of common sense 
are in perfect harmony with the suggestions of our natural taste. 

I perceive that the short and piointed sentence which 1 have 
quoted from AllDerti has led me into a somewliat verbose diver- 
sion. In this i-espect I am failing to protit by the example of my 
author, whose style of writing is as free from verbiage and pro- 
lixity as hia style of architecture is exempt from frivolous and 
intrusive ornament. 

The next book which oomea to hand is of a very different cha- 
racter. Indeed, one is sometimes almost led to feel suprise how 
books so widely asunder in their character and quality can sub- 
mit to the close and constant juxta-position that they are sub- 
jected to on our bookshelves. The book, I say, which I now 
take up is that of Dietterlin's ' Arcliitectura do Constitutione, 
Symmetric ac Proportioue quinque Columuarum,' published at 
Nuremburg, in 1598. It bears sjtd testimony to the rapid de- 
terioration of art, aud to a sjjecial pruueneas to a corrupt excess 
among our Germau neighbours. 

la the extmv&gaut aud grotesque scrolls and onrtouches which 

Abound in this volume, we see at once from whence were derived 

_ je strange ornaments of our Elizabethan and Jacobite styles; 

'although those styles, as displayed in our owu country, might 

lay claim to the character of simplicity and sobriety by the side 

of these wild enormities of Dietterliu. 

In a former lecture I expressed my belief that much of the 
degradation of architecture in the seventeenth century might be 
due to the practice at that perioil of the same individual pursuing 
all the three sister arts. Whilst any remnant of the purity of 

iriy art and of the good sense of the early artists survived, this 
ombined cultivation of the fine arts was not attended by any evil 
consequences. On the contrary, the arts lent to each other 
that mytual aid from which they derived mutual advantage; but 
it was when the torch of genius had died out, and our art tell into 
decay, that the dangers consequent on this union began to 
develop themselves. When men ceased to tmderstand the true 
scope of each art, and to recognise their respective limits, they 
lost the power of deaiguing well in any art. The sculptor and 
the architect became merged in one artist, who was fain to build 
up his clouds and to construct celestial glories as if he was erec- 
ting a stone wall, whilst, on the other hand, he designed buildings 
wanting many of the essential attributes of real architecture, — 
buildings, indeed, that could only be made to stand by dint of 
ties and other hidden mechanical contrivances. The physical 
impossibility of executing in solid materials the architectural va- 
garies of Diettcrlin, as exhibited in the designs before us, is 
sufficient evidence of his unfitness to design architecture. He 
seems to have been utterly regardless of the great fact that archi- 
tecture is a constructive art, subject to static and dynamic laws. 
Far ditferent was it in the good times of the previous century. 
I believe we may defy the most scrupulous critic to point out in 
any one picture of PUffaelle'!*, of Oiuiio lioninno's, or of Michael 
Angelo'a, a single buildingorfragmentof architecture which might 
not with perfect facility be executed, lino for line, in stone or 
timber. 

I touch with great reserve on the confines of my neighbours, 
and should regard it as presumptuous on my part to i^ect the 
critic in the sister arts; but atili I would venture to urge on the 
students of the painting school, that, iu the architecture which 
they may deem it proper to introduce in their pictures, they should 
never be unmindful of the practicability of the structures they 
represent. It appeara to me that it is just as incumbent on the 
painter or sculptor to give to his building a suitable and suffi- 
cient base, as it is to place his figures properly and naturally 
oa their feet: the error of representing an impossible structure is, 
in its degree, just as great as that of representing a man in an 
impossible attitude. 

I must, however, at once revert to the Soane Museum. 
I find on the shelves a volume of drawings, chiefly execute<i 
on vellum, described in it« manuscript title as " Disegni di 
Architettura del Anno 1400." It is a curious volume, the his- 
tory of which I know nothing, although of its authenticity, for 



various reasons there can be, I think, no reasonable doubt. The 
execution of the drawings is very indifferent, and, there is little 
attempt at correct delineation; and yet there is not wanting 
freedom and a certain amount of manual and almost artistic dex- 
terity. The volume seems to do for the fifteenth century what 
Willans de Honicourt's book of drawings, recently submitted 
to the Institute of British Architects, does for the thirteenth 
century. 

There are between sixty and seventy drawings, but none bMf 
any titles, and they are probably original studies or exercises in 
architectural and ornamental design. A very little correction and 
modification would make some of these designs elegant compo- 
sitions. I have upon a former occasion observed upon the 
absence of the regolar orders of architecture in the early worlu , 
of the Renaissance. This volume remarkably corroborates mv 
statement. There is not, I believe, a single instance in the booK 
of a dominant order determining the proportions of a building. 
Columns there are in abundance, and of a great variety of whim- 
sical forms; bnt in all cases, I believe, each tier of columns and 
arches represents a separate floor. A constant use of arches and 
niches; a prevailing habit of panelling and enriching the panels 
with arabesques, as on the sides of square columns and 
pilasters: ancl a habit of covering all vacant spaces with square 
and circular panels and medallions, filled in either with slabs of 
coloured marble, or with foliage generally in somewhat flat re- 
lief; — these appear to be the prevailing distinctions of the quarto- 
cento style, which stands out with very marked difference firom 
the style immediately preceding and succeeding it. 

Another ho^jk which I must not pass by is a fine copy of the 
earliest edition, " Philiberte de I'Ormds Architecture, bearing 
date 1567. Under the auspices of Catherine di Medicis, he may 
be regarded as the introducer of the Renaissance into Noi-them 
Europe. She came of a race eminently distinguished in the his- 
tory of art ; and the author in his dedication eulogistically refers 
to her as delighting in architecture, and as sketching with her 
own hand the noble palaces which she caused to be erected. 

It is curious to find at this early period the author groaning 
over the degeneracy of his profession, and complaining how few 
true architects there then were. Some self-styled architects were, 
he says, but mere " master masons ;" whilst others were but 
geometricians, or men addicted to the literature, but neglecting 
the practice, of their profession. His imaginary portraiture of 
the beau-ideal of an architect savours of the quaint, allegorical 
taste of hia time. 

He would represent an architect, he says (and there is an illtis- 
trative diagram of such a man), with three eyes ; — one, for the 
observation of divine things and the works of God ; the second, 
for the careful observation of things present and around him ; 
and the third, for looking into the future, foreseeing, and so pro- 
viding against, coming evils. He should also have four ears, 
indicating that it more behoves him to listen than to speak. Foar 
bands should be given to him, that he might be the better able to 
do all that is required and expected that he should do ; whilst his 
feet are to be winged, pointing out that he must be of quick 
intelligence' and rapid in action. There are many other things 
worthy of observation in this curious volume, but I must hasten 
on to others. 

I find a volume of original drawings by Carlo Fontana, formerly 
in the library of Paine, nn eminent architect of the last century. 
It represents the state at that period of the Coliseum at Itome, 
and Fontana's supposed restoration of it, with his suggestion, 
certainly not a happy one, for the erection of a church witnin the 
area of the amphitheatre, to be dedicated to the Christian 
martyrs who suffered there. I need scarcely say that this mono- 
gram on the Coliseum is greatly inferior to that unpublished 
work on the same subject existing in the British Museum, to 
which I directed your attention Last week. These drawings of 
the seventeenth century, by Fontana, are very neatlv and ably 
executed, quite free from the dry, hard manner prevalent among 
architects at a later d.ate. The lines are iu brown, and the 
shadows delicately indicated vrith a cool, neutral wash, probably 
Indian ink, or some colour equivalent to it. This mode of execu- 
tion was retained throughout the last century, for T find here a 
large folio volume, containing original drawings by Wren and 
others of his time, which are all similarly treated. Some also in 
the volume attributed to Inigo Jones are so executed. 

The use of a brown outline with cool shadows was, I believe, 
pretty general among English as well as foreign artists, up to 
quite recent times; aud it is perhaps doubtful whether the 
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Bvodem matwiitutlon of brown sepia shadows, with Indian ink 
tootlinei, cau he regarded in any respect as an improvement. 

Among the treajsures which Sir John considered to be worthy 
of a piaoe in the strong room of his museum, I find a Roman 
tnioBal of the early part of the sixteenth century, illustrated with 
miniatares of the gi'eateat delicacy by Lucas von Leyden and his 
tdiolATs. It is worthy of remark that all the architecture and 
omamenlation with which these miniatures are elaborately en- 
riched are throughout very distinctly Gothic in style; late, it is 
tme, but without any admixture of Classic taste; and yet this 
artist died in 1533, and was therefore contemporary with 
Baflkelle and Ginlio Bomano. The co-existence nf two schools 
•0 remote in character and spirit, yet geographically so near, as 
Flanders and Italy, shows how little social intercnurso could 
have exlBted in Europe at that period. Whilst admitting his 
merit* and superiority to others of his school, Lucas von Leyden 
IB deeeribed by Fuseli as " ignorant of light and shade in 
inaaMs;" and his forms are condemned as " lank, meagre, and 
ignoble;" and yet this artist was studying and painting within 
what IS now a day or two's journey from the easels of Leonardo 
da Ytnci, Michael Angelo, and Kaffaelle, 

There are, I irust, few here present who are not aware of the 
beantifiil work preserved in this same strong closet, known as 
the ' Commentaries on St Paul's Groapel,' by Marino Gnmani, 
UluBtrated by the beautiful iUumiuations of GiuUo Glovio. This 
work, ce>-tainly the gem of the collection, presents a curious 
contrast iu ita architectural accessories with taat to which I have 

{"ttgt adverted. The style is strictly RaJfacUesque, with niedal- 
iona and arabesques such as we see in the loggia of the Vatiaiu. 
I eannot pass from this magnificent and almost priceless mauu- 
■cript volome without adverting to the elegant character of the 
handwriting, When we look upon the beautifully nnilorm, 
dear, well-proportioned, deliberately shaped, and, 1 would al- 
most say, aignitied style of the lettering, and compare it with 
the eaiigrapby of the nineteenth century, in which the words 
look often more like the hasty unmeaning scratches of a bad pen 
tium the expressions of a man's thought and sense, it must be 
admitted that the lapse of three hundred years has brought, in 
tbis respect at all events, no improvements whatever, Nor 
perhaps can this be wondered at, when we tind, as that eminent 
scholar Mr. Panizzi has lately proved, the great Bolognese 
painter, F'rancia himself, did not think it beneath him to unite 
the study and practice of typography with the highest efforts of 
a most gifted pencil. 

Descending now HX) years, we come to the sketch-book of 
Inigo Jones; not the original book, it is true, but an admirable 
&c-«imile of it, presented to Sir John by the late Duke of Devon- 
shire, the owner of Inigo's own handiwork. It is not for me to 
dwell on this sketch-book, as it consists exclusively of studies of 
tigures and drapery. The book bears date at Rome in 1614, when 
the great architect was about forty years old. I cannot refrain 
here from adding that the motto which graces the firat page of 
this sketch-book is "Altro diletto el 'i/npurar' non trovo'* (I have 
Bo pleasure but in acquiring knowleidge), a sentiment which 
do*8 high honour to Inigo Jones, and one which should never be 
absent from the mind of an artist, be he young or old. When a 
man has reached the period at which he imagines that he has 
learnt his art, and needs no more teaching, he may rest assured 
that he has fallen fully into the sear and yellow leaf. 

In an evening devoted to the literary bequest of Sir John 
Soane, it seems natural that I should not altogether abstain 
fMm touching, for at least a few minnteg, upon that eminent 
professor's own peculiarities of architectural design. Although 
within these walls we very wisely abstain from the remotest 
criticism on the works of contemporary artists, that salutary 
limitation has long ceased to exempt Sir John's works from the 
free comment of the critic Upwards of a quarter of a century 
lias passed away since his death. I have, however, no inclina- 
tion nor intention here to use the lash. I would but remark, 
generally, that a constant endeavour to seek out picturesque 
effects, especially in the design of interior architecture, seems to 
have led to much of that eccentricity of manner which most 
crities are inclined to condemn in his works; although it may be 
loaDd to have resulted iu some ingenious combinations, and 
peritaps occaaionally in some original conceptions. 

We are apt to attacli too great value to that quality, "the 
ptctorMque." The application of the word is somewhat vague. 
It is a word of no very remote origin; for there exists, I believe, 
no word of equivalent value in any classic tongue; and, certainly. 



there is no trace of any word calculated to convey the idea in the 
written records of mediseval times,— a fact which is perhaps the 
more remarkable, as the quality which, probably more than any 
other, characterises medieval art is this same picturesque. To 
the best of my belief, this word was the invention of the writers 
on art of the period of the Renaissance. Its primary meaning is 
clear, although its application is, as I have said, vague and inde- 
finite. Whatever is especially well adapted for representation 
iu a picture is said to be " picturesque." In that sense its special 
applicability to natural scenery is obvious; bat it is also very 
properly applicable to those objects of art which, either from 
their form or colour, or from the combination of forms or colours 
that they may present, are particularly capable of being agreeably 
represented in a picture. Thus, an old or ruined building is 
usually more picturesque than a perfect and new one; for there 
is a hard dryness in straight lines and sharp angles, and a crude- 
ness, and almost harshness, in bright colouring, which cannot 
by the exercise of any amount of ingenuity be made so pleasing 
to the picture-loving eye as those more undefined lines and 
blended tints which almost necessarily characterise a rain. It is 
finely said by Byron— 

" There U a po»cr 
And magic id the ruined battloniBnt, 
For vlilcb the patsce of tlie prcMnt hoar 
Must yield its ponp, imd wait till egos Are ita dower." 

And a somewhat similar idea is expressed by another poet — 

"Ti»o 
Has moDldod into besaty maoy s tower, 
Which. When it frowned with all its lMtU«ineDt«, 
Wiu unly terrible," 

There is also a fruitful source of the picturesque in those com- 
binations or compositions of lines of which the result is an 
ensemble or group of forma pleasing, though we know not why 
they please. To dwell on the picturesqueness of medifeval art 
would be auperflaous, and, indeed, trite; for picturesqueness is, 
as I have said, the special and appropriate quality of that style 
of art ; the groups of towers and pinnacles, and gables and 
chimney-shafts, which characterise ft, are the very embodiment 
of the picturesque. 

I think it may be more useful to you to point out for your 
observation how that far simpler and less pretending forms arc 
susceptible of this attractive qtiality when treated by the han<]a, 
of an artist. It is impossible to stray over that land of art 
Italy — without meeting at every turn with plain farm-build in gs^l 
ordinary lodges — nay, sheds and gateways, of high wsthetic] 
interest. Not that they have been purposely so designed to 
please, but the old Italian mind seems to have been so tho- 
roughly imbued with artistic feeling, that they could not help 
imparting it to every common object they touched. Vagne an<l 
dililcult of precise definition as this word " picturesque" is in the 
painter's art, when applied to architecture it is certainly still 
more vague. We may readily enough say that monotony, uni- 
formity, and severity of outline are opposed to the picturesque; 
and that freedom and absence from restraint and vaiiety of out- 
line are circumstances favourable to, and consonant with, the 
picturesque. Yet to say that these latter circumstances are 
essential to its existence, or that the former are unreservedly 
incompatible with it, would be going a great deal too far. 

Oan we, for example, venture to say that the Doric temple of 
Minerva at Athena is not picturesque ? Yet symmetry antl 
severity of outline are its special characteristics. 

So in an ordinary modern London street we may find entire 
absence from restraint, and a superabundant variety of outline; 
for every roan buihla as he likes, and so variety is carried eveaj 
to excess; yet no one will quote Oxford-street or Fleet-street, oaj 
that account, as famishing examples of picturesque architecture.^ 
In truth, I apprehend that this very fiivourite but somewhat 
unintelligible word must bo classed with the atljectives, "grand," 
" beautiful," and such like ; words which address themselves 
rather to the feelings than to the judgment. Hence it arisesi 
that in architecture picturesqueness is a very dangerous objeei^ 
of ambition; for, if it be sought for by those who cannot feel it, 
there would be imminent risk of their running into ridicalous 
conceits. Their abortive attempts at the picturesque seem to 
have the same relation to really and truly picturesque composi- 
tions that nonsense-verses bear to real [Kietry. Each may pre- 
sent the requisite combination of long and short syllables, and 
the legitimate number of them; but the one is empty and im- 
meaning, whilst the other may perchance be fraught with 
sense and genius. 
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Even amoDgtaen who may really have some true feeling for 
the picturesque, there are those to be found who have a sort of 
luandlin lore of it; leading them to an extravagant and morbid 
craving for it, to such an extent, I believe, na sometimea to affect 
even the religious faith of thoae who abandon themselves to it. 
There are those who can scarcely aay their prayers with warmth 
and sincerity, unless assisted by such helps to devotion as the 
Ri-chitect or decorator may be able to afford; " the dim religious 
light," the " storied window richly dight," and the hierarchy of 
gilt and painted aiiints. It may be uncharitable to doubt the 
reality of feeling of such devotions; and we are here all of us too 
well acquainted with, and too much alive to the influence of the 
fine arts upon the uiiud and heart of men, to doubt their power 
of fostering a genuine religious sentiment; such an influence is, 
indeed, one of their moat legitimate and salutary effects. But 
every virtue has ite sham, — there is the courage which needs a 
dnun to call it into existence; there is the charity wliioh owes 
its birth to ostentation; and there is, as I have already inti- 
mate^l, the religious sentiment which u^eia these external 
melodramatic appliances to stimulate it into active existence: 
its votaries nee<l a picturesque architecture, and even a pictur- 
esque costume, for their buatenance; otherwise there is reason to 
feai' that their pious zeal might wane and wax faint. 

These, however, ai-e but examples of a false and counterfeit 
feeling. Men's minds are curiously and rarioualy affected. 
There are some more deeply affected bj' contemplating the lowly, 
unambitious village church, wholly wanting the attractions of 
sculpturesque art, than by gazing up at those vast petrifactiona 
of religion which have awed so many generations of worshippera. 

Still, I repeat it, there is no denying the wide prevalence of 
that influence which architecture exercises, be it evidence of 
human frailty, or of the potency of art; and it seema a very 
legitimate exercise of the witcheiy of art to practise those cun- 
ning devioea by which she can be made to elevate the mind or 
toudi the imagination. It is in truth the special province of the 
fine arts to do so. The kindred arts of po.-try, of music, and of 
painting, have in all age« asserted their dominion over the mind 
of man; and have claimed to bring even his enlightened intellect 
within the sphere of their potent spells. Surely then, architec- 
ture neither abdicates its proper functions, nor forfeits its cha- 
racter for utility, when it aims at exerciaing over the mind the 
like mysterious influence. 

But if it be true tliat such power belongs to our art, it behoves 
il who practise it to regard that power as a sacred trust, and 
not to risk ite character by exercising ita influences improperly. 
After ail, I believe that the most legitimate and the most wbole- 
oome exercise of the power of art is that which is inspired by 
truthfulness of character. I do not mean that the brcwhouso or 
the laundry, when unavoidably forming part of the landscape, 
may not most legitimately have their homely domestic uses 
veiled under some more pleasing forms than those afforded by 
the undisguised smoke-flue or the ventilator; but iu buildings 
demanding architectural character I sun confident in the opinion 
that, by giving to each the expression that most befits it, wc 
secure for it at least the one great merit of truthfulness of cha- 
racter. The tale that is most truthfully told i^ usually that 
which most affects us; and although it is not to be desired that 
the conventional forms and structural necessities, which an 
architect has always so largely to contend with, render it vaiu 
and futile to attempt to give a building all the expression of 
which the winter's or the sculptor's work ia susceptible; yet our 
art would little merit the position which it is admitted by all to 
bold aa a fine art, wei-e it unable to affect the imagination, and, 
to a certain extent, the pasaious. It is, I apprehend, more than 
a mere figure of speech to say that a building frowns on us or 
«ni]e« on us, or that it appears to attract or rei^el us. There is 
in one building a majesty that subdues us, in another a levity 
that even amuses us. There are some buildings of so festive a 
character, that in their vei-y aspect they appear to sympathise 
with U9 in our joy; whilst others, on the contrary, are of an 
aspect congenial with an opposite tone of miud. 

These are the qualities which constitute character in archi- 
tecture; and therefore, as I have said before, so do I repeat now, 
the character of his work should over l»e one of the chief studies 
of au architeot. But I perceive that Sir John's aspirations after 
the picturesque have leu me into too long a digression. 

There are other pecuMaritiea iu his works on which I need not 
especially dwell; for whatever may have been his faults, they 
have nut been imitated by others, and have nut therefore ia- 



fluencdd hia aaooessors either for good or evil. There were so 
many of these peculiarities or eccentricities in his manner of 
designing, that I am inclined to believe that he was ambitioai to 
found a style of his own. Without perhaps venturing to go so 
far as to condemn altogether any such attempt, I would at tdl 
evente say, that to found an original style of design in architec- 
ture would be a task demanding a very hich rank of genius^ and 
it ia an enterprise which I certainly counsel no man to undertake. 
I believe it was some vague and weak ambition of this natare 
which led Mr. Dance to conceive and execute so unfortunate a 
design as the front of the Uuildholl of London. There is a 
tradition that such was his aim. Ue sought to produce a kind 
of crofls between Gothic and Classic art; and the result was 
certainly not such as to tempt imitation, or to enhance his fame. 

I am convinced that no novel manner of designing which has 
deserved to be dignified with the designation of a itj/le was ever 
the production of any one artist. It has ever been from the 
force of circumstances that styles, in one art at least, have grada* 
ally taken their rise. I need scarcely uoint out to you how 
greatly collateral circumstances and accidentil and local pecu- 
uarities have, at all times and in all countries, influenced th« 
changes of style that have taken place in architecture. Of this, 
however, I took occasion in a former lecture to point ont to yoa 
various notable instances, and many others might readily be 
adduced. 

One of the ablest, as well as one of the most recent writers on 
the subject of the so-called Gothic architecture, M. Viollet le 
Due, points to the use of small-sized stones as one of the special 
characteristics of that style; and nearly 200 years previously our 
own Sir Ohristfipher Wren had mode exactly the same observa- 
tion. Both these writers point out how materially the style waa 
modified and influenced by that practice. In the middle agee 
thei-e were few good roads, and this rendered the coat of Uie 
transport of stone proportionately high; a coat still more aeri- 
ously augmented by the inordinate tolls, private and public, then 
so often und so extensively, on some pretence or other, levied by 
the landowners, whether lay or ecclesiastical, through wboee 
demesnes or territorial limits the stones hod to be conveyed to 
their destination. Theae causes of expense operated to so great 
an extent as to render the materials used in & building ttjuailr 
much more expensive than the labour required in working and 
setting them. Moreover, the wont of regular employmcBt for 
men in those times, and the consequent low scale of wagee, 
rendered! labour a comparatively unimportant part of the cost of 
a building. From hence a state of things arose exactly the con- 
verse of that which exists at present, when the masun ia often 
better j>aid than the clergyman; and when canals, railroads, and 
machinery have reduced the cost of getting and carrying heavy 
building materials to a small fraction only of that which pre- 
vailed in Mediteval times. The former state of things natunJly 
led to, {>erhap8, nearly all the peculiarities of the prevalent style 
ofbuilcliug. There was a lavish expenditure of labour in deep 
uudercuttiugs and perforations, and the intricacies of every kind 
which above all things distinguish Gothic work, and which 
are, iu truth, essential to the fuil and complete development of 
it. At the same time, the cost and difficulties of the transit of 
freestone naturally caused the use of it in small blocks, aa ob- 
served by Wren and Viollet le Due, — a result which of course 
tended to encourage those very intricacies and delicacies which 
characterise Gothic carved wurk iu general. Each boas and 
badge and crocket was usually a distinct stone; the capitala of 
the very largest pillars and piere were built up in courses of very 
moderate depth; each course of stone composing a distinct and 
independent band or tier of foliage or other ornamentation, 
whilst the shafts of columns, even iu the largest structures, were 
for the reasons I have adduced usually of diameters measuring 
but a few inches. 

In making these remarks I am very anxious not to be mis- 
taken 03 making them with any view, in the slightest degree, to 
the disparagement of any special style. My aim is to show that, 
as the manner of building haa always gi-eatly depended on the 
particular circumstouoea of the time or the place, and as every 
phase of art haa varied with the variation of circumstances, it 
seema as useless as, I think, it would be irnitional to expect 
permanently to bring back architecture identically to any one 
past phase of the art, unless we can resuscitate and bring about 
again all the coocomitant circumstances to whose influences that 
phase was due, and restore to it its special chat-acter,— a rcsusci- 
tation which, I think, we may regai-d aa of necessity imiiosaibie. 
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Ai aU put periods of oar art everj style has, in short, beeu tba 
type of ita own nge, the resnlt of that particular period which 
gaiVB birth to it. The Byzantine style, for example, waa the 
THult of the grafting of an Oriental element on the Classic stock 
at a particular period of its exiateuco. Had Byzantium suc- 
I combed to the West at an earlier stage of Classic art, the re- 
' taltant style would probably have assumed a very difforeut 
SBpect Again, had not Peter the Hermit preached the Crusades 
'at the particular period when a gre.it Beathetic energy was 
developing itself in some parts of Europe, the aspect nltimatelj 
a.'idumed by MeJiieval architecture might, i>erhap8, have been 
Tery different from that which in fact prevailed. It is the stage 
of civilis:Uion which a people may have reached, and the condi- 
tion they may happen to be in, that determine the effect upon 
the art* of any great historical event. To expect, therefore, to 
rerive aacoessfully in its integrity any style of<»rt, under circum- 
stances wholly different from those which gave birth to that 
style, would be to entertain an expectation inconsistent with the 
experience of all past time. 

We may very easily repeat to any extent the examples of any 
periled we may fnucy; but sucli repetitious, although it is occa- 
sionally, — Ludeetl, fivr to often, — the fate of au architect to be 
called upon to produce them, are mere travesties, artistic whims, 
so to speak, the relish for which on the part of the public taste is 
bj no means indicative of a well-founded or sincere love of art; but 
•oggestive, rather, of the caprices of an unformed, puerile taste, 
wbiob takes up or tosses away a style as a child would its toys, 
just n» the fancy of the moment or the caprices of fashion may 
dicWte, I have thought it well to say so much, even at the risk 
of being reminded, perchance, that 1 am but repeating what I 
may alrcidy in another form, and on some former occasion, have 
Tentnred to say. 

I am anxious to urge upon you, with all the emphasis I can 
eotnniaad, that the modem tendency to re{>eat and perpetuate 
old forms, and thus to live, as it were, upon the wits of our pre- 
deeeeaora; or, I might say, to feed upon the richuuffi'eii of the 
past; is a raischievous tendency when carried to exce«.s, destruc- 
tive of progress, and leading inevitabir to debasement. I wuaitl 
Bot, then, have you to look with indiscriminating reverence on 
the architectural productions of past times: let those productions 
be ever judged with reference to their age, and to the contingent 
circumstances of their existence. 

In many respects the present age with justice may lay claim 
to the merit of having advanced as time has advanced. It has 
with truth been said, that such has been the mond advancement 
of education and intelligence, that a poor child in a Sunday- 
school is in some respects better informed than the sages uud 
philosophers of antiquity; and certainly much of what was called 
adeuce by our forefathers has proved to be but foolishness. 
Nevertheless, we must admit that no such progress appears to 
have been made in testhetical culture. Excellence in that branch 
of moral cultivation would seem to be independent ©f those cir- 
coiuBtances on which excellence of moat other kinds depends, and 
to follow some different law. On a former evening I adverted to 
the apparent anomaly, that in the twelfth century, at a time when 
all Christendom was wrapped in the grossest state of moral and so- 
cial tjranny, at that very period there existed in France a school of 
art which was then commencing to produce works which may at 
the present day be regarded as equal to those of the best days of 
antiquity. 

Again, sculptors, as well as architects, are now in the nine- 
teenth century, endeavouring to rediscover the oldest principles 
<tfart; and to emulate, although longo intervallo, the works of 
artists who lived twenty-four centuries ago. We may seek illus- 
tiatioD, too, in still another quarter. In Arabia a udth sprung 
op in the seventh century which deluged Europe with blood, and 
(ended to inculcate a gross senaual system, — a faith which has 
raised the most formidable barriers against the moral improve- 
meut and civilisation of mankind; yet it was to the followers of 
that very faith of Maliomet that we owe some of the most grace- 
ful works that architecture has yet produced, as well as onu of the 
most beautiful styles of ornamentation that human taste or 
ingenuity has yet devised. In short, we get bewildered in a 

byriulh of contrareties when we seek to assign the sources 
. whcDoe baa arisen that perception of beauty which consti- 
I floe taste. 

TTowever charmed, therefore, we may be by those manifesta- 
tions of genius which past times afford us, our reverence for them 
.need not be indiscriminate. We should emleavour to search out 



what is beautiful and worthy of our admiration and study; un- 
influenced, as far as as our weak nature will permit, by local, 
national, or sectarian prejudices. 

It is from the high vantage ground of modem civilisation that 
we should pass in review oetore us the work of all preceding 
time, and of every creed and clime; not, however, by any means 
with a feeling of self-satisfaction or assumed superiority — for he 
must be, indeed, in a hofieless state who is not fully sensible of 
the inferiority of the present to the past in very many respect 
so far, at least, as art is concerned ; but rather let a duo reve- ' 
reiice for the works of past times be mingled with a sense of 
gratitude that so rich a storehouse of experience. hsis been laid 
up bv them for our use and benefit; and let us demonstrate our 
thankfulness by devoting all our energies, not to a dry, anti* 
quarian, pedantic imitation, but to a painstaking endeavour to 
improve ourselves by searching out and studying those principlea \ 
which may appear to have led artists of past times to so gi'eat ex- 
cellence. Principles, remember, never change. To adopt, in 
conclusion, the language of a former eminent president of this 
Academy — language which, applied as it was to his own par- 
ticular branch of art, seems, nevertheless, equally applicable to 
all art — '' There may," he says, " be new combiuations, new 
excellences, new paths, new powers, but there can be no new 
principles in art." It is to the exact understanding of these, 
therefore, that our best energies should be directed. 



INSTITDTION OF CI7IL ENGINEERS. 

March IH awl 25. — Tha {laper read waa " Bacription of the Worki] 
at the Portt of (SuKiiueo, Silloth, and Blylh.'" By Jambs ABESirnaT, 
M. Inst. C.E. 

The fttithor stated that be proposed to give an aocouat of the past and 
present hintory of lbe«e ports, so far as it poueased engineering int«Te«t, 
and to deiacribc the works coiuiected with them, rather with a view to 
the elucidation of general principles, than of entering into matters of 
detail. 

The port of Swansea was situated in the centre of an extensive bay, tife 
the embouchure of the river Tawe, up which the tide flowed for a diS' 
tanoe of three miles; but as the ordiDary flow of the rivur was trifling, 
the maintenance of the channel was chiefly dependent ujxjq the ebb anii 
flow of a large body of tidal water between the piers. Previous to th« ' 
year 17&1, there were only a few in«igniticaiit wharves near the mouth 
of the river, and there was a bar at the entrance over which the depth vf 
water did not exceeed from 16 to 17 feet at Rpring tides. The effect 
of the construction of the pieni, which HtUl remained as they were cotd- 

C' '«d in the year 1800, from the designs of Captain Uuddart, F.K.S., 
been to lower the bar and to drive it further out to se*; so that in 
1831 the depth of water had been increased to 20 feet. The eastero 
pier was 1340 feet, and the western was HHO feet, in length. Tbe author 
then alluded to tbe report submitted to the Harbour Trustees by Mr. 
Telford on the &th of February, 1H27, in which he recommended that 
the old and a pA>posed new channel of the river should be oonv«?rtciI into 
floatii; — as well aa to tbe opinions of several other engineers, including 
Mr. Je«i<e Hartley, who, in 1H31, suggested that a new cut should be 
made fiir the river, which wag to be "caoalised" by the cnmrtrnctum of a 
weir aumHS the mouth, and that the town reach shoald be appropriated 
to a dock and hjiif-tide basin. In the following year Mr. Hartley, in a 
further report, adhered g«neraUv to his former plan, but advised, in 
addition, uie deepening of the harbour by dredging. Fortunately, in ibe 
author's opinion, the works for tbe ''canalisation" of tbe river wenf not 
carried out. A new ohaonel was, however, commenced in 1840, and 
completed in 1844, at an expense of £23,000. Its effect had been to 
lesiien tbe risk to shipping, and, by giving a better direction and greater 
force to the outgoing current, to improve the navigation. In l$io, .Mr. 
Itondel was consulted as to floating dock accommodation ; and under his 
direction the cosatruction of an entrance with a double dll was pro'4 
oeeded with, as a preliminary step to the conversion either of tbe Hver 
or of the town reach into a float; but of this work the maaonty alooe 
was execute<i. 

In bis first report to the tmstees, in Fobroary 1840, tbe authnr pro- 
posed tbe formation of a dock on the site of tbe town reach, or old bed of 
the river. It was aubae(]uently determined to oonHtruct a dock and half- 
tide biudu, of tbe respective areas of 11 acres and 2^ acres; with a 
hjok entrance to tlie dock. 160 feet lon^ and 54 feet wide> and an « n- 
trsaoe to the half-tide basin, 60 feet in width, having a depth uf wiit<jr 
over the oiUs of 22 ft. 6 in. and 25 ft. 6 in. at high-water of ot>lin:iry 
Hpring tides. A small lock connected the Swansea canal with tlie Hoatk 
and another, at the head of the float, communicated with the various 
works on the banks of the river above. A small dock leading from the 
float, with an extensive rau^ of warehouses round its man^n, was also 
constructed at the same time, for the Duke of Beaufort, "the works fbr 
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the lock autl float were oommenced in November 1849, and cr>niplet«l 
in December 1851; thofie far the half-tide basin were begun in 1856 and 
were finiahcfi early in 18(51. ITie total oo«t of thesse works, exclusive of 
the quay walla, had amounted to £95,tt8S. In addition, the lower por- 
tion of the river to the pier heads waa straightened, and both it and the 
new cut were deepened by dredging. By ueae meaoa the depth of the 
entrance channel had been inoreaoed 4 feet unoe 1860. There waa no- 
thing peculiar in the oonstructioa of the works, but their execution waa 
attended with some difficulty, as a large portion had to be performed by 
tide work, with as little intemiption aa possible to the trade of the port. 
The foundations varied from hard concreted gravel to soft sandy day, 
extending bo a con»iderable depth. 

The moat important work connected with the port of Swansea was the 
nuige of floating dock aooomraodation called the .South Dock, which was 
formed on the foreehora of the sea beyond high-water mark. An act 
was obtained, in 1647, for the construction of this dock, according to a 
dengn furnished by Mr. T. Pa^'e, M. Inst. C.E. In 1850, the author 
was requested to moke the necessary plans for a trumpet mouth entrance 
basin, having an area of 3 acres; fur a lialftide or outer dock entrance, 70 
feet in width, with a single pair of gat<ec, having a depth of water over 
the cill of 24 feet; for a half-tide basin, or outer dock, containing an area 
of 4 acres, with a depth over the cill of 26 ft. 6 in.; for an entrauoe lock, 
SOO feet long and 60 feet wide, divided by intermediate gates so aa to 
form a greater or smaller look, with an average depth over the inner cill 
of 22 ft. 6 in.; and for a dock havmgan area of 13acre«, with a depth of 
24 foet. CoDBidemble progress had been made with these works, irtien 
they were suspended, in 1855, for want of funds. They wtre resumed 
in 1857, and were completed in 1859. at a total coat of £169,073. One 
of the first operations waa the formation of an embankment to exclude 
the sea. Careful observations showed, that the main action of the sea 
and the set of the tidea were to the eastward, towards the Mumble» 
headland. It was therefore decided to constniet a series of timber 
groynes, at intervals of ISOO feet, extending from the ahore to the line of 
the proposed embaidcment. Rough boulder gravel, found inunediately 
under the annd and the made ground, waa tipped between the seawatd-endls 
of the groynes, nntil a shingle beach of great depth was gradually formed 
which served as a face to the embankment, and proved an effective bar- 
rier tt» the encroachments of the aea. The centre of the embaidoucnt 
wiw oompoaed of the clay and peat found in the excavations, so that 
something like a puddle dyke was formed, and very ordinary raeMB 
were suflScient to keep down the aooumulatiou of water within tM worka. 
Whoa the aea emhsjikment had advanced some distance, the roa«onry 
of the diKk walls was proceeded with. These walls consisted of 
rubble, with coursed rubble faoework to a height of 2 feet bdow 
the general level of the surface of the water in the dock. They were 
teoed in the up|ier part with aslilar, projecting 3 inches beyond the 
rubble faoework. They were bucked witli the lightest anil driest 
luatwial that could be procured, in layers forming an angle from 
the wall ; and rubble drains, with pipee for carrying oflf any spring or 
upland waters, were plaoed at intervals in the walls. In no inatanoe 
had any failure taken place, although the walls were subjected to a severe 
lest; inasmuch as they were nearly completed when the works ware sus- 
pended, and on their resumption, the dock and outer baain were found to 
have become fiUe<l with water. Di-taik were then given of the lock and 
entrance, from which it appeared thai they wore constructed generally 
with elliptical inverted arches of nibble, the quoins and floors or plat- 
forms being of sandstone aahlar, obtained from the coal measures in the 
neighbourhood. The pointed cill stones and the hollow quoins were of 
greenstone and syenite, from the Carling Nose and Bomton Mount 
Wuitriea, near Edinburgh. The cill stones were carefully toothed ainl 
bonded into the floor stones, so ao to avoid a long straight joint. The 
reoeas and side walls were of nibble, with ashlar faoework in the upper |>or- 
tion similar to the dook walls, but the wing walla were fnaxl throughout 
with ashlar. The filling and discharging oulvertB were of brickwork. 
The sluice frames and paddles were of cast iron, fooed with bniMi. 
lu the lock and entrmnoe gates, the heel mitre posts and the lower rib 
were of the best tmk and English oak, and the ribs and planking were of 
pitch pine. Aoron the lock there waa a swivel bridge in one leaf, oon- 
uistin^ of two wrought iron tubular girden, with a Buiiemtructure fitted 
for railway or road traffic. There being no liackwater, the waste from 
lockage was supplied by a steam centrifugal pumping engine of 24 H. r. 

The sttoceasiful application of hydraulic power for working the usual 
hand gear at the float lock, and at the lock at Newport dock, with much 
heavier gates, determined the author to adopt the same plan at the new 
dock entrance, aa in caae of any accident happening t^j the hydraulic 
machinery the usual means were then always available. As it was of 
the utmost importance b the shipping of Webb cool, that as little 
breakage as pouible should take place, the hydraulic «lrop«, or hoists, 
weia so oonatructod as to deliver the coal into the hold of any class of 
venel immediately at the hatchway; allowance being ab<o made for the 
diffbrance in size of the broad-gauge coal waggons, the weight of which 
varied from 14 to 19 tons. TTie various machines employed for opening 
and shutting the gatea, bridges and slnioes, for working tl)e capatons, for 
discharging baUast, and for loading coal, aa well aa for the shipping and 
discharging of general cargoes, were upon Sir William Armstrong'B 



hydranlic system, having accnmnlators equivalent to an efleotive] 
sure of 750 lb. per square inch. High [Hresaure direct-i 
engines of 80, 30 and 12 horse power were uaed ai the 
Docks; the distribution of power being r^ulated by self-acting it- 
rangcmenta in connection with the accumulators, apportioned in a^cb 
case to the powen of the machines at present erected. At the float 
look, each line of shafting waa driven by a small water preasure 
engine plaoed near the middle, but owing to the length of the lock 
at the new dock, and other minor circumstances, the line of shafting waa 
broken, and was driven by two separate hydraulic engines on eaoh side of 
the lock. The time employed in opening or in closing the gatec was 
about two minutee and a half, which was as great a speed as could b& 
adopted with safety to the gate*. The sluices were worked direct by s 
piston and plunger placed immediately above them. The wrooghi iroD 
swing bridge was tamed in and out by means of two hydranlic cylindera 
acting in opposite directions, and attached to a drum lieneath tlie bridge 
by means of a chain. The bridge could lie opened or shut in coe 
minute and a half. The ballast cranes were each capaUe of discharging 
from S50 to 400 tons per day. Coal was tnought up for shipping on two 
distinct sj'stems. In one it was carried in end-tipping waggons, and in 
the other in wrought iron boxea with false bottoms, each holdii^ 2^ tana, 
and four being placed upon one truck. Altout 1000 tons per day could be 
shipped by each machine; and both could deliver the ooal on board at at 
faster rate than the ' trimming' in the hold of the veaad could be aoocm* 
pliahed. The machine for delivering the cool from boxes was plaoed 
above that for discharging the end-tipping waggons, and both were com' 
mandod by one man. By this oombinntion, a coue of coal could be 
formed in the hold of the vessel, by lowering the boxea through the- 
hatchway, and then, upon this cone, the remainder could be deUveretl 
from the shoot in connection with the waggon-tipping arrangementw 
Details were then given of the mechanism by which the Iwists were 
worked, from which it appeared that when a loaded waggon waa run on 
to the rails of the tipping frame, the cradle on which it rested was 
cither raised or Ibwered to the level of the shoot, as might be nnnrwiirjr, 
having a range of 21 feet for that purpoae. Tha catches of the waggon 
door were then knocked out, and the pressurt applied to the tipping 
frame. The empty waggon was brought bock to the point where the 
rails of the traveraer on mo oradle and the staith met. The oatdi aeon- 
ring the traverser to the cradle was then liberated, and the waggon was 
allowed to run down to the return line, on to which it waa pnalwu. Hie 
traverser was next hauled back tu the cradle by a ram, and lowered to 
the point defined by self-acting stops, whare the full waggons wer» 
taken on. The system pursued in disduuging from the boxes waa then 
minutdy described. 

With respect to tiie work performed by the hydraulic machinery, and 
its cost, it seemed that, during the year ending October ISUO, the actual 
expenditure for engine power had been X22 1 9*. Id, per week, or at the 
rate of 0*26 of a penny per cubic foot of water used for presBure. l^e 
cti«(t of working was, by the cranes 9-lOtlwi, — by the combined drop 
S-lOlhs, — and by the waggon drops 4-1 Qths of a penny per ton. Bat inas- 
much aa the engine power was never fuUy employed, this statement must 
not bo received as conclusive, as regarded the ca]>abilitie4i of the macbinezy. 
With the 8U H. p. steam entfine, it was believed that 100,000 culie 
feet of water could be pumped per week, at a cost of £'i(), or at the rate 
of 0'072 of a penny per cubic foot of water; and that of this quantity 
80,000 cubic feet would be avaikble for working the cranes and the oou 
drops, at » cost for the hydraulic power alone of about one farthing and 
one-seventh of a penny per ton rcapoctii'oly. 

The commercial effect of the construction of the dook worka and of 
the general improvement of the harbour was shown by the great ini 1 1 am 
in the t<jrLnag8 of veaaels frequenting the port. In 1H51, on the coai- 
|iletion of the first, or north dock, this amounted to 269,454 tons only. 
In 1860 it was 582,355 tons, and during the year 1861 the foreign ton- 
nage had increased 10 percent., and the trade was likely to extend, owing 
to improved cnuunuuioationB with the steam ooal and the iron-prodncang 
distriute, aa «-ell as with the heart of the kingdom. 

As a detailed description of the works constructed at the entrance of 
the port of Blyth had already been communicated to the Inatitudon by 
Mr. M. IScott, M. Inst. O.K., the authoronly alluded to thechange whidi 
liad taken place in the condition of the channel since the year 1864. It 
was then exceedingly tortuous, in many plaoai dry at spring tides, and 
the entranoe waa obstructed by a tpit of nod. As the channel ran for 
its entire length parallel with a lee shore, exposed to the direct aoUon of 
north-easterly seas, scarcely a winter pawed withoat vessels bein($ 
wrecked on the beaoh on the southern side. To remedy these evils, an 
eastern breakwater, 4600 feet in leng^ and a western half-tide training 
.wall, 4000 feet in length, had been oonstructed, and the channol h»l been 
straightened and deepened by dredging, at a total cost of £67,320. In 
designing these works, the author waa guided by experience obtained at 
Aberdeen harbour, the entrance to which wu similarly situated. Tie 
result of the construction of the works at Blyth was, that the ootgoii^ 
current had been increased to a velocity of 5 knots per hour at its gieafcit 
strength, whereas formerly it waa lost immediately on passing the line of 
the foreshore. The bar, or spit of sand across the entranoe. had been 
entirely removed, and there was now a dei^b of S feet or S feet at low 
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hnmedialely opposite thu hrenkwater. The depth throuebont the 
[^ImbimI bad been IncreaMd 4 feet, and veaeelB, after pAsnng tne break- 
r, weK dTectually protected from the actiou of nortb-eMterlyi or 
■■■ban gkles. 

In tbe year 1864 an act wne obtainetl, after considerable oppoaition in 
PwliBment, for the conEtniction of works at Silioth, on the Bolway Fritii, 
tbe general design of which woa stated to be due to Mr. John B. Hartley, 
U. Loft. C.E., although the direction of their execution woa entrusted. 
to the author. Tlie works compri8e<l a pier or jetty, 1 000 feet in length, 
flD the leaward aide of tbe dock entrance; — an entrance channel parallel 
with the jetty, 100 feet in mdth at tbe bottom, which was generally 1^ 
faei below the level of tbe adjoining beacli, with aide alopea of 6 to 1 , 
and a fall of 2 ft. 6 in. rn ita entire length;— an embankment on the fore- 
■bore, projecting 400 feet beyond high- water mark, and inclosing the 
entrance to the dock, which was 60 feet in width, with a depth of water 
over the cdU of 24 feet at high- water ordinary spring tides; — and a dock 
cwftaining an area of 4 acre^. with a depth of 25. ft. 6 in. A general 
teoription was then given of the principal peculiarities of the tidal and 
other featorea of tbe estuary. Tbe navigation at Sillotb Bay bad 
lemained onchanged for a long tine, and tbe anchorage within it afforded 
good holding groond, and was sheltered by sandbanks from the action of 
heavy westerly aeas. 

The objections which were urged against tbe aofaeme were then stated, 
■nd oontnated wiUi the results which had followed the completion of the 
wotka. It was considered that the flowing cnrrent might be deflected to 
the finglisb side, and would there form the principal navigable channel; 
aad it waa believed that, if a training work was constructed below Annan 
Boin^ aeeretion would take place on the up(ier [tart of Pnwfiwt Sand, 
ud a oontant navigable channel would be maintained fri;m Annan to 
SiOoth. The worka indicated that great care must be exercised in pro- 
jectmg aolid molea from the foreahore of an estuary on any san<ly coa«t, 
aa aa entnuioe to porta. Tlie sea channel formed inside the jetty bad 
proTttd maoeaBfol, and its maistenauce waa no lunger a matter of doubt, 
ae the depth and the sectional area remained the eatne na on its first 
funnution two years back. With respect to tbe construction of the docks, 
by the aid of wells sunk on tbe site of tbe works, and a moderate degree 
Of pamping power, tbe sand and gravel of which the excavation con- 
Mted were drained, and by tbe aid of sheet piling and concrete no 
diffioolty waa found in making good foondations. 

The entrance gatee, cranee, and ooal hoiats were worked by hydraulic 
oiaehraery, similar to that at Swansea and at Newport, except diat tbe 
oal hoista were exceptional, and deserved special notice, aa involving the 
qtteation of the relative capabilitieB and advantages of a higb or low level 
system fur loading ooal. The author believetl, that although there might 
M situatioQB wh^ the former system must be carried cut, yet that at 
■<Mh places aa Silloth ami Newport the low level system waa superior, 
bvlh for oonveaienoe and economy; as the coat of high level ereotiona waa 
avoided, aiding acoonimodation oould be afforded with greater facility and 
at leas ot'iet, while the quays were unencumbered, except by the spaces 
required for tbe hoists. The quantity of ooal that could be put on board 
was only limited by the amount that could be trinmied in tbe bold of the 
TesseL The cost bad been found to approximate to that at Swansea, 
one farthing per ton. The hoists, which wore ooiiHtrnotetl to receive b<:>tb 
tipping and hopper waggons, were then minutely described, and it was 
staled that the total coat of tbe works which had been executed at Silloth 
Cram 1856 to 1650, had amounted to £122,000. 



April 1. — Tbe fint paper read was on " Bailvny Aeddenti, — their 
esiueB a»d MeoM of prevention, $k(rioing the benring vAicA ejristing leyia- 
laiiom hampon lAem." By Jaku Bbunlkis, M. Inst. C.E. 

The author proposed to treat tbe subject by dealing with the facts aa 
they wors, the cauaes of accidents being in nearly all caaea sufifioiently 
apparent; he wcmld not therefore attempt by theory to establish ralea 
i<it their prevention. Prom tbe reporta of the o9ie<.r8 of the Board of 
IVade it appeared that, during tbe seven years from 1854 to 1800, the 
number of accidents amounted to 640, aa tbe result of 1274 distinct causes. 
Of theae accidenta 11 per cent, were attributed to the permanent way, 7 
««r cent, to the rolling stock, and 76 per cent, to the management, inclu- 
ding insufBdent means for securing safety, leaving only G per cent, as 
ftot aaoertained. 
Tbe aooidenta due to the nermanent way were then referred to in de- 
ll, and it appeared that the general defects were most evident in the 
■VJitera of ballasting, of juint-fidbing, of turning tbe raula, and of fastening 
chairs to the alee|>ers. With regarl to the ballaat, it was argaed 
it would be found economical to have at least 6 inches, or 9 
of rough gravel, or broken stone, as a &ee draining bed to the 
I and to the " top dressing;" and that, during the months of Sep- 
er and October, an extra numl>er of men sboold be employed to 
Fdnun the ballaat and beat up the road, in order that it might Mcome 
f oomaUdated before the winter's raina and froat set in, and thus avoid the 
evil aflbota of froat on wet ballaat. It waa urged that the pbui now in 
ganavnl uae, of placing tbe fish-joint between two sleepers was objec- 
♦ionabla, aa the ends of the raili* were unsupported except by the fi«h-platea, 
which together were fre<.iuently only equal to two-thlida of the section of 



the rail It was submitted that all the jointa should lie fished directly over 
a sleeper, or that a bracket chair should be used. Tbe practice of turning i 
the rails was condemned, because when a rail waa so much worn as to i 
quire turning, its strength was generally so reduced as to render it nnlit' 
for main line traffic. With regard to tbe fasteninga of the chairs to tbe 
Ble«|)eni, it was urged that it was desirable that iron spikes only should 
be employed on the outer side of curves, or else that the chair sboiikl l>t> 
partially sank into tbe sleeper, to lessen tbe strain on tbe treenail. Tlte 
Buperior economy of steeled, or partially steeled rails, points, ami 
crossings, was also incidentally noticed. 

In reference to the accidents which bad arisen from defective, ur ne- 
glected rolling stock, it wag found that many of the fraictures bad occurtnl 
during the winter months, owing, possibly in some degree, to tlie ri;ji I 
state of tbe " way" in frosty weather; whilst others were doe t*i il' 

of bad iron, and some to defects either in the welding of, or in tb«' i 

of attaching the tyres of tbe wheels. Steel, or the partially' steeled, tyvitn 
were now, to a certain extent, in use, and tyres formed of a continuous 
ring, or unwelded piece of raotal. were also successfully employed. 
Several new methods of fastening the tyres bad proved as fruitful ■ 
miBchief as tbe ordinary plan of simply shrinking them on, though iitherf] 
bad been found to be efficient; and it was said that on some lines ' 
tyres bad not failed to any great extent. The author hoped, that the im-^ 
portanoe both of tbe tyras and of the axles of wheels would lead to a 
useful discussion on this branch of the subject. Tbe usual want of uni- 
formity in the main features of the carriage portion of the rolli; 
stock was then commented upon: and it waa considered that tbi& varie ^ 
not only increased the cost of manufacture and of maintenance, but wu' 
often the cause of accidents, and frequently contributed U> render tlinu 
disastrous. Tbe author thought that the carriages should be nearly uni- 
form in size, and that the buffers should, in all cases, be the same knight 
above the rails. The longitudinal beams should be in the same lin«- 
throughout, be strong in themselves, and tbe framing secnrelj brac»). 
Tbe present coupling in tbe centre should be increased in strength, and 
the whole attachment between tbe carnages shoidd be such as to runil< r 
a train in effect, no far as practicable, as one carriage, with a cerl:;iii 
amount of flexibility; so tliat in the event of coUiMion, the oarriM).'>'-< 
should retiun their poeition, instead of rising upon one another; ;ui<l 
if an axle or a wheel broke, the crippled carriage should be paiti.iljy 
borne up by the neighbouring carriages until the train could be Btop{wd. > 

On the question of management, after some remarks upon tbe spce^l 
of trains, it was shown that by punctuality both in the time of startiuK 
and in tbe rate of running, safety, bo far a« human foresight was con- 
cen^d, was ensured. Tbe system of working the traffic of a railway by 
allowing an interval of time between the trains was deemed unsatiitfju- 
tory, and far inferior to the system of an interval of space. Tbe juii- 
dents arising from the irregubirity of excumion trains were then ollud* d 
to, and it was remarked that if during the summer and autumn Xhf 
ordinary trains were ran at lower rates of fares, the traffic would U' 
increased, as the pubUc would feel greater security in travelling. Ttic 
difficulty in running ooal or mineral trains to a fixed time-table might \m 
met by a mors general uae of the electric telegraph, and by a betteo' 
system of «ignftl1i»>g arrangements. During the seven yean from lt*.')4 
to 1 860 inclusive, eighty-eight accidents hwpened from inefficient xig- 
nali;, of which fourteen occurred in 1860. In some cases, especially ivt 
sidings, there were no signals ; in others they were defective in form, or 
were improperly placed. It waa desirable that junction signals and points 
should be worked simnltoneoualy by one man, and at junctions separate 
main and distance signals should be provided for each line. If the 
system of working the traffic by the electric telegraph was generally 
adopted, and the line was divided into sections, so that a train shoiibi be 
prevented from entering any section until the preceding one bad pas<H-il 
to the section m advance, collisions would be impossible, except tbo<k- 
liable to arise from disregard of the signals, and a jiroper interval would 
be secured between the trains, in spite of unptmctuaJity. As the want u( 
a means of uomnmiucation between the engine-driver and the guard oc] 
conductor had frequently been experienced, and as plans were in daily 
use on several lines, there was no reason why it should not be adopted uii 
all. To render it fully effective, the guard or conductt>r ought to start 
the train from each station by means of that machinery, sc> as to prove 
that it was in working order. Owing to the general high speeds and 
heavy trains, it was of the utmost im{iortanoe that ample break power, 
capable of being applied in the leatit time, should be pro\'ided with cocitj 
train. It was a question bow far a regularly distributed retarding forcer 
acting at the same moment on all the wheels, might not be preferable to 
a concentrated force applitd at particular points. By the system cf 
" continuous breaks," tne employment of several men with each train 
was uoneceasaiy. It had also another advantage, that a train was mure 
tmder control, and could be stopped in a shorter distance, lite ncgli> 
gence of servants, arising from their ignorance or inefficieBcy, was neat j 
adverted to, and it was thought to be due to the pay being too low tp 
command the services of men of intelligence, steadiness, and self-reliance. 
Frequently they were insufficient in number, leading to overwork, and 
instances were on record in which engine-driven luul been employed for 
seventeen hours daily, a^nd in some cases for twenty-six and thirty hours 
OQutiuuoualy. 
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The ftuthor pritpoMd' leaving the bearing of exitiling legulatinn upcm 
railnrajn to be deklt with by Captain Doughu Galton. He would, how- 
ever, observe that Govcmiuent interference wm not likely to render rail- 
ways safer, or more available to the traveller,' and that it would be 
better to rely on the cnuaideratioo and calm reflection of th>)M imnie- 
dJaHeij interested in thi*.9e enterpnBeB, especially as, from the heavy 
expenses attendant on accidents, directora and ahoreholders would natu- 
rally deaire to render this mode of travelling a« safe an pumible. 



Tho seoond paper read was on "Railway Aeeidentt." By Captain 
DopcLAS Galtojt, re., F.R.S., Assoc. Inat. C.E. 

It wa« stated that tli« length of railway communication opened in the 

itish Isles at the end of 1S60 was 10,433 iaile«, u{>on which l(i3,435,67K 
[|a88enger8 were conveyed in that year. From oihcial returns it appeared 
that during (he seven years ending the Slst December, \H60 there were 
116 pasBengen killed, and 2882 injured from causes beyond tbeir own 
cnntrtil. From the sums paid by railway companies for compensation it 
wo* c\alealAted that an insurance of one twcnty-f>:iurth |iart of a farthing 
fier passenger per mile would, on the avemuo of all limsfl, cover the coot 
of tuUway accidents. It had been found impossible to obtain reliable 
infurma ion ai< to the number of coach nc-cidents in this country, liut 
the retuni.s of the 'Messageriea Imp^riales' showed that in a series of 
yeant the numlier of passeugerts killed and injurtnl, fr<:im causes beyond 
their own control, Mraa 1 in 28,o00. From the latest comparative returns 
till' uiiniber of paasengers killed and injured was, on British niUwayB 1 in 
;^o-l,im*i; on Belgian railways, 1 in 1,600,000; on Prussian raUwayg, 
1 in 3,000,000; and on French railways, 1 in 4,000,000. The greater 
comparative safety of foreign railways was traced to differences in the 
conilitious of the traffic and of the management, as well as in the habits 
(if the people. 

In endcavuuiing to elucidate the question whether any of the accidents 
which had occurred could have been prevented by reasonable precautions, 
the first point which arose was, the extent to whidi the amount of traffic 
on the several lines influenced the number of aooidents. The general 
averages thus obtainnl «howed that lines of small traffic were oomparo- 
ti velj safe. But ae traffic alone did not determine the number of accidents, 
it was necessary to analyse the causes in detail ; taking first those which 
could not be guarded against ; and secondly, those which were within the 
control of the managing or working stafl*. Dtiriug the seven years before 
referred to, 534 accidents to trains had been reported upon by the inspect- 
ing officers of the Board of Trade, in which 2912 passengers wore killed 
or injured. In many of these oases there had been more than one con- 
tributing cau6e, but the majority might be thus tabulated : — 



Aecidentii from Engines '\ 
and Oarriages leaving f 
the Rails, or Fractures ? 
of Machinery * 

Collisions of eviBiy de- 
•criptioo 



II 



135 



S19 



S13 



25S2 



3m1 



£9 



Ifl 



Caaea in which tlie Acd- 
deuM were duo to Cannes 
within tbe control of tho 



5 



US 



2^ 

III 

S wo 



9S 



222 



15 



219 



17 



183 



These figures showed that a large proportion of the so-called accidents 
were due to prevantible causes. Those uising from the fracture of axles 

' tyres, and from engines and carriages leaving the rails, were less than 
one-half of the number which could not have been guarded against. Bat 
out of the 31'J coUisions only \^^ were attributjibk- to purely accidental 
cniiHos, wluli«t 1H3 were assigned to the negligence of inferior servants, 
and 120 to the manner in which the traffic was conducted, and which 
oujiht not therefore to have ooourred. 

With regard to the first class of cases, accidents which could not have 
been guarded aMirurt, the author remarkJsd that the best form of tjTu for 
a railway wheel had not yet been definitely settled. The wheels and 
axles oould scarcely be said to be meohanicaJly satisfactory ; the form of 
break in nse was alao imperfect. Although simple negligence could not 
liu cntunely prevented, yet in several cases the negiigenoe had been attri- 
bvi table U> the defective arrangement of the company in permitting points- 
iiKMi jirid engine-drivers to bo habitually over-worked. Those accidents 
nliirh aruec from trains passing on to a uTong lino through facing- points, 
might not have occurred if an indicator had been attached to the points 
Ui show in which direction they were set. The comparatively small 
tiumlfT c4 accidents from negligence alone afforded strung evidence of 



the efficacy of the direct responsibility of the inferior servants. A fev 
instances were then cursorily alluded to in illustration of those accident 
which were wholly or partially attributed to defects in the condition 
the railway or the vehicles, or to the absence of the requisite auxiliarie 
to safety, such as signals, breaks, &c. It was observed, that it was not ' 
for want of good rules that accidents occurred, but for want of a con- 
tinued enforcement of those rules, and a cloae examination into the details 
of the manner in which the traffic was worked. 

The discuHstons which had taken plaoe on this subject in Parliamient, 
both in 1853 and again in 1857, were then considered, and the conclusion 
was arrived at that freedom from railway accidents was not to be obtuned 
by Government interference, but by an cSective and responsible internal 
management, which would enforce the greatest punctuality and care in 
working the traffic, and maintain the strictest discipline amongit the 
servants employed. 

The existing law afl!aoting railway oompanias as carriers was then 
alludeil to ; and attention was next called to tbe principle of compensadoa 
for injuries suHtained, Lord Campbell's Act being specially cited as tha 
parlisjnentary recogniticm of that principle. It was said that this act 
removed a technic^ difficulty in the way of recovering compensation, 
rather than gave a new right to compensation. The money payment 
thus provided operated as a punishment, and tende<l to prevent the com- 
mission of oareloBa acta. Compensation might, therefore, be looked upon 
partly as a penalty upon the company for it« corporate carelessness, and 
partly a« a remedy to the suiFerer for tbe injury received. If viewed as 
a ivine<ly it should be such as to tend to prevent a recurrence of the act 
for which puniidunent was awarded. It should, therefore, depend cm th« 
degree of blame which attached to the management for tbe accident, and 
it should be etjuolly certain and just in its operation. In its aspect aa a 
remedy it should be easily recoverable by the sufferer. As at present 
levied it did not properly fulfil either of these conditions, for reaaou 
which were stated. Assuming that such a maximum amount was fixad 
VL\)*m as would fairly compensate the generality of paaaengers, aooording 
to the clAan in which they wore travelling ; and aMuming that it were 
made payable in the case of every accident which occurred beyond the 
control of the passengers, without there t>eing any obligation to prove 
negligence, tbe author was inclined to think that the fine would be 
rendered more certain in its operation, but that as a preventive the efioot 
of the alteration would not be appreciable. The lave remedy againit 
railway accidents lay, in tbe author's opinion, with the raflway rrminanifw 
themselves. Lu]>roved management would be greatly assisted by placing 
at the head of each railway a director of adequate capacity, responmbl«j 
to the board for tbe management of the concern, who should be reqo 
to devote the whole of his time to its interests, and be paid in proportion; 
by giving the chief officers of the railway control of, and makuig them 
res()OD8ible for, the several departments, so that they might be held 
answerable for the results ; and by providing a gradation of responsibili^ 
throiighout aU the employ^. Improvements in the machinery and system 
of Working might be promoted by the formation of an aaaodatioit 
amongst rmlway companies, embracing the objects of the aosociation be^ 
tween the German railway companies, and of the association betweea 
man\ifactur«TS near Manchester, for the prevention of boiler exploeiona. ^ 
It WM doubtful however, whether such an asaooiatian could become of 
any practical utility in this country, unless it assumed the form of an 
association for the purpose of mutual ininiranoe against accidents, 
managed by a board of railway officials, oboseo from the ■nsnrirtod 
companies. 



THE OFFICIAL PROGRAMME FOR THE DESIGN OF 
THE PAEIS OPERA HOUSE.* 
Section U.— Ballet. 
77. — (1) The room of the first ballet master. 

(2) Thftt of the secoud ballet master, and of the inapector. 

PRINCIPAL MALK PERFORMEP-S {Sujett hommet). 

(3) Actors (mimes) and dancers uf the first class; six dreaain^J 
rooms. 

(4) Substitates (doublet) and second-class dancers; six or eigh^ 
dressing roumiS. 

(fi) A store for dresses (about 15 to SO metres); and, pertaiuicj 
to this store, 

(6) A place for the dressers (4 men). 

(7) That of the hainJresser, as large aa a small dreasing room. 

PitUtCIFAl. FEHALB PERFOtlUEItS. 

(8) PriDcipal female dancers {premiiret danteutea) four rooma^ 

(9) Second liantewKS of tbe first class, eight rooms. 

(10) Second dan«eu*e» of the second class, twelve rooms. 

(11) A store for di-esses (about 25 to 30 square metres); and^j 
pertaining to it, 

(12) Accommodation for the dressers (6 women). 

* Cutiduded (Jrom pt^ 111. 
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(13) Aoeommod&tion for the bairdresaer, of the size of a small 
reesing room. 

(14) Accommodation for the shoemaker, which ought to be 
I piMvided near the rooms of the principals and the ladiea of the 

niTja dc httikt, aad to be large enough to allow three or four per- 
cous tri try on their Hhoes there. 

Corps de ballet. — men. 

(15) A dresBiDg room for eight leaiiing daucera and actors 
i^anuurt ckorypheh et tnimes\ or two rooms for four in each. 

(\Q) A room for the eight dancers of the first quadrille. 

(17) A room for the eight dancers of the aeoond quadrille. 

(18) A room for the sixteen pupil dancers conj[>rlaiug the 
third quadrille. The first and second qu.idrille may be united 
in one single room. The dressing rooms of the ballet ilancera 
should have proportionately the same dimensions as those of the 
male chorus singers, and like them should be <livided into boxes 
by partitions. These com|>artmeuts should be a little more 
roomy in the case of the leading dancers, and should form a 
tpeeiea of small room for each one. 

(19) A dressing room for twelve pupil children, only casually and 
occasionally occupied, and consequently capable of being more 
removed from the stage, and more contracted than those in 
regolar use. 

(20) A store for dresses, placed as far as possible in the centre 
c^the group of dressing rooms, and communicating readily with 
the central wardrobe: 20 to 25 metres. 

WOMKK. 

(21) A dressing room for IB leading female dancers, or pre- 
ferably two rooms for eight each. 

(22) A room for 10 dancers forming tho first quadrille, 

(23) A room for 16 dancers forming the second quadrille. 

(24) A room for 1(5 pupil dancers forming the third quadrille. 
Like the chorus singers, the ballet dancers ought each to have 

asejiarnte eompaitmenl, and for the leading ones this compart- 
ment should be l.-vrge enough to form a kiu<l of dressing room 
doaed by a curtain. For this about I'.IO by I'SO metres would 
be required. We only insist upon this arrangement for the 
leaders, so as to save space; but it would be highly desirable if 
possible to adopt it generally, should the public dressing rooms 
of the women, and even of the men, be large enough to allow it. 
We regard the habit which all the.se young girla are obliged 
to contract, of undressing and going through their whole toilette 
several times a day, in a common room, as an unfortunate cause 
of demoralisation. The mothers of most of the young female 
ducerB accompany them to the theatre, and remain in tlieir 
dieaaiug rooms. These rooms will consequently re^juire to be 
lat^ger for a given number of persons than those of the female 
chorus singers, who come alone. 

(36) A room for from IS to 20 young pupils, children employed 
only occa.sionally, and who couse<}uoiitly may be accommodated 
further from the stage, and with less space than the regular 
d&ncers require. 

(26) A store for dresses placed as near as possible to the group 
of dressing rooms appropriated to the female ballet dancers: of 
from i5 to 30 square metres. 

FIGURAXTES. 

78. The walking jijfurrtn/cff (non-speaking) so called because they 
neither dance nor sing, will have their dressing rooms better 
planed in contiguity with the ballet department, with which 
their duties more directly connect them, than with the chorus. 
Their ordinary number is eighteen, inolu.sive of two directres.ses; 
but it often rises to twenty or twenty-four, and may amount 
to thirty; the dimensions of the apjirtments devoted to their 
use must be calculated for this last number. A large room for 
thirty women is therefore required; or, better, one for twenty, 
and an adjoining one fur ten; also, a special Btt)re for dresses, 15 
to 20 square metres; the whole iu cue of the upiier stories, if 
there be no room nearer the stage. We do not require for the 
figurantes such roomy compartments as for tlic dancers, but at 
the least a dressing box of from "80 to I'OO metre wuuld be 
required for each. 

79. In the ballet department, as in that of the cltorua, the 
male and female dressers of the cjtrpi remain iu the common 
rooms, and consequently increase the lumiber of f)ersoU8 to be 
aooommodated in them; tliey <lo not however require, like the 
dressers nf the principals, to have a special pbce allotted to them. 

8U. The dressing room corridors roust be straight (an indis- 
ptosable condition of rapidity of working and efficiency of super- 



intendence) withour projections or comers, well ventilated, and 
lighted by daylight 

81. At several points urinals and well ventilated closeta 
ought to be contrived, in numbers proportionate to the various 
divisions of the establishment to whose use they are appro- 
priated. We have already said that the principals ought to have 
private closets adjoining their dressing rooms. 

supEnNtJMERj^RiEs (comparses). 

82. The supernumeraries ordinarily number from forty to 
fifty; for many works the number is from eighty to one hundred, 
and for some, as for example Im Jiiive, it reaches a hundred and 
fifty. As the future stage will be more ample than the existing 
one, the number of performers will necessarily incre.ise propor- 
tionately to the enlargement. The aame thing will be true of 
the bodies of chorus singers and dancers; for the latter, however, 
we have baaed our calculation of the reqairemenls upon the 
numbers at present employed. There will therefore be needed — 

(1) A common room for from 60 to 60 supernumei-aries, near the 
stage, so that this numerous and undisciplined troup may corae 
on without introducing disorder into the other departments. 

(2) A similar room, which may l>e further removed from the 
stage or at a higher level, as it ^T^11 only be made use of when 
more than 60 supernumeraries are employed. (3) Lastly, a third 
room of the same size, to be made use of only when works includ- 
ing great spectacles, such as La Juive, are played. Each super- 
numerary should have for himself and his dresses a box 0*70 or 
0"&0 met. wide by O'SO or O'fin met. deep. 

83. In the arrangementa for supernumeraries, and so far as 
possible in immediate communication with the principal roomjJ 
should be included — (1) a room for the superintendent of the 
supernumeraries and his under-superintendent, from whence they 
can easily overlook the room and transmit their orders to it. 
(2) Accommoilation (a stall or standing) for the hairdresser and 
his store of wigs, beards, &c (3 or 4 square metres). (3) A long 
QUTOW store, a sort of gallery for arms and armour (10 to 12 
metres by 2, or 2'50 metres). (4) A wardrobe, either single 
(and of from 100 to 200 B(]uare metres) or iu three compartments, 
aocexed to the dressing rooms; but iu this latter case the first 
must be larger than the second, and that larger than the tliird, 
for the first dressing room will be used at all performances, the 
second for those where the number of supernumeraries is larger 
than usual, and the third for the rare occasions on which it 
loaches its greatest height. [5) Lastly, if possible, a small court- 
yard, with urinals and latrines for the uae usually of from -50 to 
UU men, often increased to 100 and at tiroes to l&O. 

84. An excellent arrangement, and one very desirable with a 
view to the promotion of good order and of that supervision which 
becomes requisite in the employment of supernumeraries who are 
almost all strangers, and for the most part unknown, would consist 
in such an arrangment of this department that it should only have 
one communication with the stage, wide and direct indeed, but 
single, and that it should have none at all with any of the other 
departments. A separate staircase would afford acccsii— starting 
from tho vicinity of the room already referred to (No. 72), where, 
with the exception of the twenty-four regulars, the supernu- 
meraries are enrolled each evening, and from whence they woi 
go direct to their dreaaing rooms without any means of ari'lvins 
at the stage except in costume. Their work done, they woulc 
get their pay as they left,— in exchange for a check given by the 
superintendent of supernumeraries, — from the hands of a <loor- 
keeper stationed in a little office in the lobby at the foot of this 
staircase. 

SALOOXS FOR TBE FERFORMERS (gRE£M ROOHS.) 

85. The green rooms (different from the rehearsal saloons, 
which will be described further on) ought to be as near the sta^ 
as possible, and on the same level. The following details app 
to the principal performers' saloons: — (1) The saloon for vocalist 
This is an elegant but quiet sitting room, where ten or twelvj 
persons assemble to chat, and where the performers sometimer 
try over or rehearse a passage out of their part. The existinf 
saloon measures about 8 meti-es by 8 metres : that space is almos 
enough. (2) At each aide of the theatre, near the prosceuii 
and as far aa possible level with the stage, is required a lit 
mdoon, so to speak a box (of 10 to 12 square metres), to admit of 
hasty changes of dress, and to ahelter performers who 
awaiting the moment for their going ou to the stage (this is soma 
times termed foyer de rfpUque). (3) Near the scene and 
saloon, but a little higher or lower, a small room for the manii 
is necessary. (4) The side scenes would be relieved by the &pyro«] 
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pmtiob to the chonis singers of a saloon, much more simple than 
that of the priuctpal singers, but of about the same dimenaioDs, 
30 to 40 square metres. This saloon however is not indispeosable; 
the chorus can wait in their rehearsal saloon if not too far from 
the stage, or in their drestsiug rooms. (5) The dancers' green 
room [foyer de dame), the floor of which slopes like that of the 
8ta|ge, and which is surrounded by resting bars to assist in nrac- 
tiaine danciog (for want of space, rehearsals take place here, 
which should he earned on elsewhere), is not only intended for 
the use of the chori-grapKic performers, it is an eleg^ant saloon 
into which the director introduces all strangers of distinction who 
come to visit the opera. It is a place of meeting and enterUoin- 
ment for such of the subscribers as have the privilege of entry 
behind the scenes. It should be of birge size, for all the members 
of the ballet meet there (a hundred pers<ms and more); aud it 
ought to be decoi-ntedin a style to correspond with its di.'Jtinction 
as tlie opera reception room. It would be desirable for this 
saloon to bo reserved for the ladies and the principal male per- 
formers, aud that the male dancers of the corps de ballet should 
have a separate saloon similar to that of the chorus singers, and 
of the same size. That would be the sniall dancers' saloon. 
The dancers' saloon in the present Opera-house is 8 metres by 
ir? metres; it is a little too small. (6) Among the dependencies 
ft saloon for strange musicians, who are sometimes employed to the 
number of 20 or 30 on the stage. But this room must not be 
near the scene, on the contrary, it must be so far removed that 
rehearsals of flourishes of trumpets, which ordinarily occur during 
the course of the piece, should not interfere with the performance 
(see No. SO).; 

THE ORCHESTRAL DEPARTMENT. 

66. In all probability the orchestra will occupy the same 
position in front of the scene as now, since, notwithstanding the 
disadvantages of thia arrangement, a better has not yet wen 
found. The present orchestra contains eighty performers, it will 
re<)uire to be a little larger for the new house, and it will be 
advisable to lower its level to 60 or 060 metres below the pre- 
sent level. In the neighbourhood of the orchestra will be placet! 
(1) A saloon for the performers to the number of ninety; around 
it closets for preservmg thu instruments. (2) The room for the 
conductor, (3) That of the deputy conductor. (4) A store for 
mudc, harps, double basses, &c., level with the orchestra, and if 
poosible adjoiuing. The accommodation for the orchestra ought 
to be situated beyond the immediate dependencies of the scene, 
with wLich it oaght to have no commuuiavtion, except through a 
door which ordinal ily remains closed. 

ARRAKOEHKltTa FOR HORflKMEK 05 THE flTAOE. 

87. — (1) A stable for from twelve to fifteen horses. (2) A 
harness room, with a store for caparisons aud the various acces- 
sories of h.'iniess. (3) A station for grooms and stablemen (12 to 
lomen). The horsea all capari.soned should ascend to the stage 
and descend from it by a gentle incline, upon which they can go 
under cover to the very stable. 

IS8TRUCTION ASD RBtrKAIlSAIS. 

88. The saloons intended for instruction and rehearsals maybe 
remote from the stage, but must bo near the manager and the 
superintendents. There are required — (1) a small saloon for 
liinging lessons. (2) Two saloons for study and rehearsal of jiarta 

I ((Suitable dimensions from 30 to 40 square metres. (3) A great 
loon or rehearsal room. The dimensions of this room should 
snch that rehearsals of grouping, and efiecta either of dancing 
or singing can be made there as well u on the stage. For this 
it must have a width at least e<iiial to the opening of the scene- 
say about 1.5 metres. 

89, The dancing school, now conducted partly in the rue Richter 
and partly at the Opera-house, must be established entirely 
among the dependencies of the new Opera-house. It may be 

^tuated in an internal court-yard, if possible on the ground floor, 
nK> that the pujpila may come for their lessons without passing 
through any of the dependencies of the stage. This school will 
include— (I) Two dancing rooms, each for from twenty-five to 
thirty pi piia, one for girls, one for boys. (2) A waiting room for 
the mothers of young pupils. (3) One or two drtssing boxes or 
dressing rooms for girls. (4) One or two dressing boxes for bojs. 
(/)) Two or three private rooms firthe professors. The inslructiou 
of the two Bt'xes ought to be separate, if however space fails, it 
might be sufficient to have a single dancing room (a square of 
from 8 to lU metres on each aide) where Us^ons should be given 
at difl'erent hours. These dancing rooms may also be turned 
Jo Mccouat in riuioas wn^a. For ejamp le, they might be nseful 
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for musical rehearsals, and particalarly — if they were far enough 
from the stage for rehearsals not to create disturbance — they 
would serve for those of strange musicians; in thia case they 
would render unnecessary the room specified (No. S5) for thoao 
musicians. -^^ 

WARCROBB. ^H 

90. The work rooms and general warehouse for costamefl may 
occupy the upper stories of the buildings appropriated to the 
raauageinent. At the same time, they ought to be as near as^ 
possible to the dressing rooms of the performers, and to com- S 
municate by a wide and easy staircase with the appendages to ^ 
the stage. The complete establishment should include the 
following : — 

UANAGEUENT OF THE DEPARTMENT. 

Three rooms opening out of one another. (1) Room for the 
superintendent of dresses {chef de CItabitlemmt) (2) Office for 
the deputy superintendent and servant. (3) Room for the designer, 
usually only one person, somelimca two or three; to be large 
enough and well enough lighted to permit of a large figure bei' 
dressed there, or, if necessary, a model being set. 

SHOPS. — MEN. 

91. — (1) Tailors' shop, for from 20 to 24 men ordinarily; 
more when work pre.isea, that is to say as often as a great 
is got up : an area of 140 to 150 metrea is desirable, well lighted, 
;ls much as poHsible sheltered from the rays of the suu, and with 
a ceiling lofty enough to prevent the atmosphere from beoomiog 
too much vitiated, when working at night, by the breath of the 
workmen, anil by the 30 gas burners which light thorn. (2) The 
it)om of the foreman of tailors, small, and united to the two follow- 
ing. (3) The cutters' shop, to contain two or three persons and a 
great tailors' Ixiaid (20 to 25 square metres), separated as much 
as possible from the largo tailors' shop by a glazed partition, 
(4) A small store for new dresses in course of manufacture, and 
such as are not yet taken into use. 
vovxs, 

92. — (1) Shop for seamstreases and ombroiderera, from 30 to 40 
women — the counterpart of the tailors' shop. (2) Tlie room of 
the head seamstress, small, and united to the two following ones. 
(3) The work room of the chief seamstress and of the aasiatant 
seamstress and assi.staot milliner, separated from the large shop 
by glazing. (4) A sm.all store for dresses in hand, (5) A small 
room, eiisily reached from without, for receiving, counting, giving 
out, and repairing linen and hosiery, 

93. Easy oommuuication and access between the two work* 
shops, placed under the general direction of the superintendent 
of dresses, and the inspection of bis deputy. The office of the 
latter should be so placed as to render superintendence easy and 
efficacious. No one ought to be able to enter or leave without 
passing under his eye. The superintendent of dresses, the fore- 
man of t-iilors, and the chief seamstress, ought to he acoessiUe 
without entering the workshops, which should be closed agaiust 
ail persons not employed there. Within reach of these anops, 
private closets for men and for women ought to be provided; ftud 
it would be very useful for a sort of refectory to be provided, 
with a cooking range, where the workmen and workwomen 
who are detained for urgent work, or are to work through the 
night, may warm-up their food, and take their meals vrithoat 
leaving. 

STORBB, 

94. The central wardrobe includes two prindpal sections, 
themselves subdivided into several groups, namely : — 

Prinoiptds, 



Men 



Women 



Opera. 
Ballet. 



' Supomunjcraries. 
f Opera 

"i BaUet 



(Tioriiii. 
Pruici]Ml*. 
Corp* de BaUet. 

Principala. 

Chonw. 
I Principals, 
j Corp* lie Ballet 



V. Figurantes . 

and there are required— (11 Two rooms of ahont equal area (««eli 
about 150 metres), communicating by one or several opetunn, 
and subdivide«l by closets and partitions of wood, to suit tne 
rwjuirements of each depai-tment. (2) A little store adjoining 
for the most valuable dresses, head <ireases, feathers, flowers, 
jewels, &c. (3) An armoury, for from 50 to 60 complete suits of 
armour, a certain number of helmets, cuirasses, and other por- 
tions of armour, several hundreds of balberts, spean, attm 
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itrdi, Jbe. (4) A little work-room adjoining this armoury, for 
koiog and polishing. (5) A small store for iire-arms, with a 
icfa for the gon-smith. (6) A Bmoll store, well ventilated and in 
shade, for furs. (7) A store, from 20 to 25 square metros, for 
lie hatt«r, with a furnace, and a bench for the repairs and brush- 
up of hata. Lastly, in an upper story, if need be in the 
[loof, oat near the general wardrobe department — (8) A well 
lireotilated light room for beating and cleansing dreases. (9) A 
•tor* for old disused dresses. 

9&. Fartber^n the same story as the shops, and in easy oom- 
maoicatioa with the office of the superintendent of dresses and 
workshops, must be provided — (1) The store for materials, a room 
of from 30 to 40 square metres, fitted up with closets-, with (2) 
Au office for the warehouseman and his servant. (3) A dark ixx>m 
for examining the effect of materials when lighted up. 

HISCELLayEOaS WORKSHOPS. 

96. It has been considered that it would be well to have, in 
the bnUdings of the opera, painting rooms for the scenery. These 
painting rooms, which could be formed nowhere bat in the i-oof, 
would be of but parti.al use. The difficulty of access and of 
working, the impossibility of setting np stages of scaffolding for 
want of suffioieut height, would of necessity limit the use of them 
to repairs and touchings np. Now since there is little probability 
that the run of a piece would be stapne<l to allow its scenery to 
be touched up, and since there will Jiardly be room enough to 
allow of the scenery for all the works on the list being kept in 
the opera house, there would be no reason for ti-ansporting 
thither, merely for repairs, scenery which could lie much more 
conveniently mended in the painting room, which ought to be 
annexed to the general store. These painting rooms cannot be 
ooooted upon for the preparation of new scenery. Space and 
height will always be wanting for that; besides there would be 
great disadvantage in mixing up the departments of the theatre, 
already so extensive, with painting rooms, which would bring in a 
number of persons, usually far from orderly. 

97. The general scenery store, which cannot be dispensed with, 
and the painting rooms (for of these two or three at the least are 
needed), require ten times as great a space as can be spareil for them 
at the opera-house. They must be transported into a remote dis- 
trict where, land being cheap, it will be easy to afford them that 
tpaoe which is wanting in the rue Richter. If the system of 
mounting soenes, which we have described (No. 48 and fnllowing 
sections) be adopted, they will only seldom have to be trans- 
ported, and thei'e will be no disadvantage in the store being 
remote from the theatre. This further advantage will accrue — ^iu 
place of a warehouse representing a rent of a hundreil thousand 
fnacs or more, a better one will be provided which will not 
ooat a third of this sum. 

98. The roofs of the house will bo tvimed to very gootl account, 
if stores for cumbrous accessories, chandeliers, tackle, the prepara- 
tious for balls, the general store of the house-upholsterer, and 
his workshop, the brushing room for dresses, kc, are placed 
there. A carpenters' shop for repairs can be also very aoitably 
provided there. 

99. Other workshops yet are essential, bat the roof is not 
the locality in which they should be situated In a court- 
yard near the stage should be found— (1) A smithery, and a 
forge, (2) The general store and shop belonging to the lighting 
depai-tment, and a station for those engaged m this department, 
(Me Noa. 60 and 67). (3) The store and shop of the chimney 
•weeper. (4) The house carpenter. (5) The store for brooms, 
bnuhss &c. (6) Stores for fuel, goods, &c. (7) A cart-house, 
and even a stable for a cart-horse. 

PRKCATJnONS. 

100. The construction of the new house of incombustible 
materials, will very much lesson the danger of fire, and will 
render a general conflagration impoesible. But wood and com- 
bustible materials most inevitably be sufficiently made use of 
lo the formation of the stage, the scenery, and the internal 
ftttinom for these to remain in considerable danger, and for it to be 
■ ■ ;il)le that precautions should be taken against the 

. of Jiccideut. The existing movable iron grating, the 
oojpci rii which ia to secure the retreat of the audience in case 
a fir9 breaks out in the direction of tlie stage, will therefore be 
Ntained, As at present, charged water mains would be provided 
in various parts of the theatre, supplied from enormous cisterns 
in the roof. A powerful hydraulic system, acting by compressui 
air, or under the force of ordiuary fire engines, will afford the 
meaoii c>f rapidly and successfully encountering such accidents 



as may arise. But the engines or any other motive power 
selected, must be established on the ground level in the neigh- 
bourhood of a conrt-yMd, easily reached from witiiont and from 
all parte of the eetablishment, so that in case of anythiug serious, 
the action of the engines should not be intemipled. The 
architect will avoid placing bis fire engines as they are placed iu 
the present opera house — in a cellar, which would in a short 
time have to be abandoned for want of air to breathe, should any 
fire of magnitude break out 

101. The station of the firemen (tapeurs pompiera), about 
fifteen men, and their store for appliances to ud escape, will 
naturally be established near the engines, and so that these 
firemen can quickly reach all parts of the stage and the house. 

MANAOEMKNT. 

102. The offices of the management and adminstration will be 
80 placed as to secure prompt and easy communication with the 
stage and with all departments. They must be easily reached 
from without, and foot passengers must as far as possible be 
sheltered up to the very door, which will open out of tlie 
principal court-yard (No. 68), and iu such a way that carriages 
can opproAch it easily. The manager's dep^artment will include 
— (1) An ante-chamber. (2) A small waiting room. (3) The 
manager's private room. (4) A small room adjoiuing. (5) The 
room of Uie manager's private secretary. (6) The room of the 
general secretary. (7) A small room ailjoining. (8) The strong 
room {depot det archives), which reciuires two other rooms of 
together about 50 square metres of area. These rooms ought to 
have exit doors, allowing the officials who occupy them to leave 
them, and reach the stage and all portions of the establishment, 
without passing tli rough the ante-chamber. 

The administrative offices will comprise the following: — (9) 
The oflioe of the principal cashier, flO) Offices for 3 or 4 
assistants. (11) A room for the office clerks. (12) An inspector's 
office. (13) A clerk of works' office {bureau da batimenU H du 
material), 

103. Thft cashier's office ought to be readily accessible to the 
whole staff on pay days, and daily to the public. It will con- 
sequently be better pjaoed on the ground floor than on an upper 
floor. It is desirable, in order to guarantee the safety of this 
office, that it should l>e so situated as to be always under the eye 
of the door-keepers and inspectors, and should have no opening 
into the public w.-ty. The ciahier's department will consist of 
(1) An ante-chamber into which the pay window opens. (2) Tba 
cashier's room. (3)'' An office adjoinmg it for a clerk. 

104. The library of the opera-house contains one of the most 
important musicsd collections extant. It possesses autograph 
and unpublished works by the greatest masters, the loss of which 
would be irreparable. All the separate parts of the choral and 
orcheistral scores of the operas and ballets played at the oper« 
house, are there iu full, and in case of their disappearance could 
not be replaced without heavy expences and a very long delay, 
during which the performances at the opei-a would be of necessity 
interrupted. It will tlicreibre be impossible to be too cai^pful in 
preserving this valuable deposit. The leader of the orchestra 
daily sends for and returns to this library the scores necessary 
for the performance of the day. For the convenience of working ] 
it might be therefore desirable for this library not to be 
established too far from the stage, but it is above all things 
requisite for it to be placed in a dry spot secure from any danger 
in case of fire. 

105. The library, and the store for scores attached to it, at 

S resent occupy five i-ooms, having a total area of 200 nsetres. 
lore space must be allowed for the new house, inasmuch as 
the store receives some increase every year, and ia already too 
small. 

UKJ. To the library shonld be annexed a copying room ^for 6 or 8 
copyists), and the room of the librarian, who is also supermtendent 
of copyists. 

RESrDEKCXS. 

107. The principal officials employed at the opera are on 
duty day and night. Noue of them can leave the theatre before 
the end of the performance, and some of them remain for long 
after, nolwithaUindiiig which their functions recommence on the 
morrow at a very early hour : for example, the general secretary 
— who has the adminiatration and superintendence under bis care 
—and the principal machinist The presence of the heads of 
depailments is daily and at all houra essential. To prevent 
casualties, they must to a certain extent be permanently at the 
theatre. Even without any regard to the oonvenieuce of the 
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officials, it can be easily undcrBtood that, reachiDg their homes 
far from the opera hoase at an advaDced hoar of the night, 
exhausted by the fatigue of a long and laborioua day, it is 
difficult for them to recommence their work early the following 
day, and that conscKjnently a great relaxation of the preparations 
and the general work of management must ensue. The general 
secretary and the cashier are at the present day the only 
officials residing at the opera house. We consider, notwith- 
standing the 3ileuco maintained in the programme which served 
as a basis for the first competition, that the new opcra house 
ought to include residences for the following offioiala and 
assistants: (1) The manager. The manager of the opera is at 
oucci a goucr.'d who oug&t to be always at his headquarters, 
and the liead of a vast establishment who cannot safely remain 
out of reach of hia at'liers. (i) The general secretary, upon 
whom ilevolvea the administration, the care of the pi-operty, and 
tlie i>*;rnianeut superintejulonco of all the diSerent departments 
anl (if the building itself (.1) The stage manager, who is 
1 '-IHiiisiblo for the scenic elfects and the rehearsals (marclie de» 
(tmi'r.i). (4) Thesuperinleinleut (rfi^Mjwfixr), his principal aasistaut, 
ii|< I'll whom devolve all the details of the stage, notices, &c. 
The cashier, accountable for heavy sums of money, and who 
!i Jit neither to leave the charge entrusted to him, nor to carry it 
iiM.tv with him. (0) The head machinist, who has the immediate 
command of all the workmen. 



ON PICTORIAL MO.SAIC AS AN ARCHITECTURAL 

EMBELLISHMENT. 

By M. DiOBr WTArr, Architect. 

f Concluded /roiii patje 120. j 

A FKw words will suffice to dismiss the sixth species of mosaic, 
which I have called " Italian Portable." By this term I would 
'■"'.w'k'V that the basis of the variety is not so much making por- 
U*i>le mosaics, as, from the great weight of the materials, they 
can never be maile ea.sily portable; but rather making reprodnc- 
lions, in rdosnic. of pictures in oil or other media, which may be 
r 1! lily transferable from place to place. This species 

1 . .1 ; ^ ii'loelse than a revival of the fine opxts vermiculatvm 
of the ancients. It would be incorrect to say th.^t the Greeks 
did not ovi-r m.iuufacture miniature mosaic pictures; because two 
noted specimens exist to my knowledge^ — one at Florence, and 
the other, of extraonlinary jwrfection and curiosity, in the Ken- 
aixigtou Museum; but it may be safely averred, from the great 
rarity of such relics, that thu practice was altogether exceptional. 
This, itidoed, is not to be wondei'ed at; since, with the quick 
drying ceuietit ortlinarily used for moS'iic work^ it must have 
been extremely difficult to execute these almost microscopic pic- 
tiire?. which bring within the compass of a few square inches 
subjoot« usually worked out in as many square feet. 

Tlii-i leails us to the conclusion that the i^ucients for their finest 
mosaic pictures mustt have used some retarding agent, such as 
honey or beer would prove, to keep their cement plastic longer 
than it would remain if mixed with water only. When, however, 
<ii- v.inni Baptista Callaudra applied, early in the seventeenth 
eoiilury. a mastic in lieu of an ordinary hydrate of lime, to unite 
tlie t^ssiira-, it became comparatively easy to copy the most elabo- 
rate pictures iu mosaic. By this artist was executed the beau- 
tiful rt'producticm of Guido's St. Michael; which, with Ratfaelle's 
"Transfiguration," and Domonichiuo's "St. Jerome," is about 
the b'-st of all the celebrated mosaic pictures iu St. Peter's. 

Iu the marble incrustation which forms our seventh species, 
and which is best known as Florentine Mosaic, the tints and 
shades .arc giveu by the natural colours of the jasper, agates, and 
other precious materials of which the work is composed. The 
haidest miuerals only are used; and as each small piece must be 
cut and ground to a pattern, and each thin veneer backed by a 
thicker one uf slate, or some such material, in order to give it 
strength; so much labour and time are involved in its pro<luction 
that its high price has necessarily limited its use. Zobi, the 

tjriucipal writer on the art of pietra dura mosaic, tells us that be 
tnows of " no existing example in Italy of marble pictorial mo- 
saic executed during the first periods of the revival of the arts, 
esceptiug the specimen to be seen in the central nave of Siena 
Cathedral, said to be the work of Duocio di Buoninsegua, who 
lived in the fuurteenth coutury." There can be no doubt, how- 
ever, that the art was founded ou the opui tectile of the 



ancients, and that it descended by regular tradition from cli 
times. I need scarcely recall to your recollection the exi 
dinary advance made in the pavement of the same cathc 
upon the work of Buouinscgnn, by that great master of the 
teenth century, Bcccafumi. The art was greatly patronised 
the Medici. Tlie celebrated " Fabrica Ducale," of norence wj 
founded by Ferdinand I., Grand Duke of Tuscany, in 15i<^; au<i 
its reputation during the seventeenth centni-y was kept up 
the exertions of those artists to whom Florence owes the fines 
specimens of mosaic which enrich her palaces and galleries, anc 
whose names are for the most part given to us by Baldinucci. 

Before taking leave of this subject, we must not omit to notioaj 
the exquisite specimens produced in India of pictorial mosaic 
representing the finest Arabesque and conventional ornament 
pietra dura. That the Indians were early in possession of all ~ 
technical ability necessary for such a work is proved by the an- 
tiquity of some of their gem-cuttings, inlaying, ywlishing, and 
carvings in hard stones; but it is probable that their sovereiguil ' 
owed much to Italy for assistance in that beautiful marquelrj 
which ornaments the great monuments at Delhi and Agra; fo 
iu 1688 a passport was obtained from the King of Spain, by 1' 
Grand Duke of Tuscany, for four workmen, skilled in mos 
working in precious stones, whom he was about to dispatch 
the Great Mogul. 

This art is retained at the present day both in India and 
even greater perfection in Italy; for the specimens contributed ufl 
the recent Exhibition at Florence, some of which may be even 
now on their way to this country, were quite equal to anything 
produced in the palmy days of the Meilici. 

It would take too long now to describe the practical processes 
adopted in this and other modes of mosaic working, and 
having already given them iu a work I published in 1848 od ths 
subject, and in a report to the Board of Trade made in 1856, it ia 
better to refer you to those sources of information than to further 
detain you from entering upon what is, indeed, the most practically 
interesting section of our inquiry this evening. Before commen- 
cing, however, upon the secoud part of our subject, the theo- 
retical basis upon which we should as architects aid in the 
revival of pictorial mosaic, it behoves us to tike stock of the pre- 
sent state of the material conditions likely to affect any such re- 
vival. In Italy, as I have alre.idy said, the art has lingered onj 
maintained in its monumental form by the necessities of vej 
ing old works, rather than by the desire to create new; and ii 
its portable form by the incessant deniamis of foreigners to caLiry 
off with them, as pilgrims' marks, in the nineteenth century, 
slabs of what is generally known as "Roman mosaic." In Francey] 
under the first Republic, an effort was made to intro<luce thiAj 
manufacture into Paris; and a " fabrica" was opened by the no.* 
thorities, under the charge of a Signer Belloni, in the old CoUeg 
of Navarre, in the Rue de la Montaigne Ste. Gene'vicve. At tl 
" Exposition" of the year X., some products were contribut 
from this establiehnient; but as it altogether disa]>pears from tba ' 
catalogue of subsequent expositions, there is every reason to be- 
lieve that the experiment was abandoned. With this exoeptio]| 
I am aware of no attempt made by France hitherto to revi\ 
pictorial mosaic. I have not he.ard of any other efforts, making ' 
or made, in any of the other countries of Europe, excepting our 
own. 

Before noting what wo are doing in this direction, it may bo 
well to record the progress making in Italy. There are now 
three establishments in " Itali.V (supposing it to be " Unita"), at 
all of which I believe the smaltl, or w^loured vitreous pastes re- 
quisite for mosaic working, .ii-e made, and from which they may 
be procured. These are each attached to great structures, the 
mosaics of which require occasional repairs; viz., St. Petei^s al " 
Rome, St. Mark's at Venice, and the Benedictine establishmenf 
at Moureale, near Palermo. Of the products of these establirii^ 
ments, the Roman .and Venetian are the best, and the Slcll 
the cheapest. Through the kindness of Mr. Penrose, uf whoati 
exertions in connexion with the revival of mosaic I shall pra*] 
sently have occasion to speak, I am enabled to bring to youi"^ 
notice the following particulars of the relative eo."it of 
products of these establishments. At the Roman Fabrica hi 
was furnished with an estimate for the execution of laoaaiaf 
(of course, in very fine work) for " opere di decomxione'* at 
the following rates, reduced to English feet and Engliah 
money: — For figure subjectjj or landscapes, at firom 23/. to 38i.. 
per foot superficial; for flowers or animals, at from 23/. to SllM 
per foot ; for Grecian, Roman, or cinque-cento ornaments. 
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from 192. to S7/. per foot; and for Byzantine ornaments, at from 
3L I7«. to IK 10#. I cannot help thiukiug that there muat have 
been aome mUunderst&udiug with reupect to the above estimate; 
tor such prioea might justify the very minute work requisite for 
eopving bighly-fiolBhed pictures, but are altogether unreasonably 
hign for ordinary decorative work. I am 1^ to this condusioa 
becaiue Ciampini tells as that, when Clement VIIL, in the be- 
gioning of the seventeenth century, commenced the embellishment 
with mosaic of the dome of St. Peter's, the price offered for the 
labour was about 1/. 10«. per English foot. This vrna so profit- 
able to the workmen, as to attract the labourers from all parts of 
Italy, "fanut tarn immodici prttiiP The consequence was that 
veiy speedily the price fell to about 1$, 3d. per English foot. 
This would be, of course, exclusive of the value of the mateiial 
employed, which latter would be worth, then, probably about 
15*. an English foot. Allowing for a great increase of value 
■iaoe Clement VIII.'s time, it is hard to suppose that similar 
work could be worth more than about 3^. sterling per foot at the 
present time. This would agree pretty well with what the 
director of the mosaic establishment at St Mark's-^Slgnor Moro 
^told Mr. Penrose; viz., that the cost of finished work, similar 
to the ordimuy Byzantine, would be about 3/. ia. per English 
foot. 

With respect to the cost of the Venetian material, I have 
injMlf obtained from the Count Conaro the prices at which 
%ugoot Salviati, the practical mauufiicturer who makes for St. 
lurk's, will supply the smalti, viz., for gold and silver, 12*. per 
pound, cut into tesserae; 6». for the same quantity uncut For 
varied colours, 3*. per pound uncut. Count Conaro states that it 
will take about 33 English pounds weight of gold and silver, or 
flO pounds of coloured smalto, to do a French metre superficial of 
moudc; the French square metre being rather more than an 
Kiglish auperJlcial yard. Mr. Penrose remarks that, at Palermo 
the price is much the sane as at Mumno for the smaJto, but that 
the price for cutting it into small pieces is very much lower in 
the former than the latter place: thus the prices for cutting only, 
at Morano, are, for coloured smalti, 6*. 8d. ; and for gold, no less 
tliaa 15*. Gd. per English foot; while at Palermo, for 4*. Id. per 
fiMt the manufacturers will cut up into tessarie golden and co- 
losred smalti indiscriminately. Mr. Penrose's object in making 
these inquiries was to ascertain how &r it was practiaible to en- 
list foreign assistance iu carrying out some of his proposed deco- 
rations in St. Paul's in mosaic, of a more pictorial nature than 
we had at the date of his last visit to Italy succeeded iu 
producing. 

The notes he made become now, happily, of less importance 
than they then were; owing to the fact that with the exception 
of the gold ground mosaic, which our manufacturers have not 
yet, BO&r as lam at present informed, been very succeasfal with, 
all the foreign pastes may be with advantage replaced by home 
produce, and the work done by English workmen. The actual 
purchases made by Mr. Penroee for the purpose of experimenting 
upon were as follows: — 1200 cakes of gilt smalto, sufficient when 
cut up and wrought to cover about SO feet English, 63/. ; 332 
lbs. avoirdupois of coloured smalto, sufficient to do about 128 
&et,3fi/. 

In the recent Italian Exhibition the Florentine and "Venetian 
moa^ workers alone were well represented. Salviati, the mauu- 
fiicturer, and Vincenzo Redi, the mosaicist, both of Venice, 
combined in contributing a fine figure of St Nicholas, taken from 
Sta. Sofia, at Constantinople; and an equally good one of our 
Saviour, copied from an original in St Mark's. Both of these 
left nothing to be desired in the way of material or workmanship. 
Antonio Uazetta, also of Venice, exhibited a very good head. I 
ow nothing, however, at Florence iu these works which, with 
the exception, perhaps, of the good ijuality of the gold ground 
smalU), we could not I believe now rival in this country. It re- 
mains for us to see by what stops this newly-aoquired faculty has 
beeo obtained. 

The revival of mosaic in this country as an architectural adjunct 
tnay be considered to have begun in 1839-40 ; about wFiich time 
Mr. Blashfield endeavoured to produce decorative pavements 
bj means of inlaid asphaltc, coloured cement, and Venetian pise 
works, assisted by the clever inventions of Mr. Singer, of Vaux- 
ball, by his ingenious assistant Mr. Pether, and also by Mr. 
Prossor's mode of producing a tile of great density and closeness 
of texture, by subjecting powdered China clay to sti-ong mecha- 
sioftl preMore iu iron moulds, and in this way obviating the 



shrinking caused by evaporation, which is unavoidable when the 
clay is used in a moist state. Mr. Prosser's invention was first 
applied to the manufacture of buttons, in which for some time a 
laige trade was carried on. Kecently the Messrs. Maw have in- 
vented a process by which they obtain tessera with the close 
texture and consequent hard surface, only to be attained by 
aqueous shrinkage, and hitherto only approached by subjecting 
the materials to extraordinary pressure. 

Mr, Miuton, I believe, at the suggestion of Mr.' Blashfield, 
turnetl his attention to the application of Mr. Prosser's patents 
to the production of tesserse suitable for the formation of pave- 
ments similar to those of the ancients. Many beautiful geo- 
metrical combinations for this purpose were suggested by Mr. 
Owen Jones; and the result of Mr. Minton's spirited efforts was 
the speedy introduction to the market of excellent tessetaa in all 
colours. 

In 1844, when I went abroad to study my profession, Mr. 
Blashfield gave me a commission to obtain for him anything 
which I considered likely to render these tessene (the manu- 
factui'e of which Mr. Minbon bad then just entered on) of 
more general utility. In Italy and Sicily I found much material, 
of which I believed little notice had at that time been taken; and 
this induced me to make a series of drawings, which I afterwards 
published in the 'Geometrical Mosaics of the Middle Ages.' 
These drawings were shown to Mr. Minton by Mr. Blashfield; 
and, on my return to England in 1847, Mr. Minton applied to 
me to assist him in his views with respect to encaustic tiles, and 
their combination with tessetated work in general. For some 
time I rendered him what aid I could; and, but for other and 
more pressing professional engagements, I should probably have 
continued to do so. On Mr. Minton's retirement from active 
business, Messrs. Maw and Co., determining to add the execution 
of mosaic to their encaustic tile manufacture, sought my co- 
operation, which has been given, at suck intervals as have suited 
oar mutual convenience, up to the present time. Feeling their 
strength quite equal to the production of pictorial as well as geo- 
metrical mosaic, Messrs. Maw requested me, on the announcement 
of the intended Exhibition of 1862, to design a pavement of that 
character for them. Some of the working drawings for that 
commission I now exhibit; and do not doubt that, on seeing the 
work done from them in the Exhibition, you will admit that 
Messrs. Maw and Co. have fully proved their capability to rival 
any antique mosaic yet exhumed in this country. To have 
attempted succesBfully such an experiment, involving the pro- 
duction of an indefinite number of tesserae of about one hunared 
different lints — many never previously got up in Eugland^-and 
the apjilication of skilled labour as it h^ never before, I believe, 
been employed in this country since the last Boman quitted it, — 
is, I do not hesitate to say, highly honourable to them as manu- 
facturers; and it is a source of gratification to me to have been 
associated with them in this the first practical endeavour to 
revive the pictorial mosaic amongst us. That we shall soon have 
many rivals is not to be doubted; since already, through the 
energetic and most laudable prompting of Mr. Cole, a scheme 
has been set on foot to which no one amongst us can, I think, 
fail to give hearty sympathy and support. Some prospectuses, 
one or two of which 1 have laid upon the table, give the detail of 
a scheme, which, if carried out successfully — as I have every 
reason to think and believe it may — will give a rare impetus 
to the development of pictorial mosaic. Those details I do not 
dwell on; for the double reason that time will not now permit of 
my doing so, and that they will, I believe, form the subject of a 
paper hereafter at the Society of Arts. I may, however, point 
to two most hopeful features of progress certainly made : — Ist, 
that already the practical co-operation of many of the most 
celebrated artists in this country has been secured; and 2ud. 
both Messi-s. Minton and Messrs Simpson (Messrs. Maw and 
Go's London agents) have proved, that if artists will only make 
good designs, they possess all the requisite power to realise their 
designs successfully. To prove this, I need only point to a spe- 
cimen produced by Messrs. Simpson, which has been kindly lent 
me by Mr. Cole. 

Such being the actual conditions of the manufacture at the 
present moment, I think it will be admitted that it is really 
incumbent un the studious architect to endeavour to grasp the 
theory of the right application of pictorial mosaic; and it is ia 
the endeavour to either aid him by my advice, or to aid 
myself by eliciting a rectification of my views, that I put before 
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yoQ, as the second and condading part of this paper, a few oon- 
▼ictioDs on the sabject, with reapeot to which I see my way at 
present pretty dearly. 

The combined action of the moisture and severe frost of our 
dimate is such as most always, I fear, render but little durable 
any extensive application of mosaic in small tesserae as external 
decoratiuDB; to a great extent, therefore, arcliitects will have to 
look upon it as an internal embellishment. It is, of coni-se, a 
coloured incrustation, applicable to any structural surfaces which 
it may be desirable to enrich; and its appropriate desigu must 
be strictly determined by very nearly the same laws which should 
govern the distribution of polychromatic decoration, executed 
through any other medium upon similar surfaces. The rationale 
of these laws haa been by no one better illustrated than by Sir 
Charles Eastlake, in his invaluable reports to the Fine Art Com- 
mission; and it is better that I shotdd refer you to what he has 
BO well written in those documents, than attempt to give you 
now any paraphrase of my own. The chief exceptional condi- 
tions are, firstly, its exi^nse, which entails simplicity; secondly, 
the extremely vivid way in wliicb it reflects light, and exhibits 
local colour portinliy, demanding judgment to adapt the design 
to the mode of lightiog; and, thirdly, its limitations, under 
ordinary circumstances, as a means of artistic expression, which 
lead to the prudent avoidance of many of those pictorial elements, 
such as perspective, foreshortening, lively action, or complicated 
ohiaroscnro, which aj^e proper and agreeable sources of effect in 
mural paintings executed with more tractable vehicles. That 
which the designer will probably at first feel to be his greatest 
difficulty, the arrangement of the cement joints which attach the 
tesaerse to one another, will, when once he has mastered the prin- 
ciples upon which they should be disposed, prove a ix-ady and 
most essential meana uf heightening bis effects. The jointing is, 
to a mosaic designer, exactly what the lines and reticulations of 
an engraving or etching are to an engraver; and the rules of 
taste which apply to the one apply equally to the other. For 
instance, as the engraver's lines by convexity or concavity express 
the undulations ot drapery, and the modelling of surfaces advan- 
cing to or retrejiting from the spectator's eye, so precisely should 
the directions of the jointing of a piece of pictorial mosaic. Again, 
as the regular ruling or crons-latching of an engi-aved half-tint is 
made to give value to the broken lights and shades of the leading 
figures, to which by their vivid contrasts attention has to be 
attracted; so precisely should the uniformity of the jointing with 
even-sized tesserto diminish the brilliancy of a mo.'jaic back- 
ground; breaking up the light which would otherwise be so 
strongly reflected from, say a white or golden background, as 
to quite kill the effect of the iigures or ornaments to Be relieved 
upon it. 

Another point which shonld be carefully attended to in 
arranging the jointing, is to allow a row of tessens of the same 
colour as the ground to always follow every leading contour pro- 
filed upon the backgroun<l. The use of this rule, which was 
invariably followed by all good mosaicists, is to prevent the 
directions of the generally horizontal and vet-tical jointing lines 
of the background from cutting awkwardly against the profiles, 
which the eye should be allowed to follow without being led off 
into other channels, or distracted by the occurrence of irregularly 
shaped teasene next to leading forms. This reduplication, as it 
were, of mosaic outline has almost the effect of the lead line in 
stained glas.<;, and is not much less essential to good effect. It is 
highly gratifying to observe the degree of judgment with which 
the uioajvicist has emphasized the deaigner'a intention, by a 

{'udiciouB treatment of the jointing in Messrs. Simpson's Rpecimen 
lead now exhibited. It is always to be remembered that, at the 
distance from the eye at which mosaics are usually likely to be 

Elace<l, mechanical defects disappear, but that artistic mistakes 
tlray themselves, despite the most {perfect mechanical execution. 
Heuoe it is far better to spend time, thought, and money, in 
getting really first-rate cartoons, than in endeavouring to bring 
the tessene to fine joints or microscopic minuteness. In mounting 
to the summit of the great dome of St Peter's, glimpses are 
caught from time to time of the nature of the mosaic work; and 
the observer who from below may have faucie<l the whole to 
have been wrought with great exactness, will find that the work 
is of the coarsest deacriptiou, with joints in which often a good- 
sized pencil might be laid. From its judicious design, how- 
ever, the effect of the whole is eminently satisfactory, when 
viewed from the floor of the cathedral. 




PWtiiMA 




It may be well to remember also that although mosaic is, as it 
were, painting, it is something more in its relation to the struc- 
ture it decorates; it has become " bone of its bone," and in 
virtue of its intimate and permanent union ia espedally bound to 
live in peace and harmony. Aa a good wife should mtdce con- 
spicuous the virtues of the husband she adorns, should hide his 
faults, and screen his defects; so shonld a well-devised system of 
mosaic give, by predominant vertical lines, height to a structure 
in which height is wanting, and, by predominant horizontal lines, 
length where length is needed. Brilliancy may be wrought out of 
darkness by allowing gold grounds and luminous colours to pre- 
vail; while the eye in another building, " faint with excess of light," 
may be refreshed by a preponderance of cool and quiet tonesL 
String-couraes and borders, arcbivolt and impost bauds and fri< 
should be treated aa permanent frames to permanent pict 
essential, by their rectangularity or other simple geometrical 
racter, to afford the eye a ready means of testing all adjoini 
and more complex forms by contrast. Need I say that wh 
the skeleton of the picture's composition is tossed about in lively 
action, a stronger boundary of more vivid and contrasted hues 
must endoae it as a corrective, than when the motive power of 
the picture is of a quieter and simpler structure ) That is the 
reason why the great Venetian pictures demand such massive 
framing; while the more serene compositions of the early Floren- 
tine and Siennoso schools look best when separated one from 
another by little else than noiTow bands of flat and softly-tinted 
oi'uament. In the same way, in mosaic, tlie rigid saints of the 
early Bysaintine school, with their evenly-balanced limbs and 
peqwndicular draperies, need little else than vertical palm-treea 
or inscriptions, or even upright staves placed between them, to 
keep them architectonic; while the later corresponding figures 
of the Italian school, with their swaying lines, require often. 
actual insertion into niches to keep them even reasonably 
quiet. 

Such are a few of the most important theoretical points which 
have occurred to me; but had time permitted I would willingly 
have euteretl this evening upon— what I have indeetl partly pre- 
pared — an analytical sketch of the different artistic conventions 
which foiin gnulnated stages between the crudest mode of, as it 
were, symbolising nature, and the most highly perfected form of 
imitative art.. While an intimate acquaintance with the sf>ecifie 
conditions of each of these stages — which are to the deaigoar 
what keys are to the musical composer — will be a great assist- 
anoe to the mosaiciat; an ignorance of or an indifference to them 
will lead him into great trouble and confusion. 

In bringing this paper to a close, 1 may be permitted to say a 
few words with respect to specific style, as affecting pictorial 
mosaic. We have seen that, as a decorative art applicable to 
monumental structures, it has survived every fluctuation 
vicissitude which have affected .architecture from the Christii 
epoch to our own lime : as certainly will it outlive the little 
differences which split us into Goths and Greeks — " big and little 
endians" of the professional golden eggs. We are now probably 
on the eve of introducing a new element into our national art; 
and hai)]>ily one which may, with precedent, and therefore with 
a good conscience by those who lean heavily on precedent, be 
used alike in buildings of whatever historic style we may any 
us peculiarly affect. I^et me then express a hope that it may r 
be considered nccGssary to retain the defects and mannerist 
either of too much or too little academic knowledge, [peculiar 
ancient, roediteval, or modern times; but that we may rat 
concur in doing the very best we any of us can with this art, 
without pethintry or a sla'vnsh deference to the past. The whole 
history of mouumentid and industrial art has shown us, that 
never is perfecliou attained in any pniJuct in which the material 
conditions, and the processes by which those conditions may be 
beat euhanceil and developed, have nut formed the basis of the 
theory of construction, manuGtotura, or application of any such 
proiluct. This has held good of glass, stnne, wood, marble, and o£ 
all the metals; and assured am I that, if we are to make this 
of pictorial mosaic a credit to the nineteenth century, a similar!^ 
"objective" apii'it must also direct and determine the speci 
mode in which, under every varying condition of style and liis- 
torical association of ideas, we would endeavour to rival the 
great masters of old in their use of this time-honoured embellish- 
ment. 
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THE ECONOMIC ANGLES IN PARALLEL OPENWORK 
GIRDERS. 

(Continwd from page 08.*) 
Wk have hitherto spokeD of each pair of braoefl as baving to 
oooTey a certain vertioil componentr^^V, towards one only of the 
pien, say to pier Q, bo that the first individual of the pair is 
always a strut or tie, while the other is always a tie or a strut. 
Bat tb«re are some cases in wliich a paii* of braces may be 
reqaired to transmit a vertical component at one time in the 
direction of pier Q, and at another (from changes in the distri- 
batiou of the loading) in the opposite direotion, or towards pier 
P. This ocean in the central ^>airs of lon^ girders when a Large 
porttoQ of the loading is moveable, and stiif more strikingly in 
the case of the lougitudioal stitl'eniug girders applied to suspea- 
noa bridges, the duty of which is to distribute as uniformly as 
tuj be over the span the effect of a conoentrated or irregular 

JWhen the amount of action of the pair, or the value of V, is 
great when directed towards one pier as when towards the 
er, the economic angles will evidently be each equal to 45°, 
whatever the ratio of a, to a^ And many of the ]mirs in the 
stiffeiuiig girders of a Buspension bridge wiH approximate mure 
or l««s nearly to this condition. On the other Laud when the 

a. 
■eeonSary value of V is less than — times tbo first value (sup- 






and — 



times 



posuig ties to be the most economical braces, 

when struts are the most economical) theu the secondary action 
may be neglected, since the angles ^. and d^ being calculated with 
re&rence to the greater value of V, there will nevertheless be 
sofiBcient material in the fMirts to cai ry the leas value of V in the 
opposite direction; care must however be taken to give a suitable 
form of section to that brace which ia in the first instance a tie, 
to fit it for acting as a strut under the less value of Y. 
The Application to Actual Structuru, 

The general conclusion arrived at in a previous paper, that, 
when one uniform value of a is adopted for both booms the sum^ 
of all the numbers representing the weights of every bay of both 
booms, is unaltered by changes in the inclinations of the braces 
— so long as the distribution of the loading remains the same — is 
poetically applicable, with an approximation to accuracy, to 
very few structures. The most imporlanl are the lougitudioal 
itifiening girders of suspension bridges, whose booms act alter- 
natelv as struts and tie& There are some otlier structures that 
Wt9 be mentioned, the loadings or presaureu on which may at 
diroceut times act in opposite directions, but to which the in- 
stigation is scarcely applicable; such are the piers of viaducts, 
Uie loQgituilinal steugthening girders in some ships, horizontal 
ginJers to resist the wind, &c. 

When a for the upper boom is taken greater or less than a for 
the lower one, the above conclusion would no longer hold good. 
And we might therefore very properly go on to iuveatigate the 
eooa6mic angles for various girders having one uniform value of 
a for the top boom, and another uniform value of a for the bottom 
boom, this would lead us somewhat nearer to the truth, particu- 
larly in the case of structures having long spans in proportion to 
ifaeir depths; we will not however, at least at present, enter upon 
thia part of the subject, but proceed at once to the practical con- 
lideration of the general and much more interesting questions 
eonnected with the construction of complete girders iu an 
seonomicol manner. 



THE ECONOMIC CONSTRUCTION OF GIRDERS. 

As the above title is n very comprehensive one (and indeed 
includes the subject we have just left) it is necessary to state 
that we do not intend at present to treat on the general subject 
of the economic construction of girders, but only employ the 
heading as an appropriate one under which to classify what fol- 
lows in this, and also, it may be, in some futuru papers. 

We pnr[)oee discussing certain ^rders in a thoroughly prac- 
tical manner, taking no uniform value of the factor a for a boom, 
or for the struts of the bracing, or other parts, but adopting such 
a value of it for each particular bay of the booms, and for each 

SLFtieular brace, as shall be derived from executed stmcturee, or 
dated by constructive as well as theoretical considerations. It 

* Tbn oqointleut of < u Bir«a io oqiuUou (S) dNM thooM b6 matUpUrd bjr «. 



roust be apparent that such a treatment of the subject removes 
it at once trom the grasp of the higher forms of mathematical 
au.olysis; and our course of procedure will Uierefore be to 
tabulate the results of the separate calculations, based upon 
actual working data, of all those forms or varieties of any given 
structure which have any chance of being adopted; so that their 
respective merits and peculiarities may become obvious at a 
glance. Of course such a mode of investigation is both tedious 
and cumbrous, but it will be appreciated by a much wider circle 
of readers, and have a more direct bearing upon practical con- 
struction than any other mode; and we think it right to give 
the calculations in considerable detail, since the values of the 
factor a are taken somewhat arbitrarily, and as the forms of gir- 
der that will be made the subjects of diacusaion are such as will 
probably be employed in bridge ooustructiou to a very great 
extent indeed. 

So long as the qiiesiion of the economic angles is confined to 
cases ia which the depth is less than or only one-sixteenth of the 
span (like the Newark Dyke Bridge, and many others which foU 

Fro. 1. 




low in this respect the proportions of the Britannia Tube) as 
well as to suspension bridge stiffening girders, it is of very cou- 
sidenible iin|>ortance; ana the economic angles for the whole 
structure will approximate pretty nearly to the values given in 
Tables L or II., on page 98. But when wo accept the option 
which openwork construction offers ns, of making the propor- 
tional depth twice as great as that of the Britannia Tube, with 
the highly economic advantage of a diminution of the stresses 
in the ton and bottom of the girder by more than one half, we 
shall find that the effect of variations iu the v-ilue of 6 is very 
much complicated with and overborne by the influence of other 
elements that enter into the question. 

This point of depth of structm'e iu proportion to span, is that 
on which must chiefly rest the comparison of plate with open- 
work girders; yet in a discussion, which extended over two 

Fio. 1 
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evenings, at the Institution of Civil Engineers, London, on the 
relative merits of these different modes of construction, it was 
altogether overlooked. In the letter already referred to (Vol. 
xviii. p. 236) the writer had the honour of being the first to draw 
attention to the matter, and further of advising the adoption for 
openwork ginlera of a depUi equal to at least one-eighth of the 
span ; and to this proportion he has very uniformly adhered in 
his pnictjce as a consulting engineer, with the most gratifying 
economical results. Fig. 1 shows the girder of a via3uct con- 
structed according to his drawings and calculations, two girdem 
being employed to support two lines of railway; these girders 
have a depth equal to one-eighth of the span; and two series of 
braces, all placed at an angle of 45", so that the span is <livided 
into eight ei[ual bays or sub-spans. We purpose now giving the 

Via. 8. 
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calculations of the quantities of material required for the con- 
struction of all the marked varieties of such a girder, under 
various conditions of loading and attachment to the piers, so 
that by tabling the results, their respective costs can at once be 
ascertained, and hence the most economical form for the purpose 
in view made choice of. 

The varieties of the pattern of the girder itself which we shall 
consider are ybur, viz. : — 1st. The regular form shown by Fig. 1, 
in which all the braces are inclined at 46°. 2ud. A modinca- 
tioa of Fig. 1, in which all the braces, the inclinations of which 
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can be altered witbont affecting the distribotioD of the loading, 
will be placed at the economic angles calculated by formula 2, 
p. 97, for the case of the bntcing alone being considered. 3rd, The 
form shown by ¥\g. % in which all the struts are pla<^ perpen- 
diciilarly, and the ties at 45°, the number of eenes being reduced 
to one; and -Ith. The analogous form shown by Fig. 3, in which 
all the tiea of the bracing aire veilical, and the struts at 45°. The 
loading will be considered aa applied ia tteo different ways, Ist, 

concentrated at the level of the upper boom; and 2nd, as 
whoUy at the level of the lower hoonu The modes of attaching 
the girder to the piers will bo three; riz. : — Ist. By the extre- 
mities of both booms, so that no end pillar is required. 2nd, by 
BDspenaion, the attachment being at the extremities of the upper 
boom, aud therefore the end pieoe acting as a tie; and 3rd. by direct 

pport at the extremities of the lower boom, the end pillar being 
iheu a strut. There will tlierefore be results for twenty-four 
differtiDt arrangements or combinations, in all of which the span 
8, the depth D, the bays of the roadway, and the amount of 
the loadings, are the same; the only changes being in the values 
I of 0. The loadings we will suppose to consist of a moveable 
ing equal to one ton per foot run of the girder, and a fixed 
loading or dead weight, equal to half a ton per foot run. Were 
other values of the dead weight assumed, the number of combina- 
tions would be BO many-fold increased, but the estimate we have 
aiiopted is pretty well suited for ordinary railway bridges of 
certain spans. 

The values of a employed in the calculations are as iar as found 
guitablo lirawn from the completed viaduct already referred to, 
the whole being of wrought-iron. The values of a are taken so 
great as to make a liberal allowance for ioiut-plates, for excess of 
material rendered advisable or unavoidable; for excess of length 

parts above the calculated length between the points of inter- 
section of the central liuea; for rivets in the case of struts, re- 
51 uired to build them up; and for loss of strength in the case of ti^ 
rom rivet holes, supposing these to be judiciously placed; these 
eztms have been taken so liberally, that in some structures aa 
mooh as 10 to IS per cent might be safely abstracted from the 
values of a. No general rule can be given for the value to be 
•aaigned to the &ctor a for struts : regard most be chiefly had to 
the unsupported length compared with the amount of stress to 
he conveyed, as this in a great measure determines the proportions 
of length to least width. Again, in girders, the form of section 
of the bracing struts will very properly be chosen with respect to 
the first or strongest, marked A in the figures; and as all the 
■truts must, for constructive reaaona, be of somewhat the same 
pattern, the shape determined upon will necessarily be very ill- 
suited for the central struts, and consequently the values of a for 
these should on this account as well as from their dimiuiahed 
^tresses in proportion to their lengths, be greatly increased. 

The depth D will be assumed as the unit of length, and one- 
twenty-fourth of the whole load on the girder will be taken aa 
the unit of weight or stress; one-half only of the length of each 
girder will be calculated, and the weight of each part made 
= stress X length X a =V sec^'tf o. 

The details of the calculations for the case of the girders being 
of wrooght-iron are so fully given, that little trouble will attend 
the calculation of results for other materials or circumstances, 
since the requisite substitution of the appropriate values of a are 
rendered by such detail as clear as possible. 

CalculatioTU of the Weight of Iron in the Bracings and End Pillart. 
1. In Table I. are given the elements and results of the cal- 
culations for the first or regular form, Fig. 1, when the roadway 
is sitnated at the level of the upper boom. 



Brace. 
A 
B 
C 
D 
£ 
V 
G 
H 



Table I. 
o. V. 

0-00060 

0'00<X7 4-6 

0-00077 »-«5 

ooooeo 2 



S«c»«. 
2 
S 
2 
2 



Weight. 
0-00720 
0-00603 
0-00501 
0-OOS$0 



O0012O 1 2 0-00240 

0-00045 2 2 000180 

000045 8-25 2 0'0(>2»2 

000045 4-6 2 0-00406 



' •^atie 
strot 

1^ 



000045 < 1 

O'OOOW « 1 



0-08S01 

0-00270 
0-00360 



Table II. is for the girder as above, bat with the roadway at 
the level of the lower ^m. "" 



Tablb II. 



Brace. 
A 
B 
C 
D 
E 
F 
G 
H 



I OS a tie 

I as a strut 



0-00065 
0-00076 
0-00090 
0-00120 
0-00045 
0-00045 
0-00046 
0-00046 



4-50, 
8-25. 
2-00, 
1-00. 
2-00. 
3-26. 
4-50. 
6-00 



Sec»9. 
2 . 
2 
2 



0-00045 6-00 1 

000060 6-00 1 




0-030»<$ 

0-00270 
00360 



In the first of the above tables, the values of a are taken in 
excess of, but as nearly as possible in proportion to those for the 
actual viaduct. It will be observed that strut A in the second 
table has the same value of V as strut B in the first ; but a better 
form, of section may bo chosen for the former, a, for it is therefore 
taken somewhat leas than for B : the other values of a are assigned 
from similar considerations. 

2. The olemenU and results of the calculations for the second 
form, or that with the economic angles as already explained, are 
given in Tables III. and lY. ; the first being for the case of the 
loading being at the level of the upper boom, the second for the 
loading concentrated at the lower leveL 



Brace. 
A 
B 
C 
D 
E 
F 
G 
H 



0-00060 
O0OO67 
0-00077 
0-00090 
0-00120 
0-00045 
0-00045 
000045 



TXBLB III. 

0. 

.. 45° 
.. 38<'47 
.. 36<'25 
.. 88''41 
.. 45° 
.. 58° 8 
.. 61''37 
.. 60" 7 



V. 

6-00 
4-60 
8-25 

£-00 
100 
2-00 
8-25 
4-60 



8eo*e. 
2-0000 
1-6457 
1-5442 
1-4442 
20000 
2-7782 
2-5987 
2-4321 



mSK 



w« 

0-1 

0-0040ff 

0-00386 

000200 

000240 

000260 

0-00879 

0-00498 













0-03224 


I as a tie 


... 0-00045 


.. ... 


6-00 


. 1-0000 . 


. 000270 


I as a strut 


... 000060 


.. ... 
Tabls I"V 


600 . 


. 1-0000 , 


. 000880 


Brace. 


a. 


0. 


V. 


Sec»fl. 


Weigl^ 


A 


.. 0-00065 . 


.. 39n7 ... 


4-50 . 


. 1-6691 . 


. 0-0048] 


B 


... 000076 . 


.. se-sa ... 


3-25 . 


. 1-5536 . 


. 0-008M 


C 


... 0-OOOflO , 


.. 88*41 ... 


2-00 . 


. 1-4442 . 


. O-OOSfli 


D 


... 0-00120 . 


.. 45° ... 


1-00 . 


. 20000 . 


. 0-0O24a 


E 


... 000045 . 


.. 63° 8 ... 


200 . 


. 2-7782 . 


. 0-00250 


F 


... 0-00045 . 


.. 61*29 ... 


3-25 . 


. 2-5786 . 


. 000877 


G 


... 0-00046 . 


.. 4»°4e ... 


4-50 , 


. 2-8970 . 


. 00485 


H 


... 0'00{I45 


.. 46' ... 


6-00 . 


. 2-0000 . 


.. 0-0O540 




0-03024 



I as a tie 
I oa a strut 



0-00045 
0-00060 



600 
600 



1-0000 
1-0000 



O0O270 
0-00360 



3. Tables Y. and VI. are for the third form of the girder, or 
that in which the struts of the bracing are vertical, and the ties 
at an incMnation of 45° (Fig. 2). The fiirst of these tables ia for the 
case of the load being at the upper, the second for the load being 
at the lower leveL 



Brace. 
A 
B 
C 
iof D 
£ 
F 
G 



Tablb V. 
a. V. 

0-00060 10-60 



0-00067 
000077 
0-00090 
0-00045 
0-00045 



7-75 
6-25 
1-60 
300 
6-25 



Sec*«. 

. 1 

. 1 

. 1 

. 1 

. S 

.. 2 



0-00045 7-76 2 




H 000046 10-60 2 0'00»4« 



I u a tie » 0-00 1 

I ae a strut 0-00060 12-00 1 



0-04073 

0-00075 
0-00720 
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Tablk VI. 



a, 

00OOC5 
000076 
O-OOOtfO 

OD 

000045 
000045 



V, 
7-75 

525 
800 
0-00 

3-00 
525 



1 ... 

1 ... 

1 ... 

1 ... 



Weight. 

0-006O4 
0-00899 
000270 
0-0007S 



000045 7-75 2 

000045 10-50 2 



2 000270 

2 000472 

.. 0-00698 

.. 0-00945 



0^00060 1-50 1 

O-OOOeO 10'6O • 1 



0-03633 

0-0OO3O 
0-00600 



4. Tlie calculations of tlie weights of the various parts of the 
foorth form, Fig, 3, having vertical bracing ties, the stmts being 
iaelined at angles of 45° therewith, are giveu, for the two cases ot 
the loftd being concentrated at the top and the bottom booms, in 
Tkble* VIL and VIIL respectively. 



Bno«. 
A 
B 
C 
D 
ioTE 
F 
G 
H 



lasatie 

I as a strut 



Brace. 
A 
B 
C 
D 
AofE 
F 
G 
H 



1 aa a tie 
I as a stmt 



Tablh VII. 
a. V. Sec'9. 

•00060 10-60 2 . 

•0O067 776 2 - 



'00077 
'00090 

•00045 
■00046 
■00O45 



6-25 
3-00 
000 
3-00 
5-25 
7-75 



•00045 10-60 1 

•00120 1-60 1 



Tablk VI n. 
a. V. 

OOOflO 1050 

mnni 7-76 



Sec»«. 



00077 

no 1)90 

00045 
00045 
00045 



5-25 
300 
1-60 
5-25 

7-75 



00046 10-50 1 



-00045 12-00 1 

c» -00 1 

Tabli IX. 
Results for th« Webs complete. 



Ist Case. LoMd at Tup. 
1st Form of Girder 

1 ditto 

3 ditto 

4 ditto 

2iul Case: Loud at Bottom. 
Ist Form of Girdor. 

2 ditto 
8 ditto 
4 ditto 



without I. With I M 

• Ua. 

•0S301 -OM?! 

■03224 •03404 

•04078 -04148 

•04397 -04870 

•03096 -03366 

-030-24 -03294 

•03633 -03723 

•04764 -05304 



Weight. 

-oi2t;o 

•01038 
-00809 
•00640 
■00030 
-00135 
•00236 
•00349 

-04397 

-00473 
•00180 



Weight. 
•01280 
■01O30 
•008U9 
•00640 
•00068 
•00236 
•00349 
•00472 

•04764 

•00540 
■00200 



Withlss 
■ ftnt. 
•03661 
•03584 
04793 
•04577 

•03456 
■0S3S4 
•04263 
•04964 



CalculationM of the Weight of Iron in the Boomt. 

Tlie leiij^ths of the bays, except in the second form, are all 
equal to nuity. In Figs. 2 and 3 it may be observed that in certain 
QSMS the first bay of one of the booms may be omitted along with 
the end pillrkr: two atlditional combiQatioos thus produced will 
be Doted in the table of final results. 

It is imyiosmble to make the estimates of the booms with 
ninate accuracy, as for this purpose the nature of every detail of 
constrnction would have to be speci^ed. All we can attempt is 
to give values to the factor a just so great as to cover liberally all 
Ctxtraa to which juiliciously-designed girders may be liable. Tnus, 
for instance, the boom at the level of which the roadway is 
situated, will generally demand an excess of material to counter- 
balanoe any cross strains brought upon it, or aiigmentatious of 
its loogitadiual streases from the action of the principal horizontal 
bracing : but no special change in the values of a for the boom on 
acoouDt of this will be made Id the calculatioua ; it will be under- 



stood that to meet it a small portion of the values of a may be 
abstracted from the one boom and transferred to the other, the 
latter being the one at the level of the roadway. 

Tadlb X. 
Ist Form of Girder. Estimate of the Weight of the Boom* when the 
load is all at the upper leveL 



Upper Boom. 
Ist Bay 
2 
3 
4 



Lower Boom. 
UtBay 
2 
3 
i 



•00180 
•00070 
■00060 
•00065 



•00067 
-00045 
•00046 
-00046 



Stress. 

4-6 

13-5 

196 

22-5 



6-0 
15-0 
210 
240 



Upper Boom, 

latBay 

2 

3 

4 



Lower Boom, 
let Bay 
2 
3 
4 



Tablb XI. 
lit Form, with the load at the lower level 



•00140 
•00070 
•OOOflO 
•00065 



■00080 
•00045 
■00045 
-00045 



Stress. 
60 
16-0 
210 
24-0 



4-S 
IS'6 
lB-5 
3S-S 



Weight. 
-00810 
•00945 
•01170 
-01238 

-04163 

•00402 
-00675 
•00945 
•01080 

•08102 



W«ght. 

•00840 
•01050 
•01260 
-013-20 

•04470 

•00^1)0 

•00877 
■01018 

-02857 



Tablm XII. 
2iid Form of Girder, with the load at the upper level 



Upper Boom. 
1st Bay 



Lower Boom. 
Ist Bay. 
2 
3 
4 



a. 

•00170 
•00070 
-00060 
•00065 



•00067 
•00045 
■00045 
•00046 



Stress. 
6-3838 
16-1707 
20-7869 
23-0000 



60 
150 
210 
24-0 



Length. 
1 
1 
I 
1 



11964 

10659 
10710 
0-9«a7 



Weight. 
•00915 
-01062 
•01247 
-01875 

'04699 

•00481 
-00720 
-01012 
■00720 



Upper Boom. 
1st Bay 
2 
3 
4 



Lower Boom. 
1st Bay. 
2 
S 
4 



Tabu XIII. 
2nd Form, with the load at the lower level. 



•02933 



■00140 
•00070 
•00060 
-00055 



-00095 
•00046 
•00046 
•00045 



Stress. 

6 
15 
21 
240 



8-6819 
11-9133 

182314 
220000 



Length. 

-8182 . 

•9266 . 

■9280 . 
1-8883 . 



Weight. 
-00687 
-00972 
•01168 
•01760 

-04582 

-00350 
•00536 
-00820 
■00990 

-0269« 

Uad the above two tables been 'calculated with one tiniform 
value of a for both booms, the total results would have been the 
same m for the regular form similarly calculated. 

Tabu XIV. 
3rd Form. The estimates of the Booms for the two cases of a load at 

the upper and at the lower levels, may b« made alike for this ginler. 
Upper Booin. a. Htress. Weight. 

lit Bay 00081 10-6 00850 

2 00065 .... 180 01170 

3 -00058 22-5 -01305 

4 00006 240 01320 



om 



Id 



itei 
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THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



WMfl.lMl 



a. 

00 

■00045 

•00046 
-0004C 



Qtl'MB. 

00 
106 

18-0 
225 



Wtjight. 
•00360 
•00473 
•00810 
•01012 



•02655 
Tablb XV. 
4 Form. Ertmuite of the Boonu for both caaee of the load bang at 
the upper and at the lower levels. 



Upper Boom. 




a. 


Stress. 


Weight. 


lit Bay 


• •-•- 


OB ...... 


00 


•00800 


i 




•00(380 


10-5 


•00840 


8 




•000«0 


180 


-01080 


4 




•00056 


22-6 


•01288 




-03968 












iBtBay 


»>•■>( 


•00045 


10-5 


'00473 


2 




•00045 


180 


•00810 


i 




•00045 


22-5 


•01012 


4 




'00046 


240 


'01080 


1 


•03875 






Tablk XVI. 








Summary of Etisidts for the Booms. 




latCHe: Load at 


Top. 


Top. 


Bottom. 


Total. 


Ist Form of Girder 


... -OilOS 


... -03102 


•07265 


2 ditto 




... •046»9 


,. -02933 . 


.. 07632 


S ditto 




... -04045 


.. -02656 


.. ^07300 


4 ditto 




... 03968 


.. -03376 . 


•07888 


ioA Cbm: Load at Bottom. 






lit Form of Girder 


... -04470 


.. 02867 . 


.. 07827 


3 ditto 




... -04682 


-02696 


.. -07271 


8 ditto 




... '04645 


•02665 . 


.. 07800 


4 ditto 




... -03068 


•03876 


•07333 



uties. 


piUanuitnitc 


■10836 


•10926 


•11026 


•11116 


•11448 


-12093 


-12203 


-11910 


■10603 


■10783 


10572 


•10662 


11023 


-11663 


12637 


■12297 



Tabus XVU. 

GzStStAL ScmUBT OW RSSVLTS rOE THX GIBDms OOMFLBTI 

(MinpoMd from Tables IX. and XVI., &c.) 

. ^ /^ T J . rn Wllb<ml end Vfith and pUlan With and 

lat Caae : Load at Top. pUUn. 

iBt Form, Fig. 1. ... -10666 

Snd „ ... •10766 

8rd „ Fig. 2. ... -11373 

4th „ Kg. 3. ... •11780 
ad Caae: Load at Bottom. 

iBt Form, Fig. 1. ... 10423 

2nd „ ... •lOSOa 

Std „ Fig. 2. ... -10933 

4th „ Fig. 3. ... ISO*? 

3rd Form, with load at top, and with end pillar and lat bay of bottom 

boom omitted = 0-11013. 
4th Fonn, with load at bottom, and with end pillar and Ist bay of top 
boom omitted = O-lD-297. 

This table of results offers muDy iaterestiag and instructive 
poiote worthy of attention, but we will only say a few words 
thereon. The most remarkable general conclusion ia, that the 
-weights vary in a much less degree than could have been ex- 
pected; this arises from the ratios of Table IX. being in a great 
mesaure overborne by the reverse action of those in Table XVI. 
Ws must not however be misled by this into undervaluing the 
importance of a consideration of the inclinations of the braces, 
for were the spans in proportion to the depths much increased, 
we should get other results. 

The most important arrangement is that wherein the end pillar 
acts as a strut; and for this, when the joad is at the lower level, 
the results are, as r^iards economy, in the order in wliich we 
would have expected; when however the load ia at tha upper 
level, which will generally form the cheapest arrangement for a 
bridge, it appears that fiie regular form, Fig. 1, ranks first in 
order of economy. With the end pillnrs as struts, both the 
heaviest and lightest constructions occur when the load ia at the 
lowest level, the heaviest or that for Fig. 4 being 15-33 per cent 
in excess of the Snd form; when the load is at the upper level 
the heaviest, No. 3, exceeds the lightest, No 1, by lO? per cent. 

It should be noted, however, that the absolutely ra oat econo- 
mical structure is not included in the table; but it is obvious 
that the results for it would differ very slightly indeed from the 
least of those for the two first forms, and from this and constrac- 
tivs rsaaona the first or regular form, Fig. 1, should always be 
pr«£arred. 



That modification of the fourth form, in which the end bays 
of the top boom and the end pillars are done away with, appears 
at first Bight to possess eoonomie merits, but it would demand a 
considerable adiution of material to be devoted to steadying the 
topboom in a lateral direction. 

We will now show the use of the tables in calculating the 
actual weights, in tons, of any girder, suited to bear a working 
load consisting of one ton moveable and half a ton fired per foot 
run of the span. 

The unit of length i8:=S-r-8feet, and the unit of weight or 
stress is=l^ S-^24 tons; and as the quantities in the tables are 
ealcol&ted for the halves of the lengths of the girders, we have 
for the whole weiirht — 

8 lis 
Weight of girder=tabuhur number ^ "g X "ll X2= 

Tabular oumber . (— J'or= Tabular number . D*. 

Let us take examples of the regular form Fig. 1, with end 
struts and the load at top. The tabular number for these will be 
=0' 10926, and we have 

Span for CakulatioQ, Weight of Girder complete. 

120 Feet 24-58 Tons. 

180 „ 28-85 „ 

140 „ 88-46 „ 

160 „ 38-41 „ 

160 „ 43-70 „ 

These weights will appear to many engineers to be very light 
for such spans (the girders being double onei, or eaoli soitdd to 
carry a whole line of railway); this lightness arises from the 
depth of structure. To show that there is really aa excess of 
strength, we may calculate the stress per inch of section iu 
the various parts. The weight of a prism of good rolled iron, 
one foot long and one inch in sectional area, weighs very nearly 
O'OOld tons, and as a iu the tables represents the weight of 
that fraction of such a bar required to convey one ton of stress, 
the number of tons of stress per sectional inch of the part will 
be=0-(X)16-;-o. Now applying this formula, we get the follow- 
ing stresses per sectional inch, on the supposition that all the 
material of any bay or brace is available as though spread over 
the calculated length. 



Upper Boom. 
Bay 1 


StreMinTons, 


Brace. 


Streai in Tons. 


... 0-833 Comp. 


A 


. ... 2-6 Comp. 


2 ... 


... 2143 „ 


B 


. ... 2-239 „ 


8 


... 2-600 „ 


C 


. ... 1-948 .. 


4 


... 2-727 „ 


D 


. ... 1-667 „ 


Lower Boom. 




E 


. ... 1-250 .. 


Bay 1 


... 2 239 Tensive. 


F 


. ... 3-333 TcJMBve. 


2 


.. 3-383 „ 


G 


... 8-333 „ 


3 


3-333 „ 


H 


8-388 „ 1 


4 


... 3 333 „ 




\ 



To arrive at the actually efficient sections, and the correspond- 
ing stresses per sectional inch of metal, certain peroeotaget! 
would have to be deducted from the values of a, given in 
Tables I and X. These deductions would be much less in the 
case of struts than for the ties, on accotmt of less weakening 
from rivets, and less material required for joint-plates. And it 
will hsDce be seen that the strength given to the struts is very 
considerably iu excess of that very txequently, but the writer 
thinks, with danger, allotted to them. 

The gross weight of the ties in proportion to the weight of 
the efficient portion depends so much upon the lengths of the ^m 
plates used, that no satisfactory rale can be given for estiiuatiia;i( H 
the extms; the two principal items are— 1st, the part of the ' 
section cut through or away by the rivet holes; and 2nd, the 
joint-plates. Now we may readily diminish one of these, but 
by increasing the other, so that, for plates of a given length, 
there is some degree of uniformity in the suui of thes« two 
additions of, in a certain sense, useless material. Aa au approxi* 
mation we may estimate the various portions of a thus ; — 



Solid metal in section of T^e 
Metal rendered useless by 

rivet holes 

Extra metal in Joint Plates, 

rivets, extra length, kc. 



100 

25 

20 
146 



69 

17-2 

18-S 
104)0 



In the case of the baprs of the lower boom, there will be nd ' 
extra length, bat long joint-plates; in that of die diagonal ties 



J 



llirl, l*Hl 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



151 



there may be oo joint-plate«, but the length mnj exceed that 
Qsedia the oalcalationa. Aocordiag to the above eatimate we 
•hould take oaly 69 per cent of a, iu calculating the true stresa 
per solid inch of soctiou : thus whet 0=000045, the stress so 
eoonted will be=00015-H0-69fl=4-83 U.ns. 

For a double girder with a span for calculation equal to 144 
fbtt, the weight is 354 tons, or in detail as follows : — 

Tona. Per Cent, of whole. Approx-IUtioa 

Top of Girder =; IZ'483 or 38-10 4 1 „ 

Bottom of ditto = 10050 „ 28-39 S\ 

WebandPiUaw = U-862 „ SSSl 35 1 

Here we find that when the depth of our openwork girder is 
made one-eighth of the span, the weight of the web complete is 
jost one-half of that of the booms taken together, or one-tnird of 
the whole. If the depth be made only half of this, or oue- 
■txteenth of the span, the weight of the booms may be roughly 
estimated at doable, or say = 4; whereas, as explaiued iu a 
former paper, the weight of the web would not be materially 
altered — that is, it w^l still remain nearly equal to 1, and the 
weight of the whole girder will be represented by 5. Now iu the 
best examples of plate girders constructed with a depth equal to 
one-sixteenth of the span, the booms may be set down at the 
•ame aa for an openwork girder of equal depth, — that i^t their 
weight will be represented by 4, while the web is generally one- 
thii^ of the whole, or^2. So that, were we limited to such a 
depth of structure for both descriptions of girder, the openwork 
one should poaseaa an advantage in point of economy of weight 
in the proportion of 6 : 6. When however tlie depth of the 
openwork girder is made one-eighth, and that of the plate one- 
uxteenth of the span, the ratios will be as 3 : 6; each part of 
the openwork girder, viz., top boom, bottom boom, and web, 
being then about half the weight of the corresponding pnrt in 
the plate girder. This is a very rough comparison to make on 
such an important point, and may therefore be allowably ob- 
jected to by the advocates of the plate form of web; it is, how- 
ever, offered by the way, and we shall probably treat on the 
subject more fully at some other time. 

Edinburgh. R. H. B, 



THE ARCHITECTURAL EXHIBITION 

{OoHtintud from page 96. ) 

Mr. £. B. Lamb, in his " Proposed Restoration of the Church 
at Mellie, Suffolk (37), does not employ flint-work in those che- 
quered patterns so common in that part of England. The tower, 
too, appears unduly heightened for its width, and we rem>ark upon 
this point under the impression that its upper part is to be 
entirely new, the present tower having long bueti a ruin. Mr. 
lAmb has a whole succession of pictures arranged together, to 
which we can scarcely do more than direct attention. Most of 
them are small, and sketchily done ; but one and all, whether 
based on Italian or Grothic principles, are treated in that free and 
wtiatic manner in which their ai-chitect so much excels, and 

I vhieh causes one almost to overlook the venturesome anomalies 
vhioh are occasionally introduced. Thus, "Hodnet Hall" (33), 
is a capital specimen of a plain half-timbered residence, with 
mmple overhanging gable-raftera and enves ; in (34) we have a 
pretty " Villa to be erected at Kingston-on-Thames," and a clever 
'* Study for Schools at Shobdon ; " (35) is a frame containing six 
■abjects, all happily conceived and expressed ; (38) contains a 
"Ix>dge," with stepped gables, effective in the extreme; also an 
"Interior of a Private Chapel, erected atCarnaalloch, N.B.," which 
is noticeable for its stone roof, and curious scheme of partite 
groining, by which the main ribs diverge, so aa tu come down 
OB each side of a window — an idea which Mr. Lamb haj^ re- 
produced in his wood ceiling to the "Interior of a proposed 
Church" (18), in the next frame. In (40), among other excellent 

, conceits, Mr. Lamb gives two characteristic drawings of " Ware- 
kouBos for the Consignment and Store Company ;'* (41), in his 
•* Sketch for a Public Library," essentially pure Classic in its 
treatment, and ably handled, there is a flat segmental dome 
over the centre, which conduces much to the completeness of the 
design. Mr. Rushforth, in his " House now building iu the West 
of England " (16, 17), has not ventui-ed beyond a careful and cor- 
rect reproduction of Mudisval forms and details, and this is 
hardly to be commended. 
Messrs. Willson and NichoU, in (59), exhibit some ezoelleot 



" Studies " of Gothic detail, as applied to subjects which, to be 
treated properly, require the nicest discrimination and taste, 
viz., the " High Altars " of Roman Catholic churches. The two i 
herewith given are models of their kind- Very little can be said 
in praise of Mr. North's "Competition design for the Oswestry 
Cemetery" (oC), which appears based on thoroughly mistaken 
notions of Gothic principles. Nor will Messrs. F. and H. Francis's 
attractive frame of photographs (57) hear a close scrutiny, 
for a similar reason. But if there be occiision to object to these, j 
what shall be said to the next picture (56), in which Mr. F. G.fi 
Lee seems to have endeavoured to heap a mass of absurditi«a 
without a single redeeming feature. It is called "Meophaia 
Court, Kent," and its crudeneas of forms is only eanalled by 
the poverty of its details. A plinth is considered an all out iiidis- 

Eensable, as well as useful, feature io Gothic architecture, hut Mr. 
ree apparently thinks otherwise. The entrance porch is of wood, 
but ot so odd a shape, and so pincheil aud feeble, that it looks) 
more like the skeleton of a summer-house thau anything else.) 
It is refreshing to turn to (fi3) in which Mr. Truefitl gives one 
of his characteriatic modera residences — that erected at Horusey 
Rise— showiug what may be done with economical materials when 
rightly handled. The only other contribution by this gentlenmu 
is (55) a slight but cleverly tinted sketch of a homely village 
church — Elakeraere, in Herefordshire. Mr. R. W. Edis's tw.j 
" Chimneypieces," in (64), display correct feeling, and are boldly , 
conceived. That for Mr. Wooluer's studio is of the plaineaii 
possible design, in red and black bricks, while that for the draw- j 
mg-room of the Poet Laureate is proportionably elegant, in stonsj 
and marble, with inscriptions along the sloping top. (65u, 656, 
€5e) we may mention in passing, as containing a selection of 
the " lUuatratioQS " whicn have been recently given in this 
Jonmal. Mr. G. Baxter's sketches from Arbroatu Abbey, and 
Glasgow Cathedral (68), may be instanced as rough but effective 
renderings of their respective subjects, without thatpaiuful labour 
which is generally bestowed upon pencil drawinga. 

Among the desigus for " Drinking Fountains," that by Mr. 
J. Johnson (77) presents a few good features, while there is an 
over-onmteness as well as loftiness which appear to be un- 
necessary. In the " Family Memorial " about to lie erected iu 
Brighton Cemetery, and designed by Mr. Burnet, the arrange- 
ment of the parta is as novel as it is pleasing, and the severai i 
parts are made subservient (aa they should oe) to the general 
outline, which is gracefully pyramidal. The style is the Earljj 
Gothic, and it would be unexceptionable, but that some of thoj 
supporting piers look scarcely equal to bearing the superincum- 
bent mass. The " Piazza del Popolo," at Florence, is well shown i 
(80) in an oil painting, by Mr. Shoubridge. The building is A 

f[rand and simple study of Northern Itahan art. Mr, C. N, Beaz-! 
ey's "Sketches in France and Italy" (81), are ten in number, 
and among the best of their claaa,^-clear, sharp, and correct. No 
effort has been made to indicate the shaded effect, but just so 
much only is jotted down as to denote the architectural propor- 
tions and details — in fact, they appear to be transferred from the 
author's sketch book, jirecisely as finished on the spot. 

In (86) Mr. C. H. Smith exhibits what he calls a " Design for 
an Octagonal Vestibule, with four porticoes to the principal 
Government Oflices," a scheme unquestionably destined to re- 
main in nubitmt, for anything so extravagantly absurd it has 
seldom been our lot to encounter. The enormous scale on which 
such a building would have to be erected is, of itself, a sufficient i 
barrier to its ever being carried out, nor do we see the slightest^ 
counter-advantage profMsod to be secured. The site is probably 
intended to be not far from the spot where the Mediceval gateway 
at Whitehall formerly stood, but this latter, beautiful as it was, 
would shrink into insignificauce, were the present idea to bo ever 
realised. Mr. Goldie sends, as usual, several clever drawings^ 
including (90), " Studies for portions of new buildings, Aniudel I 
Castle," and a " Design (156) for the Hull Town HalL" In the 
former of these, especially, (for the frame includes several 
sketches) the author's appreciation of Gothic principles is uo- 
mistakeable, and that knowledge has been judiciously exercised. 

Passing by the vision try scheme (91) deaigiied to commemorate I 
the exhibition of I SOI. and whose "Internal relievos, frmooes,* 
and stained glass, illustrating the objects for which great medals 
were awarded, surrouuding the central stair, would (somehow or 
other) carry the datum line of the world's science and art at this 
period into future time," we come to a matter-of-fact "desigai 
for the Birkenhead Workhouse," by Mr. R. Griffiths {92), which' 
at once levels our thoughts again to stem realities; while the 
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adjoiuing selection of admirable lithographs, by Mr, J. B. Waring 
(93), consisting of "Sculptural atid Architectural Stuiiiea from 
Miraflores, Caatile," it ia truly delightful to contenipl;ite. The 
infinite resources of these designs are do less remarkflhie than 
the skill with which they are here delineated, as every one 
must know who has looked over the sumptuous work from which 
they have beea coUed. The cast-iron and steel goods designed 
for Messrs. Louj^ea and Co., of Sheffield, as shown in (94), are a 
marked improvement upon the majority of such articles, the 
manniacturers having had recourse to the professional assistance 
of Messrs. Walton aud Robsou in pn?panng the designs. The 
drawing before us embraces an elaborate Qothic grate, fender, 
aud fire-in>ua, another of a plainer kind, and some staircase 
railing and metal work. The principal grate ia made in cast- 
iron, and so designed that it can be ground upon a grindstone, 
and all its outer surfaces brought to a Sheffield polish; burnished 
brass mouldings surround it, and bras-s ornaments, as finials and 
angle-oovei-ings, are added. The electro-bronzed architrave is 
studded with small couvex mirrors and lesser enrichments, while 
a consiilerftble portion of tlie front surfaces ia covered with 
diaper work. The grate proper is supported on standards, being 
an adaptation of the "dogs of Mediaeval times. The fender is 
simply an electro-bronzed plinth, on which are standards carry- 
ing a steel rod. An ashpan is fitted under the bars of the grate, 
aud it follows the shape of the fender; the slopes of the interna! 
bars in the ashpan are so arranged that the spaces are wider at 
bottom than at top, aud thereby ashes do not so readily lodge. 
The fire-irons comprise several novelties, all devised so as to be 

(tractically useful. Notwithstanding these improvements, we 
earn that this grate can be procured at the ordinary price for 
articles of this class. Several photographs from drawings of 
works executed by Mr. E Hiidfield will be observed with interest 
in (if9), particularly his additions to a Convent at Leeds, 
(To be coneludtd i» our next.) 



THE BELL HOCK LIGHTHOUSE. 
TO rat iDiTon or tiu citu wotink Aaa ABCBiTwrr'a ioriucti. 

Sir, — Sir .John Rennio, in his 'Account of Plymouth Break- 
water,' published ia 1848, says that the late Mr.Rennie 'designed 
aud built the Bell Rock Lighthouse,' while he withholds even the 
uame of Roliert Stevenson, the engineer of the work. This ground- 
loss statement, made for the first time thirty-seven years after the 
completion of the lighthouse, and twenty -four years after the pub- 
lication of Mr. Stevenson's 'Account' of the work, was fully 
refuted in the correspondence of 1849 between Sir John Rennie 
and Mr. Alan Stevenson, which is to be found in the thirteenth 
volume of the Civil Engineer and Architect's Journal Mr. Smiles 
ia hia ' Livf s of Engineers,' just published, took his notice of the 
Bell Rock from Sir John Rennie; and I am happy in having this 
opportunity of acknowledging the courtesy with which Mr. Smiles 
at once agreed to delete certain passages and alter others in the 
necond edition of his book. As it still, however, contains much 
tliat is erroneous regarding the Bell Rock, I shall feel obliged if 
you will permit me through your columns to state the following 
brief r.tume of the facia of the case; — 

Ist. In I8(K) Mr. Stevenson, in his capacity of engineer to the 
Commissioners of Northern Lighthouses, reported (23rd Dec.) 
bis opinion that the erection of a stone tower on the Bell Rock 
was not only practicable, but that it was the only suitable struc- 
ture for that situation. 

2nd. In 1800 Mr. Stevenson made drawings and a model of a 
stone tower, and in that design he introduced the peculiarities of 
construction which constitute the difference between the Be!l 
Rock and the Eddystone, — in pMxrticular, the improved form of 
floor to obviate outward thrust, and render the chain bats used 
at the Eddystone unnecessary'. 

3rd. Acting solely on Mr. Stevenson's advice and on his design 
and estimate, the Commissioners of Northern Lighthouses applied 
for a bill in 1803, which passed the Commons, but was thrown 
out in the Lords, on mercantile and not on engineering grounds. 

4lh. Subsequent to this Mr. Telford reported; aud afterwards, 
in 1805, Mr. Rennie, at Mr. Stevenson's own request, was called 
in to confirm Mr. Stevenson's opinion. 

5th. In I80(i the Commissioners applied for another bill to 
carry out Mr. Stevenson's plan of 1800, which was the only 
design before the Parliamentaiy Committee. Mr. Stevenson, as 
engineer for the work, was first examined before the committee, 



and explained his plan and estimate, and Mr. Rennie was next 
called in, and " confirmed" his views. This bill passed. 

6lh. The Commissioners thereafter proceeded with the work, 
ap)K>iatiDg Mr. Rennie as chief, or, as now termed, consulting 
engineer, as fully stated in Mr. Stevenson's book; and it would 
appear that founding on this circumstance, and utterly ignoring 
the &cts of the case, Sir Johu Rennie assumes that hia father 
designed and built the Bell Ruck Lighthouse. 

7th. The only drawing furnished by Mr. Rennie -ma ». pictorial 
sketch of a tower, with clouds and shipping in the distance, which 
sketch was not adhered to in the execution of the work. He never 
furnished any eection, nor awy working-plani or specification of the 
Bell Rock Lighthouse. The only working-plans were those made 
by ilr, Stevenson. 

8tb. Mr. Rennie, in his correspondence with Mr. Stevenson, 
and in hia reports and sketch, named for consideration alterations 
on only five of the dimensions of Mr. Stevenson's original design ; 
which alterations Mr. Stevenson did not approve of, and did not 
adopt These were : thiit the diameter of^ the base should be 62 
feel, and afterwards 45 feet, instead of 42 fe«t; that the h<>ight of 
the solid part of the buihliug should be 50 feet instead of 30 feet; 
that the hollow or Uabit.ible jmrt of the tower should be divided 
into four instead of five compartments; and that the height of 
the tower should be 85 feet instead of 92 feet. In determining 
the first three of these important dimensions, Mr. 8t«vensoa 
adhered to and executed the work in exact accordance with bis 
original desigu ; in the fourth — viz., the height of the tower^ 
instead of reducing it to 85 feet, as Renuie proposed, he increased 
it beyond his original height of 92 feet to 100 feet The fifth 
suggestion of Mr, Rennie was, that the part with the central 
stair should be 30 feet, and the solid masonry only 20 feet ; but 
as this would have made the solid itidy 4 feet above high water, 
Mr. Steveu.soa rt-jected it, and wisely adhered to his own design ; 
and, from what 1 know of the building, I can with positive cer- 
tiinty affirm, that had Mr, R nnie's suggestion been adopted it 
wuuld have proved fatal to the structure. 

9tb. Mr. Rennie, in hia correspuudence and in bis reports, dis- 
approved of the deviations from tlie construction of theEddvstone 
which Mr. Stevenson, in his original design, suggested in the 
formation of the fluors, and the means of tieiug the walls together; 
but Mr. Stevenson in this also adhered to his own design, and 
dispensed with the use of chains for binding the building even at 
the upper floor, whei-e Mr. Rennie regarded them as indispensable. 

10th. Mr. Stevenson therefore acted indei>endently and on his 
own respouaibility as an engineer, in determining the diameter 
of base, height of solid, internal arrangements, and dispensing 
entirely with the safety chains; and executed the work, in tbetse 
vital and all important respects, in accordance with his original 
design of 1800. This he did in direct variance with the views of 
Mr Rennie, whose real responsibility in connection with th« 
work WHS his coulirmation of Mr Stevenson's opinion as to the 

fracticability of a tower of masonry. The Bell Rock Lighthouse 
as now withstood the winter storms of half a century. Had it 
faihnl, or were it to fail now, no respouaibility could have rested 
with Mr Rennie, whose suggestions aa to the important matters 
refered to were not adopted. 

11th. The amount of responsibility may be judged of from the 
fact, that while Mr. Telford was paid for hia advice .£77 — Mr. 
Rennie, for his advice, including su]i{>Mrtii]g the bill in Parlia- 
ment, X'4iQ— Mr. Stevenson vti\a paid £4052 16*., of which £315 
was for pi-eliminary work, including his original designs, which 
were ma<le out before either Mr. Telford or Mr. Reunie had been 
consulted. 

12th. Mr. Rennie never aiTogated to himself the credit of the 
Bell Rtick. On the contrary, iu writing to Mr. Stevenson on 7th 
Sept 18M7, lie designates it as " a irork which v)Hl, if successful, 
immortalise gott in the annals of fame." Stronger language could 
not have been used had he been speaking of Suieaton and the 
Eddystone; anri, coming as it did from Mr. Reuuie's own pen 
while the openitioos were in pi-ogresa, it convincingly disproves 
the aUitement made thirty-seven years after by Sir John, who, in 
hie 'Account of the Plymoulh Breakwater,' not only says that 
his father " designed and built the Bell Rock Lighthouse," but, as 
already stated, actually suppresses Mr. Stevenson's name — a sig- 
nificaut fact, which, 1 submit, is fitted to disqualify Sir John as 
an authority, and to render utterly valueless his assurance given 
to Mr. Smiles that his account was " perfectly corrects" 

13th. The late Mr. Charles Cuuniugham, who was secretary to 
the Commissioners of the Northern Lights while the BeU Bock 
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wu b«ins erected, and who at the same time held the ofSce of 
clerk to the Leith Docks, writes to Mr. Alaa SteveaBon on 29th 
May 1849, in the following terms: "I bad freauent opportanitiea 
of being with Mr. Rennie auring hia periodical visits to Scotland. 
The wet docks he planned and eitecuted uoder the anperinten- 
denoa of a resident engineer, appointed by himself. Tlie Bell 
Rock was planned by your father, and after having been sano- 
tiooed by Mr. Rennie, was executed entirely under your father's 
personal superintendence: and in nil my communications with 
Mr. Rennie, which were not uufrequent, I never heard him lay 
claim to that work." 

14th. The Commissionersof Northern Lighthouses, under whose 
anspioes the work was initiated and carried out — who visited it 
repeatedly during its ]»ro;Tress — to whom Mr. Stevenson reported 
directly on every point, from the selection of the foundation to 
the mauofacture of the lantern — completed their part of the busi- 
ness by acts the most signiGcaut and uumiatakable. They 
ii»tnioted Mr. Stevenson, at the cooclnsion of the work, to write 
an aoQoaut of the LighthouBc; they appointed a committee of 
their number to superintend the publication, the expense of which 
was defrayed by the board; they placetl Mr, Stevenson's bust in 
marble in the Lighthouse; nnd, at his death, they recorded in 
their minutes thnt to " Mr. Stevenson is doe the honour of eon- 
wiving and executing the great work of the Bell Rock Light- 
bonse. ' 

Thus we have opposed to the recent nnsupported statement of 
Sir John RenDic, tlie lieljhente opinions of the onljf person* who 
wtre officially eonnei'ted with the toork — viz., the late Mr. lieuuie 
himself; the late Mr. Clinrles Cunningham, who was secretary 
to the Lighthouse Board at the time; aad the Commissioners of 
Northern Lighthouses. 

In conclusion it may be asked, since the example shown by 
Smeatna, who hirasetf saw every stone of the Eddystone laid, 
what credit can be due to ony engineer in connection with the 
Bell Rock Lighthouse which is not included under one or more 
of the three following heads ? — viz. 

EitA«r, The original proposal to erect ii tower of masonry in an 
exposed situation 16 feet under high water; 

Or, The proposal of any improvements on Smeaton's design 
and mode of carrying on the work; 

Or, The personal execution of the work, involving so much for- 
titude, zeal, self-denial, and knowledge of engineering. 

Which of these sources of credit does not belong to Mr. Ste- 
venson alone, in connection with the Bell Rock Liglithoase ? 

I am, &c. 

84, Geoi;ge Street, Edinburgh, David Stevenson, 

April 1662. 



THE ALBERT MEMORIAL. 

Tmt last number of tbij Journal contained an investigation of 
some of the general principles which ought to regulate the 
desigr. and character of the monument which it ia proposed to 
erect to the memory of the late Prince Consort; and we endea- 
▼onred to show briefly, that the rannuments known as "crosses" 
in medieval architecture satisfactorily embodied those principles. 
At the time when these remarks were written it was generally 
aoderstood that a very different kind of monument would he 
•dopted; but it has been found impracticable to carry out the 
ocntemplated design ; and at present the form of the monument 
appears to be altogether undetermined. 

In resuming the subject, it may bo well to advert to the exceed- 
ingly great diversity of forms which have been chosen by diiferent 
nations in different ages for their memorials of the dead. Almost 
every nation which has attained to wealth and power has left 
examples of such memorials. The first and moat elementary type 
is the monolith, of which the obelisk ?a only one of many varieties. 
Next in simplicity of design, although in many instances far more 
remakable for their stupendous maguitude, were the pyramids, 
which, according to generally-accepted conjectures, were immense 
monuments of the dead. 

As architecture advanced the form of monuments became more 
complex and very different in different countries of Europe and 
Asia. Oriental monuments we may at once dismiss from our con- 
sideration, for notwithstanding the grace and magnificence of 
many of them, they are obviously unfit to be adopted as models 
in this country. Of the rejection of Classic models we are by no 
nie&oa *o secure. There is a powerful class in this country who 



have personal interests in advocating the merits of Classic archi- 
tecture, or rather the debased styles which adopt its forms with- 
out its principles, and who would doubtless be dissatisfied with any 
building which did not illustrate one or more of their favourite 
FiveOrders. Without, however, entering into a general discussion 
of the reasonableness of this taste, we may advert to one reason 
which, as it seems to us, is conclusive against the adoption of 
Classic forms in the Albert Monument The monument ought to 
be lofty, in order that it may be visible from a gi-eat distance. It 
ought at least ^we suppose) to be higher than the surrounding 
trees of the Park in which it is to be placed. Now this requisite 
is not attainable with Classic forms without resort to contrivaucea 
which violate the principles upon which thoBC forms were origi- 
nally designed. The most common of these contrivances have been 
the piling of colurana one upon auothcr, as in the western facade 
of St. Paul's — the outrageous exaggeration of the original size of 
columns, as iu the Nelson Monument at Gharing-crosa^^r by an 
incongruous superstructure or substructure above or below the 
columns. Are we premature iu expressing a hope that the day 
for repeating these absiirditiei^ is gone by 1 

The only definite suggestions for the Albert Memorial which 
have been made since the design of an obelisk was abandoned, 
are memorial windows, and buildings to be dedicated to some 
charitable purpose in the name of Prince Albert. Both these 
plans appear to us very objectionable, (xlaas is not a sufBciently 
durable material for a monument which ought to be designed to 
endure many centuries. How much remains of the ancient 
stained glass of our cathedrals and churches ? Abundance of 
fragments, no doubt; but scarcely a complete window more ancient 
than tbei Tudor period. Besides, memorial windows are not 
sufficiently conspicuous; for instead of l>eiiig visible from a great 
distance, as we have said the intended ruouunient ought to be, 
their effect is not visible except from tlie inside of the building 
which they decorate. 

Moreover, the proposal of a memorial window is liable to this 
objection, in common with the other proposal, just mentioned, 
for a charitable institution, viz. : that in either case the memorial 
would not be exclusively commemorative. It would be made to 
serve two purposes; and the purpose of cummemoration, even if 
always regarded as the primary object, would lose much of its 
importance and dignity by association with a secondary object. 
For instance, in the case of the charitable institution — either the 
institution is not really wanted, in which case the erection of it 
is a positive evil; or it is really wanted, in which case the feeling 
of charity ought alone to guSioe to secure its erection. The con- 
trivance of combining Iha two objects which have no necessary 
connection — a work of charity and a memorial — savours too 
much of thrift; looks too much as if there were not sufficient 
zeal for either object alone. Of course it may be objected that a 
mere monument is of no use^ and that therefore its erection ia a 
waste of money. The objection ia — Why was all this money 
wasted and not given to the poor i This objection is not, however, 
likely to proceed from those who reflect that memorials of public 
benefactors are natural benefits, because they encourage efforts to 
promote the welfare of the community. 

If we reject the proposals just mentioned, whatare thealterna- 
tivea ? Surely we are not to repeat the frequent blunder of 
erecting isolated columnB or uncanopied statues. The objections 
to monuments of this kind are so manifest that their adoption 
ought to be regarded only as so many proofs of utter debasement 
of architectural taste in the timea which tolerated them. 

In advocating the adoption of a monumental " cross," we are 
not advocating the revival of an obsolete idea. If our method 
of reasoning ou this subject has been correct, we simply wish to 
revert to anatural and rcasouable mode of designing monuments, 
which has never become obsolete in the sense of becomiug uo- 
suited to onr times, but which fell into disuse when architecture 
became debased. The merits of these crosses are of many dis- 
tinct kinds. They are susceptible of great variey of design, 
size, and magnificence; tbey may lie so constructed as to be very 
durable; and they are in a peculiar degree characteristic of Eng- 
lish art. There have been, it is true, some crosses of great 
beauty erected in Nortlieru France during the Medinval period, 
but they were never so abundant there as iu England. In thin 
country, as Britton well shows in his essay on " Ancient Stone 
Crosses," in the first volume of Ida ' Arcbit* ctural Antiquitiea,' 
they abounded in every county, and scarcely any great town 
was without its market cross, preaching cross, or memorial cross. 
Why the name of crosses was given tu these stractores is by U9 
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means clear, for the gyrobol of the Crosa does not appear on the 
majority of them; and it is not a principal object in any of the 
beautiful, and interesting illuatratiouB of the volume cited. 



THE SAFETY CONCENTRIC BALLOON. 

to TBB BSITOB OV TBI CtTIL BVSIRIKB ASD ABCnmCT'l JOrEXAL. 

Sjr, — ^Tlie actual sinte of aerostation at the present time is far 
from being perfected; as an art it is incomplete. The supposed 
iraposaihility of guiding the balloon according to a given direc- 
tion, oblique to the wind, has been the long-contested question 
of aerial navigatioo, and the want of this important mechanical 
desideratum has hitherto obstructed its advancement as an art 
applicable to useful purposes. Another impediment exists which 
has continued to oppose its adoption as an adaptation to the 
wants and occasions of human life, namely, the dangers con- 
sidereil inseparable from the practice of the art The mechanical 
guidance of the balloon can be efiFected to'a serviceable extent by 
my invention, which I have named the Safety Concentric Balloon, 
and which it is the object of this commonicaUon to describe. 
As a source of recreation, aerial navigation stands unrivalled; 
in this sense it is that I consider its present merit entirely to 
oouaist; but our exertions must be limited, and our pleasure 
curtailed, when we do not consider ourselves moder.ately safe, 
whether we travel over the water, through the air, or upon the 
land. By my method of conatructiug a balioon I remove all dan- 
ger while in the air, and extend the relationa of the art by a new 
guiding principle. Aeronants have dangers quite inseparable 
from the present practice of constructinjr a balloon; all attempts 
to give direction to a balloon have failed hitherto, and great 
difficulties have been experienced iu remaining in the aerial 
regions a sufficient time to inanre the attainment of a given 
distance. My invention overcomes many existing difficulties. I 

t>ropo«e to form a balioon of a series of concentric interior bal- 
oons — viz., one balloon inside another, the centre one to be made 
of sheet steel, iron, copper, or other strong material, prrmanently 
charged with gas, and tolidly, but iiot ttiffiy connected to the car, 
to support and give effect to the steering and propelling apparatus. 
When gas is discharged from the upper valve of a btJloon, the 
cover is (in the present mode of construction) often rent, not from 
bursting, but by collapse, caused by the pressure of the atmo- 
sphere on the parti.vl vacuum created. In the balloou that I 
propose, any portion of the gas between the first and second 
covers may be discharged without chance of accident. When 
necessary, the gas inside the second cover can be discharged in the 
same way, and when all the g.ia between the consecutive covers 
is discharged, the central meL-illic or ^lermanent balloon, and 
th« bulloon that contains or immcdititeiy surrounds it, will descend 
to the earth gently and safely, delivering up the voyagers with- 
out diimage or shock. It will easily be seen that the metallic 
balloon being filled, and aurrouuded outside with gas, sustains 
very little pressmre. 

It may be ai"gue<l that the material employed in all the covers 
would make a balloon stronger and safer with a single cover, than 
my balloon of balloons; this is not the case; for a cover composed 
of § boiler-plate, which would be twenty times stronger than all 
my covers put together, would give way if only a partial vaonam 
were created inside by suddenly discharging the gas. All that 
is required nf a cover is the power to sustain the difference of the 
pressures of the atmosphere and of the gas inside. In my 
balloon no mistake can be made in discharging the gas between 
the first and second covers, for the gas between the second and 
thini covers maintains the required equilibrium, when the space 
between the first and second covers are empty, or partially so; 
besides, the exit of the gas from between the first two covers is 
not accelerated by the great body of gas contained in the othei 
covers, which do not require the strength of the outer cover. 
Mr. Charles Green's ingenious discovery of the guide-rope should 
^H not be dispensed with — viz., a rope varying in lengtli from 2UO0 

^H feet upwards, according to the exigencies of the case, the connec- 

^^B tion with the earth by its means need never be entirely dissolved. 

^^B It might be long enough to allow for any necessary increase of 

^^M the altitude of the balloon in the higher currents of air which 
^^M exist in the atmotiphere ; this guide-rope should also be of a mass 

^^M proportioned to the weight against which it is intended to pro- 

^^1 vide, and lowered from the car by means of a windlass, and pass- 

^V //fjS' throagh a puiJejr MttAcb6d to the hoop above, allowed to remain 

I /hm/fr saspeaded ia the air. As aooa *s any aiteratioa Likes 



place whereby the specific gravity of the balloon is increased, and 
it in consequence begins to descend, the lower extremity of thit 
rope becomes gradually deposited on the ground, and acting ia I 
this case like the discharge of so much ballast, keeps eonstantlv' 
abstracting from her weight below in the direct proportion ot 
the augmentation which it is receiving above; until, the latter 
having reached its maximum, and aa adequate compensation 
having been effectefl by means of the former, her further descent 
is eventually checke<l, and she either continues to advance upon 
the level to which these vicarious alternations have reduced her, 
or rising again under the influence of the tirst change that occurs 
sufiicieut to produce such a tendency, and reversing in her 
ascent all the proceedings that attended her depression, she 
gradually becomes charged with all her former weight, and ulti- 
mately quits the earth in the same condition with regard to her 
resources in gas and ballast, as she was before circumstances had 
interfered to disturb the equilibrium of her previous course.* 

My concentric balloon may be constructed of almost any size 
with perfect safety, as the weights of the envelopes of similar 
shaped balloons increase as the squares of the diameters, or of 
similar dimensions, while the solidity increases as the caliea; 
hence the quantity of gas between two consecutive covers may 
bs made to assume any fixed relation to the area or weight of 
the outer cover. Suppose Vie inner balloon A E B t<» have s 
diameter AB=20 feet, a surfaces 1250 square feet, and a soliditj 




=5000 cubic feet; and let CD=20 feet be a diameter iu the 
balloon C T D, then the surface of the balloon CTD = 2628 
square feet nearly, and the 8olidity=ld,243 cubic feet nearly; 
therelbre, 10,243=;tbe cubic feet of gas between the covers, and 
the ratio between the solidity and the surfiice is maintained. 
That is, oOOO is 4 times 1250; and 10,243 is not far from being 
4 times 2G'28. Q represents the guide rope, invented by Mr. 
Charles Green, and may be paid out of or taken into the car by 
means of machinery attached to the hollow shaft QZ. FSII 

* aei! VtuikcW Midqia'« *K<TaDautii-a,' page IT. 
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18 the outer cover, provided with a Btnffing-box at O, bo that the 
na when it expands may be diecharge*! through apertures ia 
OQ, throDgh the hollow shaft J K. VIN represeuts the secooJ 
cover inside OHSF; CTDM ttie third ballooa cover inside 
VIN, &ad so on. As many balloous as we plenae may be iutro- 
daoed ioaide the other, fitted to OQ by loose bands LMN. The 
ns as it expands may escape through the hollow sbafta OQ, and 
JK, by means of apertures ju OQ. 

PQ is the inner balloon, and raay be made of copper, steel, 
india-rnbber, or gutta-percha, and may be easily moved up and 
down inside the ballioon AEBL, so that JK couaeoted to OQ by 
a crank inside the car gives a forward motion to the whole 
machine, by means of screw sails X, X, and Y, Y. P is a valve 
to allow the air to escape from PQ, while itself and the inner 
cover AEB immediately next are being inflated; it may then be 
closed daring the voyage. The upper valves of the rest of the 
ooneentrie balloons may be operated npon in the nsnal manner; 
tbe balloon AEB encloBinf? PQ is not furnished with an upper 
▼alve, 80 that when the ballast and the guide rope are all out, 
•nd the gas of all the balloons outside of A E B ia discharged, 
the machine may descend quietly to the earth. 

I have other methods of applying my system to practice with- 
out altering the combinations that ooustitote the invention. 

£l£A2{or Rvoq Btbss. 

SI, Tollington Koad, HoUoway, H, 



vo roa uiTO*. of rat civil iiroiiiuft axd AKCHiTicT't joobvai,. 
Sib, — NotwithstaDdiug all that has been written on hydraulics, 
I think a simple formula is needed for caaes which frequently 
occur in practice; for indtance, it ia often necessary to deteruiino 
accurately the velocity with which water will flow from a given 
pipe, say at D, after having passed through several other pipes 
of different dimensions, lengths, and inclinationa from the reser- 
voir or main; and the case becomes more complicated when side 
braochea are flowing from some of these pipes, as at B and C at 
the aame time. Take the following example:-^ 




•4, PermaDent level of «a(«r. A£, Pip« iou («et long, S4 iodiH i)iM>et«r. 

BC. np« COO feet long, 18 Ina. diameter. CD, Pipe 800 faet long. 13 inchu dUmotor. 

Aa^Ufeti. Bt>=»Of«>et. Co=90lMi. 1><1= iO teet. 

And suppose moreover that a very short side branch pipe 6 ina. 
diameter was flowing from B and C at the sntne time. Then 
required the vehxiity of the water through each of the pipes AB, 
Be, and CD, and especially the velocity of discharge at point D. 
Kany of your correspondetits would elucidate this example by a 
simple formula, 1 think they would confer a general favour. 

Referring to the letter of "Observer," page 376 in your .Journal 
for Dec. 1861, there is some mistake, as the formula quoted is not 
to be found in your Journal, vol. xv., p. 353. Allow me also to 
•nggeat the great convenience of always giving the value of the 
letters when quoting formuioe, rather than of referring to the 
worka in which thoy appear at length; for many persons cannot 
without great trouble consult these works, and in consequence of 
the various signs and numerous authors it is impossible to carry 
fonuuI«e in the head. Your valuable assistance ia solving this 
problem will much oblige. 

Enqoirer. 

^ 

Iron and Concrete Pavtment in the Citif. — The roadway of the 
Poultry, comujeuciug at the corner of Charlotte row, Mansion 
House, and extendinij about 100 yards westward from that point, 
is being laid with Kuapp'a patent pavement, which cuQsi.Hts of 
hollow iron blocks, divided into small compurtmenu, the latter 
being filial up with concrete level with the surface. Four of 
these blacks will make a square yard. On each side of the road, 
done to the ed^e of the footway, are being laid holk)W cast-iron 
trantplntes, 6 feet in length and lH inches broad, which are first 
tilled with concrete, and then turned over, leaving the indented 
iron fuce upwards, thus forming aoli<l tramways. To keep the 
paving level at each end, iron girders, 18 ft. 9 in. in length, will 
croiH the roadway. The blocks lock into each other, and form a 
solid masis of iron and coDwets. 



AUSTIN'S BILATERAL DOUBLE OFFSET PLOTTING 
SCALES. 

We have on our table specimens of Mr. Austin's scales. The 
principle is simple, and tlie arrangement iugunipus and remark- 
ably convenient. The ends of the scale Lave brass ci'oss-pieces, 
with "Station Pointers." By placing the scale so that the St»-i 
tion Pointers are upon the Base Line, the zero of^he offset scald' 
is made to coincide with this line. The offset scale being gradu- 
ated right and left from zero, the offsets on either hand can be 
plotted with facility as fast as they are rea<J off from the fiel«i 
book. The trouble and delay of either shifting the scale or goiog ' 
over the survey twice (once for right offsets and once for left o^ 
sets) ia thus done away with. 

In each cross-piece are two steel spring points, which are 
worked by a screw with a milled head. By these the ends of the 
scale are fixed down to the paper and drawing board, so that the 
draughtsman ha« only the care of moving the set square forward-^ 
as the plotting proceeds; tlie right hand is thus left at entire 
liberty for the qae of the pricker, or the pencil or pen, so that 
the delineation can be carried forward at the same time as the 
plotting. 

The scales and offset scal<« can of course be graduated aa 
desired, the essential principle being the graduation of the off- 
set scale right and left from a zero point at a fixed distance 
from the guiding edge. ILach of the patterns before us has two 
scales upon it In pattern No. 1, the the two scales ore separated 
by a clear interval of at least 6 chains, and connected at the top 
and bottom by the brass cross-pieces, the " Station Pointers ** 
being placed in the central line. The middle space ia just widaj 
enough for the offset scale to be set in it so as to slide alonf^ 
between the scales, the left-hand scale being read from. By this j 
arrangement at least 3 chains on either side of the base line cai 
be plotted. In pattern No. 2, one scale is given, graduated on 
either edge. The brass cross-pieces form T heads, so as to give 
a pair of " Station Pointers '* for each side of the scale. This 
arraogemeut is stated to be less costly, and capable of being 
more readily fitted to existing scales. 

In a third pattern, the " Station Pointers" can be set at a con- 
siderable distance from the edge of the scale, as they are on a 
brass bar, which slides either way by a rack and pinion move-. 
ment. This is intended to fit the instrument not only for 8urvey%' 
but for plotting sections, for which, no doubt, it affords some 
advantages. The racks must of course be marked so that they 
cau be set to suit the length of off-set scale, for wliich they af«^ 
intended. They ought to work true and rather stiff; and if not 
furnished with steel points to pin their ends down to the board, 
should be clumped by the same movement tliat pins down thi- 
Bctde. Attention to these details will, we doubt not, render 
pattern No. 3 extensively useful. The other patterns are perfe^-t.J 

Mr. Austin's method affords marked facilities for plotting ial 
all cases where the off-sets do not exceed a certain limit ; and it] 
will not fail to commend itself to many, as it effects a considerable -i 
saving of time, both iu plotting from a field book, and in plotting 
to a reduced scale. 

The iustnimeuts are sold (by the inventor) at Blackwell'i, ^ 
9, Craubourue-street, Leicester-square, W.C. 

Trial of Steam Fire Enginet. — A trial of the steam fire engines 
belonging to the London Fire F^tablishment was made on the 
16th ult. at the distillery of Mr. Hodges, I^ambeth, in the pre- 
sence of a numerous company of visitors. The new steam tire- 
engiue recently made for the London Fire Engine Establishment 
is of nearly the same dimensions as the one so long located at 
Walling-street, now removed to Chandos-street station, to give 
place to the new one. Steam M'aa got up in 15 minutes from the 
time the fuel was lighted, with lOOlb. pressure of water and 
12C4b. pressure of steam. Though a brisk wind was blowing, 
jet of water from a l^inch nozzle was thrown perpendicolarb 
160 feet high, and upwards of 200 feet horizontally. A tank of ' 
water holding 459 gallons was emptied in one minute and a 
quarter, thus doing as much work as four hand brigade-enginiMi i 
at their onliuary rate of working. Mr. Hodges then manned oi 
of his hand engines (weighing, when mounted with complement 
of men, &c., two tons), and threw a li-inch stream a horizontal 
distance of 190 feet The large hand-engine made by Meaars. 
Merryweather and Son for the London and North-Westem Rail- 
way Company was next tried. It required fifty men to work vt. 
The playing of v\u* eu^gvu* ^feW iJcvotV. cS.'^Vf .^o^'^- ^^.^a.^^^«^ 
with t^ftick puuv^a, V\\Vv Bk^YQ.<J!a.*VxQ>iA. 
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CLASSIFIED LIST OF PATBNTS SSALED ISf APBIL 1868i 



tSXI rat, C. W.— Imprared maehiita fartetUitg np and distribattng printcn' tj^-~ 

October 10 
1898 Bfdar, W.— ImproTed machine for flatinc roltert— October IS 
1811 Fekmley. J. — Imurored st«aiii b&mmera— October 19 
iiti Vettou^tL—ISAcbiM for paitchiog ira«her»— October IS 
MM CUrk, W— Ainaratnt for beodinK inw nJli <ooai.)-Oetober 16 
99SS En^and, O.— Improred planios aadUoM^-October S3 
S8TT LuoiDMs &— Imprared machine for mcnildiog bricka— Norember 15 
8101 MfDDPDi, M. A. K— Iiiijn«*«d Jack aadilue for monng hotrj bodiM (oom.)'- 

Oecember U 
•878 OibMm. U.— Iiuprortd alal* drMaing ir-^ ' - '^-'nberM 
9T82 WonhaiD, 8. W. — Improrad macUBt '■xl 

If IS JohiiwD. J. H.— Imnroma mod carvi i um.}— NoTtmber 10 

S48S Knox, O.— Improrad paper machine - .mv mi r ^<.i 

8698 Stroalher, W.— Improrcd wind enKioe October 18 
iMi Didcs, W.— Impn>vi.>d water matsra- October H 

m De BoiiltoTillft, J. D.— ImproTed machine for ipinning— JannaTy 39, 1881 
W'H Holdfleld. K.— ImprvTcd eelf-octlog mnJe* for tptnning— October 21 
S4M Bobert«t)o, W,- laiprorcd nalei for tpiiuing^ and doabl'ikj— October S0 
tMi Smith, a.— ImpioTiMl apparatus for winding yam — October 17 
M86 Sidnbgitom, J.— Improred machine for luaJdog ipindlea o( ipinning and other 

machioM - Octobier 3(i 
t90 ToiiKae, W. — Improved scntcbln^ machine —Febmarr IS, 1883 
((Ml Tongue, W. — ImproTed machine for preparing silk, flax, and other llbmu 

'niauorialii— March 8, 1802 
MM Bowao. W.— Imprormeats in MnilehlsE machine*— October 6 
BMO Moral, A,— Machine for oombiningall UameotoQi nateariala— October 13 
3f 10 Slmpaon. W.— ImproTod cwiat lace machine— October St 
1804 Jobnaon. /. H.— Imprared hnidln; machine— October 18 
URO Mould, W., and Hall, J.— luproireid machine for mannboturiDg healda — Oct. 10 
9H» BABiden, J. C— ImproTod heitlda for wearing— October IS 
M38 Keoioo, r. — Improved means for treating and olitainingflbtoaamateriaU— Oct. 31 

S4BT lAoalev, J.— Improred plongha, drill, &c— October S 

iMOC WllUcber, J. C.— laprored combined thnuhlag and drewittg machino— Oct. T 

9Wi Oonchet, J.— Imprared bcMen aad drwM tued la ditto— Oct ber 19 

IMS Eott, C. H. —Improved etaauD aoftaiea and boUeriK-October 18 

IJll Wewtoo, A. V,— Imprared meant for redoeiBg the fHetioo and wear tt sUde 

▼aire* of steam engines (com.) -December 14 
MU Calvert, J. A.— Improred engines-October 31 
Sits Darlee, J. — ImproTed stoam aBginoe— October 3 
ST49 Bemy, H.— Improved steam eofinee (com.)— Norember 1 

IM Macnah, W.— Improved steam englnea— Fahraary 11. 1861 
ITSO Fuihawe, J. A.— Imppovadsleam generator*— October 81 
MM tmpctiTod tap for regulating the flow of steam— October t 
am Improved ooodeoiiug apparatiu October 7 

38T1 Oreen, E, and E. -Improved apparatus for generating and oondenaing eteam- 
October S£ 

IM Johnaou. J. U,— Aemoval Of inonutation from steam generaton (com.)— Oot. SS 
1M7 Boss, W,— Improved ttp» or valree— Octobor 1« 
2M8 Gilbert, J.-JBndla* raiiwaT* - October 1( 
aSM Wharton, h'.— Springs for raUwar and other vehicles— October SS 
9660 CampbeU, F. A. -BaUwars 

1818 Do Borgoe, C— Sleeper* and rhaira for permanmit mil way —October 19 
1009 BUia, JT— lUilii for pertuauent wa)>s- No ember 39 
mo Lamothe, li. J. -Kailrood car and other Tehidea— October SS 

Sa08 ChoTne, C.-RAilwar signal apparatos- October 18 
MM Henlej, T. W.— Kectnc l^lograph apparatoa— October t 

ITtO licish. E — ImproremcDts in sailing ships— October SO 

M91 Oolllns, J. a. — Ap^uratao lor reefli^ and fnriiog sails of ihipe— OetotMr 8 

MSI Toward, J.— Armour pi <tes for stupe, and securing the same to the side <^ a vesael 

—October 31 
5188 Tato, W.— Arrooqr plates— Dreomber 19 

9879 Ij«tflr, J -Hni«tiag spparalos -October 18 

M8S Duchsmin, W.— Improved blocks for lioMrng—DeoBalMr 8 

MT6 Uoore, T.— Improved windlassew Qctotier 98 

tt84 Welch, W.— Marin* screw propeUer- October IT 
M fiotuOald, O. T.— Improvemonta in propeliing water craft — Jua. i, 1:183 

3833 Cortls, F.— Fire-anns -OftoN-r 9 
1»U Sievier, B. W.-fiatlerii-s for war 
S81B Bloxam, B.— Sight for hflm and ordnance— October 19 
3708 Bavlixi, 0.— Doable riltr kiiu* October 39 
138 Winane, W. L.- Inipmvmi manner of moonting, and appatataa loc manccuvriog 
camioD or orduancv on t\\'\\n or rr— (ila — January 18, 1803 
9801 Bobertaon, P. — Manufactuf! or cartridge* (com.] — October 18 
3TI8 Thomaa, I,.— Rite orduouci- aad pra)eoSle* 

8478 Brooman, B. A— Mamifartnrc of ciiloured fafarici 'com..^ — October 1 
BM3 Hill, C. O.— Manafactnre of cnp frooU and trimmings— October 3 
9608 Foru, A.— Method of fonning waterproof fabrics -October 8 
MT8 Baker, F. B — Impnvemftflts in stiffening lace- October 16 
trw Tophan, A. J. and B.— Maattfact^re of lace— October N 
388 MciCoaa.—Drea*iiigyara» or textile materials— JanuacT 19, IMS 
3447 Scott, J. W.— Leather waehara and lacea-October 1 

3489 Tbompwm. W., Stather J.— Hydrao lo preeses-Oi-lober S 
3888 Ward, F. O.— Hydraulic prriwc*— October 13 
8191 Woatwood, J.— Hydnulu pre«M>« - Drcember SO 
1041 Newtcm.W. £.— Fnnii'A idid ,— Decrinbi-r 4 

tie Newton, W. £.—Panipingi.'niiinr niiii.l- Jaonarr 38, 1893 
3T37 Norton, J. L.— Apparntun for raiung water— October U 

2700 Gilbert, O. M.— Preprni ' lier 38 

3US Balmin, W. II.— Uanu! Jphiir— Hovombor IS 

83M lanreut and Casteblai Liccvoibcr 24 

3i3S TldioaiTih, J.— Arttfldjil n.-iuur.- - i i.-i..i„t '.i 

1710 Gibbon. R. - Preparini! Krxin for hnwi-r*- October » 

3«4< Blrahbeck, J. H.— Imuroicd meUiod of oxtraclini aUver t^om lead (com.)— 

October 38 my, 

SMI Madcmvikao, H.— Smelting gold or othnr nres— October 18 
3674 >ant«r.— Beworklng wasie valcani«ed inilU robber— October 18 
3M7 MuacLel, R.— Manufactore of a certain atetallio alloy -October IS 
*MP JWnschet K— Manofactore of pig nwta^ - October 19 
a»4 SatJth, W.—rttpviat ttooe, ic-OtiuAmt n 



M3S Smith, J. I.— CoUoctlns gaaa evolradfran btaet famaces— October a 
t38S Newton, W. E.— Apparatus for containing gaseous liquids- Tiorefflber 9 
IIT Hoot, J — Oaa and other cband^l ifr« Jllno^ry 2S. JS8'/ 
SS80 yndth, W.— Apparatus for lucreaaing the lUorolnailng power of gu (o 

October 17 
S79fi Wigham, J. R.— Apparatiu for maoofaoture of gat— November T 

2614 Flinn, J.— Watcbea— October IS 
354i 8tnun, N.—Watohea— October 11 

t5£u Dlsttn, H.<r.— Metal oniical wind iostrvmenta— October II 
3ii7 1 Alexandra, U.— Pedal- box for small oiigaiu — October 36 

353S Tatmer, W, -Lamps and tamp-widca— October 9 

S&S)1 Croooie, W. — Lsmps — uctober 18 

2830 lAmplong, U.— Means fur igniting the wlcka of lamp* — October 31 

3896 Peyton, B.— Frames of metal bedsteads— October 18 

3>t40 Fox, U. U.— Metallic bcdsletds-Oclober 33 

3738 Nonoan, G.— Moonting cradles. —October U 

3381 Howell, J. B.— Chain cablm— September 18 

S&i4 Browne, B.— Iroprvm-d aprinij com. -iJctotjer 10 

3760 Lockjc. T. — Wroughtiron wheeU — Xorcmbcr 3 

S7a Mitchell, B.—8ciMors and shears— November 1 

S814 Browne, J.— Metal tubaa— tietober 19 

SSS3 CrUopbe, L.— aat-iteel and other metal tafaa*— October 10 

SS88 Weateu W. J.— herew wrwBfbe* October IT 

3470 Zvan*. I.— trannfjMtun of boot* aad ihoe*— Orlober 8 

8303 BousAeld, 0.— Machtoe for atiaoUag aoie* to the Dpper leather Coom.)— D*& I 

3784 BradI, H D. — Machine for pegging shoea (oora.)— Noveml>er R 

3907 Oodfry, B. D.— Improved boot or shoo with a wooden sJiank— November 19 

9889 Mar, U.—Ooloeb««— October 38 

i<H1 Archer, O.— Sewing boot* and thoa*— October 38 
163 Tuier, w.— Boowand tboe*— January Si, 1^8] 

964U Deliry, J. F. V.— An Improved kneading trough- October 38 
81 Ramsay, I. -Improved manalhctore of coke- Jaooary II, IMS 
878 HIbbs. J.— Improved portable chairs. *c— February 1, 1883 
881 Kbbuct, A. C— Improved easy and other chair*— February IS, 1881 
328 Morgan, O. U. and £.— Improvad carriase*— January 38, 1883 

3831 Mc^mghAlliC— Improved means for ooonectiagtheendsofooveredstoel or oiW 
materials for cnnoilM*— OotoboHQ 

MIO Lepelntonr. - Improved lutealng* for |^ve«, belt*, Ac. —October 19 

3488 MwanU. J.— MAnufacture of button*— October C 

U84 Taylor, B.- Imprared dree* tnspeodeis— October 14 

M81 Smith,— Improved umbrelhw— -eptomber »0 

S41 Newtoai, W. E, -Improved skates lOom.) December 13 

U4d Briwra, C. and Chavame A.— Ovons. fcc— October 38 

SS78 Clark, W.— Securing mall bags, *o. loom. >— October 1< 

3808 Jobnmn, J, II.— Trrntmeotefearpeto (ooa.)— Movember 8 

9586 Wyuants. C— Cliate for presae*— October 18 

2888 B<^de. B. A. — Fire-place for singdugidg*— Ootoher 14 

3321 loysel, E.—Match-boxe*— November 9 

1068 Willis. A. W.-PeocU holders-November 98 

S867 Lord, W. B.- Flog or iccket for doting and opening passage* ftor flow of liquid- 
October 33 

8013 Perry, H, C.-Iofouf* feeding-bottle— November 49 

1693 Aytooii. R.— Improved appaiaCns for chimneys — October 17 

ZHg3 Veunons, M. A. F.— Improved apparatus for ascertaining the degree of vitality 
i.i the human body lOom.)— October 38 

2771 Ashler, J. - Improved apparatus for attaching borte* to carriag**— November 4 

3Vii) Johnsbo, J. H.— Improved apparatnafor prepwing oral plctora ftase* (ooa.) 
November 36 

2477 Hoseoo C— Improved process of cOvering looking ^lo»«w — October 4 

3478 David 4.— Improvemeola in fixlngletters on uirtAllir jilatot— October 4 

3494 Mare* O. —Improved method of Mbeting eommuuication by meaaa of a Uto and 
an apparatos connected therewith— (Mober 6 

3631 Coatbonw U. B.— Unproved mean* of obt^ning and aivir^ •nba*ted aetal — 
October 9 

IIT Thompson N.— Improved apparatus for *t/>piiinf: bottle*— January 17, 1882 

3684 De Orooto, C— Improved inntrument for coriinf lottle* -Octolier 17 

38 Xachwege H. - Improvement* in treating woo)— Jaauai? 33, 18fi3 

2661 Mor^i^ J., Ware, K.. Moiicktoo, E, H. C— Improved electro-msgneta— Oct M 

9868 Fnlvennacher, T. I,.— Imprared electro-magnetic apoaratus-Ootober 18 

3T84 BouideM, O. T.— Improved eleetra-iilaUng— November 6 



ERRATUM. 

■FBOTOGHIPHIC DI'^TORTION."- The woodcut. 
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The figure drawn in bmken llnee and marked with capital letters, 'hows tte 0B4la- 
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ANCIENT mON WORK. 
(fPttt an Engraving.) 
Fboh the Charch of St. Lawrence and all Saints, Eastwood, 
Inex (a good specimen of Early English work), we obtain the 
Aooompanying specimen of ancient ironwork, which still exists, 
Ib a 9oniewh.it dilapidated state, on the inner door of the porch. 
The church is said to have belonsed to the priory of Pritthswell, 
in the time of Henry II., at which period it was called a chapel, 
but in 1390 it became a rectory, presentative by the prior and 
brethren of the before-named nionaalery, this being done through 
the powerof the pope, without the king's consent or the knowledge 
of Uie bishop of the see. The superior and brethren of the 
monaatenr in consequence were compdled to obtain a license 
from Richard II. in 1394 to appropriate this chnrch with that of 
North Shoebury to their own use. On the middle cross-bar upon 
the door are the remains of the following Inscription: — "Pax 
Begat Inlrantes eadem Regat." Upon the same plate we also 
exhibit a fine old binge from the inner door of the Church Porch 
of Great Sntton, a village about U miles south east of Rochford. 
The aacred edifice is small, and is of the Early English period, it 
baa a tower at the west end, in which are a good peal of bells. 



ABCHITECTUHE AT THE ROYAL ACADEMY. 

It may, with reason, be asked, what is to become of archi- 
tecture in connection with the intended purposes of the Royal 
Academy 1 The latter part of this sentence, it is true, might be 
construed as referring to either the past or the present, and this 
precisely accords with the idea in our mind when penning it. 
The institution of the Royal Academy, now nearly a century ago, 
eontempbted the patronage and encouragement of architecture 
no /wt than that of painting and sculpture, and far a time, when 
Chambers, Soane, and Cockerell were the great mlers of the art, 
its annual displays at Somerset House and in Trafalgar Square, 
were such as to entitle and secure for it a due share of attention 
mod respect. But this state of things has, comparatively, long 
paaed away, to the disgrace and blame of all parties concerned, 
while the two other arts — painting especially — have not only 
maintained their ground, but actually profited, as it would seem, 
by the neglect exhibited towards their less favoured sister. In 
days gone by, vet many ^ears after the location of the Academy 
in its present abode, architecture possessed a room within its walls 
tpecifioslly and exclusively devoted to the exhibition of its own 
and kindred works; by degrees the thin wedge was introdnced, 
and the space became encroached upon, next reduced to half, 
afterwards to still less, and last year when the alterations in the 
pbtn of the building involved a re-arrangement of its rooms, the 
architectural drawings were notoriously overpowered by their 
more numerous and showy rivals in the same apartment. This 
season, however, matters look still worse, so that what may be 
their future lot, how much longer they are to be suffered thus to 
dwindle, or whether they are destined to a speedy and utter 
extinction, is a problem which we cannot pretend to solve, but 
which unqaestionably depends for its solution on the enei'gy or 
the continued apathy of the profession itself 

The number of drawings is this year, we believe, much fewer 
than usual, and these are unceremoniously grouped in the ante- 
room immediately opening upon the entrance stairs, sharing the 
wall space with sundry crayon and other drawings of a general 
kind. Of very attractive architectural subjects, there is cer- 
tunlj a lack, in spite of the very fine picture, among one or two 
oUiers (876), of Mr. T. Page's " Design for the New Bridge at 
Blackfriars, as approved by the Bridge Committee." With the 
principal features of this design our readers are familiar; suffice 
it therefore to say, that these lose none of their importance or 
beauty by the way in which the artist has treated them, which 
renders this drawing at onoe the largest and one of the most 
perfect in the room. Below this is perhaps tlie second most im- 
portant drawing (882), "The New Town HaJl, Halifax," one of 
the late Sir Charles Barry's Inst professional works, and by no 
means one of the least important, though, in point of design, it 
is mnch below the standard of many buildings designed in the same 
style by that accomplished architect. In carrying oat the work 
aoroe modifications have been intro<luced by Mr. E M. Barry, on 
whom the superintendence involved, but he has not, it appears, 
interfered with the strange looking tower which Sir Charles had 
^ planiud as its orowning featore^ but which, besides being appa- 



rently quite tinnecessary, !b decidedly, as part of the composition, 
inharmonious and unsatisfactory. 

In (825) Mr.T. Vaughan gives a tinted view of the interior of the 
celebrated cathedral at Pisa. The point selected for delineation 
is a happy one, as it enables the draughtsman to show the combina- 
tion of bold arches, and their banded and radiating enrichments; 
these being, for the most part, in structural material. The view 
is taken across the transept looking north. Malines and Ant- 
werp Cathedrals furnish Mr. E S. Cole with subjects for two 
charming pictures (827, 828), the former being an interior, power- 
fully treated, especially in the grouping of the crowds of people, 
and the truthfully substantial effect of the building itself. The 
latter is an exterior, as seen down a narrow street, which displays 
the towers and a portion of the lower part of the west front to 
considerable advantage, so that its partial obscuration is of little 
moment In spite of Mr. Spiers' delicate and pretty drawing, we 
cannot bring ourselves to admire the "Chimney-piece for the 
chateau of Blois, Touraine" (830), which besides being in the most 
extravagant style of Renaissance, has not even the merit of good 
outline to recommend it. 

We miss Mr. E. Falkener this year, but his place is worthily filled 
by Mr. F. P. Cockerell, who in (831) gives a delightful restoration 
of the " Street of the Tombs, at Pompeii." In this drawing every 
detail has been well studied and expressed, even to the arrange- 
ment and dress of the mourners and others attendant on the 
funeral procession, which is seen in the foreground approaching 
through the city gate. The colouring is excellent. From dreamt 
in Classic Italy we next come to the stem realities of England* I 
and obsei-ve in (832) a veiy plain bat satisfactory dwelling ,i 
house, of red brick, erected in Berkshire from the design of Mr. 
J. Brooks. (833) is a step in advance, in so far that it is a man> i 
sion rather than an ordinary hous»e, but though evidently founded ( 
on one of the most characteristic of our ancient £lizal>ethaa 
residences, Charlecote, there is a degree of tameness, resulting 
from over-uniformity, which would have been belter avoided. 
The architect is Mr. Gibson. We pass by Mr. Smith's " Memo- 
rial Church, Hereford" (83fi),80 greatly overlaid with cuspings and 
pretty enrichments, to notice a little" NewChurchatSutton, Kent,"* 
oy Mr. Ashpitel (847), which is in the now almost exploded 
Norman style, and withal ^^o truly simple and faithful to some 
scores of old ones, that it might (with the exception of a verj 
paltry hell turret) pass muster for an ancient one itself The 
plan, it will be noticed, is unusual, except in some early example 
of this period: it consists of a semicircular apse attached to, bnt 
not continous with, what appears to be the ordinary rectangular 
chancel. " Christ Church, Pentonville," by Mr. Brock, is nn- 
mistakeably founded upon Mr. Street's new church in CTftrden- 
Btreet, Westminster. 'The tower is all but a copy of this, but its 
effect is disguised, yet by no means improved, ny the addition of 
a lofty spire with dwarf pinnacles at its base. The piers at the 
lower angles do not look equal to the support of tne aaperin- 
cumbent mass. 

The Thames Embankment question, which it is to be hoped is 
at last on the eve of being practically settled, is revived in draw- 
ings by one or two exhibitors. (834) shows the scheme as pro- 
posed by Mr. Henman, jun., and " highly oommeoded" by Her 
Majesty^B Commissioners. However clever and ingenious this 
plan may be, the elevational appearance is far from being pre- 1 
poeaessing. The continuous repetition of ill-shaped, poorly- 
designed blocks of building is monotonous in the extreme, and 
would oootraet moat disadvantageoosly with the varied ontlinrs 
of the existing buildings, which, however irregular and absurd in 
many respects, have at least the charm of nnceasing picturesque- 
ness. Mr. Henmau'a plan may be practically a well-digested one. 
He contemplates securing a clear water-way, averaging at least 
700 feet wide, a quay along the banks of the river, with shallow 
floating-docks for wharfingers, a roadway 80 feet wide for water- 
side traffic, and a continuous range of fire-proof warebooseaj 
adjoining. There would also be an upper roadway 60 feet widef 
on each side of the river, at the level of and connecting each of | 
the bridges, from Westminster to Southwark, with a glazed 
promenade. In the construction of the houses it is proposed i 
that each story should be provided with its separate 8taircas»i 
and a lift, and that each dwelling should be isolated from the 
one adjoining by vertical and horizontal i3re-proof and sound- 
proof construction. (880, 690) is another version of the same 
scheme by Mr. H. R. Newton, who, it will be remembered, ex- 
hibited another drawing of the same serlea IsHt Y'^bx. '^^ah 
primary Inteutioii o? \.\i.«\x ^liVVw Sa Vw uTsgt \>oftX'^5&\is.^«*.^a»ta<»- 
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l>oHt«ii requirementa, Aod partioularlj those relating to 

el embankments of an uniform beicht, 



street 
ti-ftffic, demand medium level 

and consequently his drawings have been studied more witli a 
view to the elucidation of this feature thau the display of any 
special architectural cumpositions in the erection of new buildings. 
A "Soggeated Deaigu for a National Memorial to the late 
Prince CouBort" (842), by Mr. B«llbou«e, is shown to a rather 
small scale, with plan, and a lengthy description complete; but 
the drawing is hong so absurdly above the eye, that nothing 
whatever can be made out beyond the general form, which is 
tliat of an obelisk. Mr. F. Mew, who sends a similar "memorial," 
for Newport Church, Isle of Wight (853), has been more fortu- 
nate, and the drawing he exhibits is in many respects as meri- 
torious as it is originaJ. It may be briefly described as showing 
a mural tablet, between two windows filled with painted glass, 
the whole being inclosed by a border of incised and inlaid work, 
enriched with monogmma, scroll-work, figure outlines, inscrip- 
tions, &C., I^earing reference to the general subject The compo- 
sition ia on the whole a pleasing one, much of this effect being 
due to the weli-aelectcd materials and colours of which it is com- 
poaed. In another different class of works (Cemetery Chapels), 
the selected designs for those at Kugby, by Mr. Bidlake, are 
tinusually good, and are well shown iu the four perspectives, and 
n plan comprised in (846). The best portion is the lodge, which, 
if it has a fault, is that rather too much has been attempted. 
(848 and 868) are two views, interior and exterior, of the " New 
Oarrison Chapel at Woolwich," as being ei-ected from the designs 
of Messrs. T. H, and<M. D. Wyatt It is in the Byzantine style, 
but without any particularly striking features externally. The 
interior ia more original ; it has galleries, and slander iron 
columns are employed to carry the roof, which to our mind is 
the poorest and least successful portion of the design. A little 
more apparent strength, in the construction generally, would 
have improved the perspective effect. In Mr. Bidlake's "Deaiga 
for the New Markets, Chester," he has taken a step in advance 
of the majority of his usually clever productions. It is a very 
simple compos! biou, reiyiug more upon its outline and materials 
(red and blue brick) than Hculpture or carved enrichments. The 
tower in the centre may Ci^peuially be cited as presenting some 
admirable points. We regret that we cnnuot speak so favourably 
of Mr. M. D. Wyatt's " Monument," erected to the memory of 
the late Mr. J. M. iiendel, tlie celebrated engineer. It is of 
granite, and from the nature of this material the chief thing to 
be aimed at in the design should have been a suitable expres- 
sion in forms and proportion only; in both which respects, 
jujcording to our judgment, the author has sadly failed, — nor is 
there throughout a display of anything beyond mere common- 

Slaoe ideas, and these are awkwardly arranged. Air. Goldie has 
nfc 0D« drawing (863), which is a better specimen of his bold 
pen-and-ink drawing than of his powers of design. It is an ex- 
terior view of " St. Wilford's Boman Catholic Church at York," 
and among many very goo<l features are inlera|>ersed several 
doubtful ones, at least soch as to tend greatly tm mar the effect 
as a whole. The next drawing (850), a "Cemetery Chapel," 
erecting by Mr. J. P. Jones, is a shade still lower in merit. The 
design has, if we mistjike not. been exhibited before. The single 
picture exhibited by Mr. Truefitt (857), is a characterUtic one, 
and shows an exterior of one of the numerous villa re.sidenoes 
which he is now erecting, Mr. TrueBtt's especial forte in adapt- 
ibg his designs to his materinU is iu this instance happily evi- 
rlenced; while that over-quaintness, which is noticeable in some 
of his designs, appears only in a subdued degree. 
(To be corulwitd in our tuM.J 



MACHINERY IN THE INTERNATIONAL EXHIBITION, 

1862. 
The Western Anne.i\ 
In our time, that nation which applies the sciences to the arts 
to the best advantage and most economical effect obtaina the 
highest position, and the greatest amount of influence and wealth, 
uud will keep the lead in the march of civilisation. The develop- 
ment of steam-power has much to do in the application of the 
arte, Boilers, the generators of steam-power, are little improved 
since they were first invented. We have an in6nite variety of 
boilers of different arrangements, the subjects of patents, utilising 
bat a comparatively small amount of the developed heat. It is 



to be regretted that steam-engiues in the International Exbibitior. 
are not accompanied by either a model or working drawings o/ 
the boiler adopted. The engines in tlie annexe are put iu motion 
by steam-power obtained (roai a nest of boilers constrocte*! by 
Messrs. Hick, of Bolton, and placed in the rear of the conserva- 
tory of the Horticultural Gardens. Boiler-makers and thoae 
interested in the generation of steam should read Charles Wye 
Williams' work * On Heat in its relations to Water and Steam ; 
embracing new Views on Vaporisation, Condensation, and Explo- 
sions.'* The classiScatiou of the machinery is good; and the 
collection contains many admirable specimens of meebanical 
skill. For workmanship, and, if we may use the term, meekanieal 
cunning, the examples exhibited by John Penn and Son, of 
Greenwich, certainly stand first. In the British end of the annex 
Messrs. Penu exhibit a pair of marine engines (No. 1955), excellent 
exponents of their skili Tliey are on the direct-action principle, 
and are intended for a screw steam-ship. The engines are of 600 
horae-power, manufactured for the Spanish Government. The 
cylinders 78 inches diameter, and 3 feet 6 inches stroke. The 
connecting rods are 9 feet long. Each condenser is provided 
with a double acting air-pump 23 inches diameter and 3 ft, 6 in . 
stroke, being the same as that of tlie piston. Messrs. Penn are 
masters of the science of balancing their inacluuery at all speeds, 
so that the motion of the crank is nearly uniform at high as well 
as at low velocities. These engines are of the same kind as the 
engines being constructed by them of 1250 horse-power for 
H.M.S. Achilles, one of the cylinders of which is also exhibited 
in this dei>artment ; it is a clean casting, well bored out, weighing 
18 tons; diameter, 42 inches; stroke, 4 feet. Near the cylinder 
is a massive wrought-iron crank-ehaft. and connecting-rod, fitted 
complete, with brasses for the same engines. The Warrior and 
Black Prince were furnished with engines of which those of the 
Achilles will be duplicates. Messrs. Penn are also engaged lit 
making two pair of engines for the new iron-sided ships Minotaur 
and Norihomberland. The marine engines (1S91), exhibited by 
Humphrys and Tennant are very compact and neat. This firm, 
by w^hom engines were supplied to the British, Brazilian, and 
other governments, have successfully studied two of the most 
important points in connection with engines for war purposes 
and for screw propulsion in general, namely, the compression 
of the greatest amount of power into the least possible com- 
pass, and have contrived that the engine should be. placed as 
much out of harm's way as possible. The pair of 400 horae- 
power engines (1926) by the finn of Maudslay, Son, and Field, 
for H.M.S. Valiant, is well calculated to maintain the high 
reputation which thiii firm has so long deservedly enjoyed. 
Tod and McGregor hold a high position as engine buUders, 
yet their direct-acting inverted cylinder marine engines (2009) 
show a very poor arrangement for sea-going vessels. However, 
the workmanship and finish of these engines are excellent 

George Bennie and Sons, of London and Greenwich, exhibit a 
pair of marine screw engines (iy64) for H.M.S. Reindeer, of 200 
horse-power, and similar to those of H.M,S. Perseus. These en- 

Siues possess great strength, uud are well calculated for effectivB 
ard work and loug voyages. The Messrs. Rennie are represented 
in other classes to be i-eferred to hereafter. Messrs. Fairbaim and 
Sons, of Manchester, exhibit a locomotive constructed for the 
Midlaud Fiailwuy Company. Tbo boiler is composed of thick 
edged plates, double rivettcd; no angle iron is used, the barrel of 
the boiler being Qanged where attached to the tube plate. This 
engine was desiguetl by Mr. Kirtley, Engineer of the Midland 
Railway Company. The Lilleshall Company, Shiffnal, Shropshire; 
the London and North-western liailway Company, together with 
a locomotive engine and tender, bring forward an ingenious appa- 
ratus, invented by Mr. RamsboLtom, for supplying water to ten- 
ders whilst in motion. The plau has been in daily o{)eration on 
the Chester and Holyhead Railway since it was first adopted in 
the winter of 1859-60. Various quantities of water, from 1400 
gallons downwards, can be fished up at .speeds ranging from 22 to 
60 miles per hour; the iirrangement has the effect of reducing tfaa 
dead weight of the tender about 6 tons, equal to the weight of a 
loaded carriage. We must not pass the little locomotive engine 
of JEaaning, Wardle, and Co., of Leeds; it is designed for 
mineral ti-affic at iron works, collieries, &c., and will go round any 
curve where an ordinary railway waggon will pass. It ia also 
well adapted for contractors' purposes; the wheels being small, it 
will ascend steep gradients. The wrought engine and carriage 

*S(« reviewi of thb work In the volame of Uie Jintmol far IBCO. Mn tT8L aad 
Toloio* for isei, pagM » Aud BS. • r-* «• 



awi.isn] 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



159 



wheeU, stamped, of William Owen, of the Phcenix Works, 
Boiherham, we ptrrpoae Doticing specially hereafter, Although 
the tooomotivea placed in the EKiiibttlon are admirable specitueus 
<i( the progress and improvemeuts that have been made in 
railway ecoDomj daring the last 10 or 12 years, and reflect 
csradit on the companies and firms who have manafactured and 
•est them to the Exhibition, yet the lug principle is not fully 
carried out in any of the locomotive engines exhibited. The 
proper disposition of permanent lugs or stops to relieve the stniins 
and shocks on the bolts, and to sustain the action and reaction of 
the working parta, should be attended to with great care by loco- 
motive contractors. In the boilers exhibited there is scarcely an 
improvement worth mentioning. The models of Harvey and Co.'a 
aingle acting condensing engine (1S80) on the Cornish principle, 
and of a safety- balance valve invented by W. Husband, although 
not new, deserve attention ; the engine was erected by Harvey 
and Co., Hayle, Cornwall, and the Haymarket, Loudon, for the 
East London Water-works Company, at Lea Bridge. The 
cylinder is 100 inches in diameter; working stroke, 11 feet. 
The pump i.^ a plunger, 50 inches diameter and 1 1 feet stroke. 
This engine, when working full power, piimps 900t^ gallons of 
water a minute, usually 140 feet high. In 18.58 Harvey and Co. 
erected for the Sotithwark and Vauxhall Water Company at 
Battersea a pumping-cngine, the cylinder of which is 1 1^ inches 
diameter, weighing 3(j tons. It is said that the total quantity of 
water pumped for the supply of Jjoudon daily amounts to 116 
million gallons. Of this large amount it is stated that 79 million 

EUons are pumped by single-acting engines. Harvey and Co. 
ve had great experience in the manufacture of machinery for 
stamping and crushing ores. Among the hydraulic machines, 
the steam fire-engines in the western aune.\e hold a high place, 
These maehines are unfortunately placed in corner) where it is 
difficnlt to observe their merits. The American steam fire-engine, 
forwarded by Mr. Hodges of Ijambeth Distillery, is very complete. 
Messrs. Shand and Mason, Messrs RobertA, and Messrs. Merry- 
weather, stand well in this department. The experience of the 
managers of the fire-brigade of the metropolis for the past year 
or two, and the recent report of a select committee, cleariy show 
that the engines, stations, and staff of the London Fire Brigade 
are totally inadequate to the efficient protection of life and pro- 
perty from fire. 

Mr. Martin's patent rocking furnace-bars, for land and marine 
purposes, are exhibited in No. 192.'). A furnace fitted with these 
ban a easily managed ; the bars are easily moved by a lever, 
and clinkers and impurities are removed. We cannot see what 
ubject W. and A. McOnie, of Glasgow, have in view in exhibiting 
one of their SO-horse power high-pressure steam-engines. We 
are anable to find anything novel in either their sugar-cane mill 
or ataam-engine. Mr. Macord exhibits (in No. 19iJ2) machines, 
tools, and ntcnsil.H used for bottling wine, spirits, and beer. 
Macord's apparatus for bottling wine is the best in use: the 
sjphons are fitted to the cistern with hinge-jointa, one pin forms 
toe oeatre of all, they may be removed and replaced without un- 
screwing or screwing; they are also made so that one Bet will 
anvwer both for pint and quart-bottles. We cannot pass without 
remarking C. A. Preller's machine driving-belta (No. 1059), for 
transmitting power, made of leather prepared in a pecnllKt 
manner, combining strength with suppleness. By experiments 
tuade in Woolwich Dockyard, it has been ascertained that 
Preller's leather belt is at least 60 per cent, stronger than tanned 
leather; and hence superior to all substitutes for leather. 

Bavenhill, Salkeld and Co., of Ratcliff and BbckwuU, exhibit 
«ome very fine models of engines. The first (1962) is a model of 
the engines of the Holyhead mail packets, Leinster and Con- 
naught, each of 7"20 nominal horse-power. This model shows an 
application of the oscillating cylinder to the largest das-H of marine 
steam-engines; each cylinder 98 inches intern^ diameter, weigh- 
ing when finished iipwards of twenty tons; the condenser i'2 
tona The engines were fitted with 8 lubnlar boilers, having 4i> 
fhmaoes and 4176 tubes, giving a total length of four and three- 
qaart£r miles of tubing; and the vessels attained an average 
speed at the otTicial trial in Stokes Bay of 18 knots, or 21 miles 
an hour; the engines exerting an indicated power of 4751 horses. 
The second is a model of engines of 600 nominal horse-power, with 
horizontal cylinders and double piston-rods, for screw propellers, 
i»uch at( ait) fittwl by Messre. Raveuhill, Salkeld and Co., for 
Her Majesty's 90-gun line-of-battle ships. The third is a model 
of engines of the same power as the second model, but arranged 
f«ir suriace coudeusatiou. The fourth model shows a marine 



steam-engine, with inclined oscillating cylinders, designed for 
vessels having a small section with considerable rise of floor. 
Engines on this plan have been constructed by the exhibitors 
up to 240 nominal horse-power. No. 19G4 is a working model 
of a marine condensing engine for screw propeller, high and 
low-pressure, with sor&oe condenser, by Messrs. George Reiiuie 
and Sous. We have no doubt that these engines will work 
well ; they are fitted with improved centrifugal pumpe for 
circulating the water in the condensers. Messrs. Rennie state 
that engines on this principle, fitted with boilers in propor- 
tion, apparatus for superheating the steam, and feed water 
heaters, can be made to consume not more than 2 lbs. of coal per 
indicated horse-power; however, the mode of obtaining this result 
does not appear. Mr. J. Scott Basaell gives (1970) a three cylinder 
marine steam-engine, of lOO horse-power, working expansively, 
with variable cut off surface condensers, willi india-rubber pack- 
ing; diameter of cylinder 30 inches, length of stroke 3 feet. 
Captain Fowke'a patent military fire-eugine, made by Shand 
and Mjison, for Her Majesty's War Department, is au unpromis- 
ing affair. B. D. Taplin and Co., of Lincoln, manufacturers of 
steam fire-engines, and of traction engines in general, would do 
well to employ Fisher's elongated springs now applied to the 
New York steam fire-engines of Messrs. Jjee and Larned. We 
step aside to notice the feed-water regulator, indicator, and alarm 
for steam boilers (2028) of Francis Wise, of Buckingham-street, 
Adelphi. If foaming and scale did not interfere, this simple 
arrangement, with a float within the boiler, and without the use 
of stutliug-boxes, cocks, or other complexities, would regulate 
the action of the feed pump, indicate the water level, and, should 
the latter fall below a certain line, sound an alarm. We cannot 
see how Mr. E. T. Wright (No. 2032), gains forty per cent, 
additional strength by constructing a boiler with diagonal 
aeams. 

The iron semaphore railway signals and compensating signal 
wire apparatus oi Messrs, Stevens and Son, Darlington Works, 
Southwark, answer every purpose for which they are designeti. 
They are complete, Aad may take their place in the front rank 
of modern improvements in railway appliances. One of these 
signals acts for both 'up' and 'down' lines by day and nighu 
They are the moiit durable and effective signals in use; and, 
although invented recently, are now adopted on many of the 
lines in the United Kingdom, India, and Australia. Being 
made of open ironwork, they are not affected by violent gales, 
while the strong caat-iron base renders these signals secure, and 
not subject to decay, unlike timber siguaU. The patent wrought- 
iron distant signal of Messrs. Stevens and Son, fitted with 
Brydone's candle signal lamp, are fixed in many instances 180O 
yards from the railway stations, and worked at that distance 
with ease and certainty. The compensating pullover level, with 
ratchet weight and chain, are employed to work the auxiliary 
signals at a distance from the station, the lever being fixed on 
the junction platform. The advantage of these over ordinary 
levers is, that by means of the ratchet balance-weight and rack 
fitted to the lever, the expansion or contraction of the wire 
through the variations of temperature is compensated for. It 
is desirable to have an efficient apparatus to show when the 
shifting-rail or point is open or shut; the indicators of Messrs. 
Stevens show most distinctly by day or night the state of the 
points. By day the disk divides, and by night the lamp placed 
at the back of or between the disk or disks, shows a red, green, 
or wliite light 

At present we are compelled to pass, in the western annexe, 
many effective machines, which we shall take an early oppor- 
tunity of describing. Cotton machinery is extensively repre- 
sented by Messrs. Dobson and Barlow of Bolton, and by Piatt 
Brothers and Co. of Oldham. The cotton working machinery' 
of these firms reflects great credit upon the proprietors, who 
must have gone to great expense to set their machines to work 
in London, and to support a numerous sLaff to work and attend 
to them The cotton machinery of Messrs. Ilotherington, of Uu' 
Vulcan Works, Manchester, is not inferior to that just men- 
tioned. There are also exhibited a Large number of engineering 
tools, drills, planers, slotting, sparing, chipping, trimming, and 
turning machines, nut and bolt machines, wneel cutting machiue$<, 
lathes, file and rasp machines, &o. 

{To be continued.) 
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ARCHITECTUBAL DRAWINGS AND OBJECTS AT 
THE INTERNATIONAL EXHIBITION, 1862. 

The objects and drawings of interest to an architect are of 
aecetwity widely dispersed in various parts of the bailding. Of 
the raw materials which he employs, some are to be found in the 
" Mining and Quaun-ving products " of Class 1, others among the 
" Vegetable Substances used in Manufactures " of Clnas 4, and 
others again among the glass and potterv of Classes 34 and 35. 
The building and engineering contrivanoes form a class of them- 
•elvea, the architectural drawinxa and models are again separate; 
and lastly, when these various objects have been hunted up 
and examined on the British side, the visitor will find through- 
out the foreign side similar objects scattered about in various 
localities and among the contributions of various countries. 

We propose in the present notice to refer to some of the 
more prominent articles on the British side showing architectuml 
design, leaving out for the present the specimens of tiles and 
■tained ginss, the building materials and contrivances, and the 
foreign contributions. Of these articles some are situated in the 
nave and east transept, some in a "Medieval court" on the 
north side of the nave, mixed up with and catalogued among 
articles of furniture in Class 30, and the remainder in a series of 
bars east of the southeast transept. Thej include specimens of 
nphoLrtery work, hangings, stone carving, and metal-work, and 
taken together exhibit a remarkable degree of productive skill 
in these depArtnients. The place of honour must undoubtedly 
be pven to Mr Skidmore's screen for Hereford Cathedral, this, 
■which is entirely of metal-work, Gothic in character, and executed 
from Mr, Scott's desigo, is fixed in the centre of the transept, and 
forms almost, if ijot quite, the most artistic single object in the 
whole Exliibition. The skeleton or ground-work of the screen 
i« simple and bold euough, an arcade of five pointed arches, the 
centre one wider and loftier than the others, and surmounted by 
a pediment finished by a cross, having a horizoHta! cornice run- 
ning over the side arches which is broken through by the central 
pediment. The lines of the features here described are strongly 
and firmly defined, and the eye grasps them in a moment — not- 
withstanding the almost endless elaboration of the ornamental 
details superadded; and in the good proportion and simplicity of 
these leading forms, and the vigour with which they are marked, 
lies the source of a great portion of the beauty of the work. The 
large arches are subdivided each iutn two smaller ones by inter- 
mediate shafts carrying a ciisped fiUing-in of open-worL The 
lower parts of the openings are filled up with an elaborate grille; 
the capitals, cornice, traceries, finiols, and crockets, are elaborated 
with the moat perfect workmanship and design, and as a crown- 
ing finish there stand, supported on corbels above the main 
capitals, exquisite figures of angels, while the central gable is 
enriched by a figure of our Saviour occupying an open panel 
of the vesica piscis form. The materials employed are principally 
iron, bright brass enriched by coloured inlaid work, and beaten 
copper; and the beauty of the work is enhanced by the judicious 
colouring given to the parts which are painted, in which a refined 
variety and contrast is carried out to a very great extent without 
destroying the harmonious effect of the screen as a whole, but on 
the contrary contributing to it. This is justly a work to be proud 
of, as showing a capability for production of works of metal work 
such as has been lost since the middle ages. There is, however, 
one cause for regret, in the fact that the endless variety found in 
ancient work of the same sort is not to the same extent present 
here; true, the repetition of the same flower, or the same panel, time 
after lime, in a work of this sort enables it« expense to be brought 
within the compass of comparatively ordinary outlay; and to 
carry nut to the full the utmost amount of variety and novelty 
of design in small parts a^ might have been possible, would have 
added greatly to the cost of the work, and doubled or trebled 
the time of producing it, without increasing the effectiveness of 
the screen taken as a whole; still, this w.is wanted to make the 
Hereford Screen as perfect as most examples of the same nature 
executed in Medieval times. 

Near the screen are a \'ery fine gas corona and two gas 
standards, executed to accompany it. The corona is bnng so 
high M to defy scrutiny, in fact almost to escape observation, its 
general form is very go id, and its enrichments seem equally 
succes-sful with those of the screen. The standards are noble 
and simple, but rich. 

The next moat important piece of ornamental metal work ex- 
hibiced ooatuta ot » 6ne pair of park gates, fixed in the nave; 



they are manufactured by Messrs. Bernard, Bishop, and Co^ 
Norwich, but the name of the designer is not stated. Tb< 
gates are not Medisaval in character, but are almost, if not i_ 
AS perfect in workmanship as the screen just referred to; theyi 
however exhibited at every possible disadvantage u r^gmi 
colour, for not only is there no variety in material, or variatic. 
in tone of colour, but that colour itself is a very inappropriat 
iuky tint, singularly ill-choseu to show off a work of art Th 
design of this work is not so masterly as in the last instance, b( 
still it shows an intimate acquaintance with the properties 
capabilities of iron, and its carrying out shows the existence • 
remarkable body of skilled workmen. The thistles in the upp 
part of the work may be instanced as specimens of beaten worl 
of the highest class. 

Near Mr. Skidmore's work stands a sort of trophy, oocnpie 
by the contributions of Messrs. Benham, Hart, Feetham, 
Bailey. In the varied displays by these four eminent mani 
turera a large amount of taste and executive skill may be tra 
and especially is this the case in the Medinvid work sent 
Messrs, Benham and Messrs. Hart. Altogether this part of i 
display of metal-work is moat admirable, and belonging as it dc 
to varied styles, and especially to those beat periods of Gothlfl 
art which can never fail to retain their hold upon all i 
minds, these specimens will probably receive, as they i 
seem to deserve, more observation than many of those 
yet lemain for us to notice. 

Passing now to works executed in other materials, we 
unquestionable indications of great skill in the artificers, an^ 
origiuality on the part of the designers. The works in th4 
Mediaeval Court already referred to, and which was under 
especial care of the Eccleaiological Society, present an asi 
which strikes a visitor as contrasting strangely with his reool 
tions of the medieval court of ISSl. The objects exhibited 
to a great extent cabinets, buffets, book or organ-cases in wo 
and portions of the carving or sculpture of such features 
churches as a reredos, pulpit, or font m atone or alabaster. ~ 
art seems in the eleven years ' that have elapsed to have 
back almost half that number of centuries, not in execntiottl 
in style, so that the foruis here exhibited are many of tbe 
really archaic, while the inspiration of nearly all of them 
been drawn rather from continentai than English sources. 1 
this has for some time past been the tendency of English Ootbio ] 
has been obvious enough, but the strangely uncommon, we had]" 
almost said uncouth, aspect of much here impresses the &ct 
very forcibly on the beholder. Whether all our Gothic work 
will turn to Romanesque of the most primitive type might be 
almost a subject for speculation to a spectator of this court, were i 
it not for his recollection of such objects as the Hereford Screen,! 
and of such di-awitjgs as those, for exanmie, of Mr. Scott's' 
Foreign Office, or Mr. Waterhouae'a Assize Courts. 

It will interest lovers of art to examine the painted cabinets 
of Mr. Bui|^ and the inlaid ones of Mr. Shaw, Messrs. j 
Prichard and Seddon, and other similar works: but it may bs' 
fairly regretted that all the works in this court are so similar to ■' 
one another in type, and that that typo is neither the noblest 
nor, we venture to think, the most commonly employed and 
appreciated by those who love and follow pointed art. 

Leaving for the present these articles, which are not however ^ 
by any means exhausted, the British architectural drawi 
seem to claim a moment's attention. Of these there is a 
collection, very few architects of distinction being unrepr 
while the collection gains very much in importance from 
that the majority of the drawings represent executed works. 

We have here the drawing by Sir Charles Barry, showit^ im-- 
pmvemeats in coDueciinn with the Government Offices, \midlj 
nttracled is» much attention at the time of the great competiVoD.' 
This drawing ia uuderatood to have been executed entirely byJbis 
own hand, and it and a series of sketches in the East, also exM*'^ 
bited, will show how well deserved was the repntation for ct 
Hummate draughtsmanship that he possessed. A modest selectioz.. 
from his executed works, including the PaUoe of Westminster 
and Bridgwater House, ia also exhibited. 

Sir Charles's sons are large exhibitors. Mr, Edward Barry 
sends his tine Schools in Endell Street, and his Leeds Grammar 
School and other drawings. Messrs. Banlu and Barry exhibit, 
with other works, their fine but nnsaooessful design for the 
Manchester Assize Courts, and their design for the Government 
Offices, to which tbe second premium was awarded. Mr. Scott 
exhibits his designs for the same work, which, nnbappity, he has 
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obliged completely to modify. These ai-e, perhaps, the 

t architectural drawiDgs shown, though they are possibly 

Uie best designs among the series sent by Mr. Scott, a 

•eiiei which includes his Hamburgh Church and Hotel de Ville, 

his Doocaster Church, a restoration of the Chapter House, West- 

uunat«r, and several other works. 

Another series, remarkable for beauty of drawingand for fine 

'oaring, is that exhibiterl by Mr. Owen Jones. His Palace of 

^ People, designed for Muawell Hill, his St. James's Hall, and 

Iiis design for the Manchester Exhibition, are all works that show 

a powerful and fertile imagination and a profound knowledge of 

coloor, while as specimens of masterly drawing they aro worthy 

^all attention. Special interest attaches to the " Design for the 

iration of the Great Exhibition Building, 1851," as a record 

had been his intentions bad they been fully carried out, 

as a contrast to the dull commonplace effect of the building 

which the drawing itmtf is huug. 

""x. Digby VVyatt, who baa been associated in many works 
I Mr. Owen Jones, sends a somewhat similar contribution. 
drawings are more numerous, but smaller for the most part. 
J mostly represent executed works, and some of the best are 
Fine Art Courts, and the Screen from the Crystal Palace. 
e stadies, sketches, and designs for decoration here given are 
OBt valuable. 

Professor Smirke sends but one drawing, it is, however, 

'k of great beauty, showing the application of various 

ptions of coloured materials to polychromatic decoration; 

[••nd with it deserves to be classed two exquisite drawings 

contributed by Mr. Penrose, to illustrate the polychromatic deco- 

xation of St. Paul's Cathedral, 

Mr. Newton exhibits a very fine drawing of London from the 
Tiotoria Tower, illustrating a proposition for the Embankmbutof 
Ihe Thames ; and the same subject, though not from the same 

Joint of view, is taken by Mr. C. F. Haywanl, who also contri- 
Utes a series of designs and executed works. 
Mr. Street \a an exhibitor of several drawings; and, we need 
budly add, that both original design and excellent draughtsman- 
■bip are to be found abundantly ilisplayed in his contribution. 
It M, however, desirable to direct attention tu this series uf draw- 
fags, because from their quiet style they may some of them escape 
notice among the more brilliantly-coloured works that hang near 
(hem. 

Special attention should also be given to the designs, by Armi- 
•teed, of sculpture to decorate a mansion recently erected by 
Ifeasrs. Pricbard and Seddon. For a happy combination of 
medisval art with modern details and forms, and for adaptation 
to decorative purposes, as well as for spirit and power, these are 
some of the most remarkable works exhibited, and we hope to 
find the some pencil and chisel engaged on other works of a 
similar character. 

Some of oar best oonntry architects sends drawings of great 
baaaty ; thus, Mr. Waterhonse, besides other works, exhibits an 
exterior and an interior of bis Manchester Assize Courts ; aud 
ICr. Cuthbert Brodrick his Leeds Town HiUl and the Town Hall 
at Hull ; but any one acquainted with the works now in hand or 
completed within the lost few years in the North of England 
ctnoot help regretting that a large number of the leading pro- 
vincial architeccs are not exhibitors ; stUl it is a somewhat proud 
reflection after all, that the fine gallery of which we have only 
mentioned a few of the very promment omamenta, does not con- 
tain anything like all or even a fair proportion of the greatest 
works executed within the last twenty or thirty years, or even 
executed since 18A1, in Great Britain. Notwithstanding this we 
haw, however, we hope, said enough to justify us in claiming 
attention to the collection of drawings as one reflecting creiUt on 
oar architects in general, and exhibiting also great talent in 
H^dnoghtsmanship. 
^^H We cannot leave the architoctaral gallery without remarking 
^^BthMt many of the most accomplished exhibitors will have cause 
^^■m long as they live to recollect the skill, or the want of it, ex- 
^^^Bibtted in the construction of a building about which no one of 
■ their profeeaion was consulted; for a large number of the finest 
B drawings are swollen, creased, and mildewed, owin^' to the damp- 
ly sets of the wall against which they bang ; and should there be a 
wet season, will in all probability be returned to their owners 
completely spoiled. 



THE ECONOMIC CONSTRUCTION OF GIBDERS. 

(Contiiwaed Jrom page 1 51 . j 

SiNCB writing the last article on this subject we have calculated 
the practical weights of several other forms of openwork girders 
of similar propurtiouR to those already given, and as several of 
these new forms possess considerable economic merit, aud the 
whole will form a pretty complete investigation of this particuhar 
group of girders — having a depth equal to one-eighth of the span, 
the roadway divided into eight bays, the fixed loading equal to 
half a ton, and the movable loading equal to one ton per foot nm 
— it is desirable that the calculations of these new forms should 
also be given in detail, aud the results for aJl the forms coUeeted 
together in one table. 

We group the results under the two distinct cases of the road- 
way platform being placed — 1st, at or above the level of the 
upper boom uf the girder: and, 2nd, at or below the level of the 
lower boom. We advisedly omit the case of the roadway being 
placed at the level of the neutral axis, such a positionmost generally 
entail the employment of mnch extra material, and has nothing 
to recommend it, at least when openwork girders are employed. 

Although the table of results shows that the girders taken 
alone may be made decidedly tighter for the second case than for 
the first, yet for various economic reasons, the first arrangement, 
or that in which the roadway rests on the tops of the girders, is 
to be preferred, when the the choice can be made. Of these 
reasons for the preference we may mention the following: — Krsi, 
lightness of the transverse girders; when single principal girders 
are used in a railway bridge, one being placed immediately 
beneath each rail, transverse girders may be got rid of altoge- 
ther, without the use of unduly thick planking; and when the 
when the girders are double ones, or each capable of supporting 
one complete line of railway, the distance between them, or the 
length of bearing for the transverse girders, may be only 1 L or 
16 feet; whereas, in the case of the platform being at the lower 
boom level, the lengths of bearing for the transverse girders 
must be respectively about 14 and i^ feet, according as single or 
double principal girders are employed. The second reaeoa is 
that free scope is allowed for the introduction in the best manner 
of the necessary horizontal and transverse bracings; with the 
consequent lightness and perfection of action of these elements of 
the structure. The third reason is, that with the roadway at 
the top rather than at the bottom level of the girders, the total 
height of the structure is less by a length equal to the depth of 
the ginler. 

There should then, when economy and exceileuce of construe- 
tion are cou.siciered, be no hesitation in adopting the first arrang^^- 
ment, whcuever the circumstances admit of it. But verr fre- 
quently this cannot be, as the arrangement would not allow of 
sufficient headway beneath the girders far the reqairementa of 
the road or river bridged over. 

When constrained to place the roadway platform at the lower 
level of our girders, it will be a source of great advantage if we 
can have these so deep that the upper booms may be connected 
together overhead by a horizontal bnu;ing; for iu the absence of 
such a connection, a considerable addition of material in the 
upper booms to prevent lateral warpiugs and consequent failure, 
would be demanded. But with the girders we are considering, 
or others of great proportionate depth, it will only be for trifling 
spans that this knitting together of the two booms cannot be 
managed. By attaching the transverse girders so that their 
tops come in contact with the ander surfaces of the tie-booms, 
a clear height above the rails and below the upper horizontal 
bracing, equal to the depth of girder for calculation, may be 
readily secured: so that with girders eight depths in span, we 
may use the connected arrangement, although the span be even 
somewhat less than 120 feet. And for spans considerably less 
than this it may still be advisable to adopt this tubular arrange- ' 
ment, by retaining the necessary depth of girder; for instance, 
for a span of al>out 90 feet, we conld have the depth of girdtr 
equal to one-sixth of the span. 

When the sr^ans and consequently the depths are great, aud 
the road at the lower-boom level, a light line of horizontal 
bracing may be run &long the nentral plane, or near to it— tbia 
will add greatly to the stinness of the struts of the web, so thac 
the allowance of metal (a) given to them may be consideraU/ 
reduced. In fact, with such a support againet lateral bending, 
and the support in the plane of the girder affoided by the cKoe- 
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ing ties in the first form of girder, the lengths cf the strnta of 
the bracing would be virtually reduced to one half. 

For either positioa of the roadway, it will generally be beat to 
^ kdoptoue of those forms the reaulti for which are given in the 
'tatt column of Table XXXII. For with such the piers need. 
Dot be carried up beyond the lowest member of the girder. 

It may here be proper to give some further particulars of the 
principles on which the values of the factor a for the various 
part^ are assigned; particularly as these may not be thought 
very correct by some readers. And it ia for this reason that 
the calculations are given in sucli detail, that the results with 
other values of a (either more correct or in accordance with the 
pmctice of other constmctors) may be readily computed. 

The general dimen-sions and character of the sections of the 
booms will be chosen with reference to the greatest stress to be 
borne, which is here at the midspan; and this most lead to a large 
exceas of metal being given to the leas strained bays, so much so 
that in the girders we are considering the extreme bays may be 
taken aa not reducible below the fallowing pei*centagea of the 
strongest or central bays when a proper regard is paid to firm 
and durable construction : — for the sectional area of the extreme 
bay of the strut-boom we give about 66 per cent of the section 
at the midspan, and for that of the extreme bay of the tie-boom, 
about 35 per cent, of its central scctiou. 

Then with regard to the struts of the bracing— the sections 
of these have in a general sense been taken from actual fabrics. 
It may be noticed in the first place, that when the vertical com- 
ponent, V, of the stress is the same for a perpendicular as for an 
oblique brace, the value of a has been chosen the name for each; 
the reason for this being that the actual stresaes (= V sec ff) in 
proportion to the lengths are the same. Such a rule would not 
be correct were the struts all of solid section, nr all of exactly 
similar sections, bnt when thestra ts are built op of plates and angle 
irons, the rale is, within reasonable limits, practically very near to 
the truth. Again, if we take the case of a strut, say strut A of 
Table I., which receives support in oM direction only, from the 
tie H, crossing and being attached to it at its middle, we find a = 
"00060; then turning to the similar strut A of Table XV., which 
receives no such support, we yet find the value of a still = "00060, 
the reason for this is that the latter strut has to carry a stress 
whose vertical component is equal to 10^ units, whereas the 
former stmt has a value of V equal to only 6 units; the sectional 
areas will therefore be in these proportions, and it is assumed 
that the excess of section in the latter will be sufficient to make 
up for the loss of assistance from a crossing tie. 

If the depths of the girders were red need from one-eighth to 
one-sixteenth of the span, the lengths of the braces and of the 
bttys would he reduced by one half, and the stresses in the booms 
wonl<l be doubled. Such changes would indicate a reduction in 
the values of a for all the struts (although the allowance for 
extra length in the braces might require to be increased), and 
from the stoater section that could be used for the upper boom 
it« end bays might be reduced in sectional area, to say 60 per 
cent, of the central ones, and the end-bays of the ties to one- 
third. We have run out the calculations for such girders — but 
neither the details nor results are of sufficient interest to caO for 
their being given here. The results are, indeed, only what might 
have been predicted — viz., the weights of the booms rather less 
than the double of those for girders of doable the depth, and the 
weights of the webs rather less than those for the deeper girders. 
Further, the influence of the value of 6, the angle of inclination 
of the braces, is augmented in affecting the weight of the web 
io each example, but aa the web constitutes only about one-fifth 
the whole weight of the girder, instead of one-third as in the 
' '^eoper forms the importance of an apparently oansideiable saving 
;,«n it i.s greatly reduced when estimated aa a peromtage over the 
'Whole structure; thus, in the examples having a depth of one> 
eighth of the span, a saving on the web amounting to IS per 
trni. would represent a saving of 5 per cent, on the complete 
^Trder, but when the depth is only one-sixteenth of the sjnui, to 
produce this saving on the whole girder would require the saving 
on the web to amount to 25 per cent. 

When the girders are single, »>., only calculated to carry a 
noveable loa(riDg eqtial to h^ a ton per foot run, and at the 
vame time the span is moderate, a marked addition must he 
made to the values of a for the struts, particulai'ly in those of 
the web. From this it will be seen that single girders when of 
Bioderate spaa must weigh considerably more than ludf the oor- 
rvspondlng doable ones; it ia therefore advisable where prac- 



ticable, as in the cuse of the roadway being at the tipper level, 

to employ two double girders in preference to four or more 
single ones. For very long spans, the preference, for varioua i 
reasons may, on the contrary, be given to single girdenu 

We may now proceed to describe the various forma of girder 
the results for which are contained in Table XXXIL, and to 
give the details of the remaining calculations. 

The first, second, third, and fourth forms have already been 
described in the former paper. 

The fifth form is a frame with a single series of braces, or what 
is known as a warren-girder, commencing with a tie-braoe, and 
with e = 26° 34' throughout. 

The sixth form is also a warren-girder, with the same valne of | 
6, bnt commencing with a strut. It should be observed that for 
these two forma, when the roadway is at the lower and at the 
higher levels respectively, the distribution of the loaded point* 
along the span be^mes ditferent from that in the other examplee, ^ 
and the amount of loading due to each of the extreme poL 
only three-quarters of that due to each of the others; this, 
been shown in a former paper, gives rise in itself to Bom« cl 
in the general results. 

The seventh form is identical with the third, except that the 
tie H of the third is replaced by a strut A introduced in th« 
other diagonal of the end quadrilateral compartment, and tha 
vertical strut A of the third form is oonvertad into the vertical 
tie H of the seventh. 

The remaining forma are modifications of the preceding seven, 
made in order to suit them better for the particnlar oaata 

The eighth form Is the first modified, to carry the road at the 
npper level, aud also to deliver the load at that level to the piers. 

The ninth form is the first modified, to carry the load at the 
lower level, and to deliver it at that level to the piers; this gives 
the most economical of all the arrangements, although not much 
more so than the fourteenth form, which further, from having 
the stmts of the web at right angles to the booms, may offer 
some constructive facilities. 

The tenth form is the third modified, for an upper load, and an 
upper bearing on the piers. 

The eleventh form is the fourth modified, to carry the roadway 
at the lower level, and to have its bearings on the pien at that 
level. 

The twelfth form is the fifth or warren form, hung at the upper 
angles, aud with the end pillars and extreme half hays of the tie- 
boom omitted. 

The thirteenth form is the sixth, bearing on the piers at the 
lower angles, and with the end pillars and extreme half bays of 
the top boom omitted. 

The fourteenth form ia the seventh, modified for a load at the 
lower level, and a bearing on the piers at that level. This form 
possesses great economic merits, and may be looked upon as com* 
peting with the ninth for the first place, for the case of the road- 
way being placed at the level of the lower boom, aud when there 
is to be but one span, or no connection with other spans over the 
piers. For the case of the roadway being placed at the level of 
the upper boom, the first form must still be regarded as holding 
the first place, whether for bridges with separate or conne^d 
spans. 

First Form. 




Third Konu. 




Foni-th Form. 
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Caltuiation* of the Weight of Iron in the Bradngn and end Pillart, 
and in the Boonu of the eeveralformt of Oirder, 
The onit of leoffth ifl taken equal to the depth of the girder, or 
to ooe-eighth of ue epon. 

The unit of stress or load is t&kea equal to otxe-^ighth of the 
total dead weight, or to one-sixteenth of the whole movable 
IcMuliDg that may be brought upon the girder. 

The meaaore of the weight oJf iron in any part, as g^ven in the 
.tables, is equal to the greatest etresa that may act upon it multi- 
k plied fay it« theoretic^ length in the above units, and by the 
Uctor a; and this in the case of a brace will be = V Bec*d, 
L.where V represents the vertical component of the stress, and 6 
[the angle which the brace forms with & vertical line. 

The actual weight of iron in any brace or bay in tons will be 
^btained by multiplying the representative number in the table 
tfj the product in feet-tons of the unitfl of length and stress. Far 
the whole weight of the web or booms of a girder we must 
further double the results in the tables, since these are given 
for only half the length of the girder; or as explained before, we 
moat multiply tlie tabular number by tho square of the depUi of 
^thesirder iu feet, to obtain the weight in tons. 

Tae (slculatioas for the first four forms have already been 
^givea. 

Thk Fifth Foru, vsith the loadiitg at the upper level. 

Tabl* XVIU. The Web. r 



Lower Boom. 
I8t Bay (i) 



Brace. 

A .. 

B ... 

C .„ 

D .. 

B .. 

r .. 

G . 

H .. 



a. 

■00060 
•00067 
•00077 
•00090 
•00046 
•00045 
■00045 
•00045 



V. 

10-60 
7-76 
fi'25 
300 
300 
6-25 
7-76 

10-50 



8ec»fl. 
1-25 
1-26 . 
1-26 . 
126 , 
125 , 
125 . 
1-26 
1-25 



Weight. 

,. -00787 
,. -00649 
.. -00605 
.. -00388 
,. -00169 
.. "002»5 
.. -00486 
.. -00591 

-08770 



1m a tie ... 
I Ma strut... 



•00060 



0-00 
12 



1-00 ... 00076 
1-00 ... -00730 - 

Table XIX. The Boomi. 
{N.B.—Eaofa ordmary bay is one unit long). 




Ujiper Boom. 
iBt Bay 
2 
S 
4 

Lower Boom. 
itt Bay (i) 

S 

4 

6 (4) 



a. StreM. 

•00160 5-25 

•00070 14-26 

•00060 20'26 

•00066 28-26 

«> 0-00 

•000 10-60 

•000 18-00 

■000 22-60 

-000 24-00 



Weight. 

-00840 
■O0»97 
•01215 
■01279 

■04331 

-00189 
•00473 
•00810 
•01012 
•00540 



0-750 1-00 

aitnit 00060 11-260 l-0« 

Tabu XXI. The Booms. 
ITppar Boom. a. Stress. 



i I M a ta« 



Tbm. Fi?th Form, with the loading at the hmer 
Tablb XX. TIio Web. 
Brace. a. V. Sec»». 

A -00062 9-094 1-25 

B -00070 6-469 1-26 

C -00080 4-094 1-25 

D -OOllO 1-969 1-25 

E -00046 4-09S 1-26 

P 00045 6-469 1-26 

G -00046 9-09S 1-26 

H -00046 11-260 126 



levd. 



■03024 



lit Bay 



•00162 
•00070 
•00060 
■00055 



6625 
14-625 
2e-rt85 
28-626 



The Booms m before = 



•07300 



Weight. 
-00705 
•00566 
•00410 
•002T1 
•00280 
•00864 
•00611 
•00633 

•0S69O 

•0OO8O 
■00675 

Weight. 
-00855 
•01024 
-01238 
-01299 

•04416 



<i) 



•00046 
•00046 

•00046 
■U0045 



0*000 
10125 
17625 
22125 
23626 



W«ght,, 
■00188 
•0046C 
•00798 j 
•00998' 
■00681 

•02962 



TBI Sixth Fork, M/Uh the loading at the vpper levti. 
Tablk XXJI. The Web. 



Braoe. 


et. 


V. 


Seo»tf. 


A ... 


•00060 


.. 11250 .. 


. 1-26 


B ... 


•00063 


.. 9093 .. 


. 1-26 


C ... 


•00070 


... 6-46£l .. 


. 1-26 


D ... 


'00080 


... 4-094 .. 


. 1-26 


E ... 


•00110 


. 1-969 .. 


. 1-26 


F ... 


•00045 


... 4093 .. 


. 1.25 


G ... 


-00045 


... 6-469 .. 


. 1-25 


H ... 


•00045 


.. 9-093 .. 


. 1-26 


I Ma strut ... 




0-750 .. 


1^00 


I M a tie ... 


•00046 .. 


. 11 260 .. 


. 100 




tablb xxm. 


The B 


Upper Boom. 




a. 


1 


1ft Bay <4) 




00 




2 




•00086 




3 




•00065 




4 




-00058 


I 


2 (4) 




•00066 




Lower Boom. 








let Bay 




•00066 




2 




•00046 


.... 


3 


• »«•»■« 


•00045 




4 





•0UU45 


« 



height. 
-00t«44 
■00717 
•00666 
•00408 
•00271 
■00230 
■00364 
•00611 


1 


•03912 


•00200 
•0050^ 




^ 



St KM. 


10126 
17-626 
22125 
23-625 



6626 
14626 
20626 
28-625 



Weight. 
•00420 
•00871 
•0114tt 
•012HS 
■00660 

•04870 

871 
668 

»a6 

1088 



•03020 
Tax Sixth Fokm, vith the loading at the lomr level. 
Tabu XXIV. The Web. 
Braoe. o. V. Sec'fl. Weight. 

AtoH Same M in Table XVin. = 03770 



Im a tie 
I as a strut 

Upper Boom. 
Irt Bay (1) 
2 
3 

6 (4) 



Lower Boom. 
IstBay 
2 
3 

4 



•00045 



Tabik XXV. 

a. 

•00084 
•00066 
■00066 
-00065 



•00068 
•00045 
•00046 
'00045 



1200 .. 

.. 

The Booms. 

Stress. 

00 

10-5 

180 

22-6 

240 



10 
10 



6'25 
14-25 
20-25 
23-25 



. 540 
... 20» 

Weight. 
•00420 
•00882 
•01170 
■01306 
•00660 

•044S7 

•00857 
■00641 
-00911 ( 
-01046 

•02966 



The SxvEirTH Fork, vfith the lead crt the upper level. 
Tabu: XXVI. The Web. 



Braoe. a. V. Sec*0. 

A 00060 106 2 

B to G M in Table V 

H „ 1 



Weight.! 
•01260 J 

•0-2498 ] 
•00090 

•088181 



I as a tie -00045 10-5 1 00479 

laeaHtrut -00120 1-5 1 00180 

The Booms = •073001 

The weight of the booms in this and the next arrangement 
may be taken the same m for the third form (Table XIV.) The 
first bay of the uppet boom is relieved from all longitudinal 
stress, and the first nay of the lower boom bears a stress of 10-5; ] 
any slight change in the sectious of these parts which such differ- 
ences could warrant, would neutralise one another; and the 
other bays are all exactly as before. 
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Thb Sztxhth Fobu, with tke load at the lover levd. 
Tabi.1 XXVn. The Web. 

Seo*«, 



BtMe. o. 

A ... -00060 . 

B to 6 M in Table VI. 
H ... -00045. 



iHAtie 

iHftitrut 



-00045. 



V. 
10-50 

8-0 " 



1200 




Wei^t. 
-01260 
•02184 
•00186 



Thx Eighth Fork. 
Table XXVin. The Web. 




= •086S0 

•0047S 
1497 



•08970 




Bnoe. a. V. 

A ... -00067 ... 6-0 

B to G M in Table L 

H ... -00045 ... 10-5 
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WENLOCK PRIORY, SALOP. 

[Od & fortner ooi^asion au account of Biiildwns Abbey was givea 
io the paries of this Jourual, froui the tirat portion of an excellent 
voloBM ADtitted ' Coliectauea Archteologica,' issued by the BritiHb 
Arehcological Association, aa a nicidium for giviug their length- 
ened papers, which the limited space of their 'Journal' does not 
admit of being Batiafactorily done. The first volume of the 
'Collectanea Archsaoloxica,' now couipleted by the publication of 
the awoud ])art, containa articles from the pens of mnuy of our 
be«t antiquaries ou subjects of great hidtorical, architectural, and 
Archaeological interest. tVom these we select the following able 
paper iipou the ancient Clui(iiinc Montistery at Wenlock, by Mr. 
Edward Roberts, F.S1.A., F.I.B.A.] 

NoTwrrHBTANDmo the differences which occur in the several 
bUtories of this priory, brief as they arc, the authors seem yet to 
Agree in accepting as accurate, and as the groundwork of their 
descriptions, William of Malrnesbury'a' account of it, together 
with the aaauraptioD that it was originally founded by St. Mil- 
bnrga a.d. 680.* Io a diligent search into the writings ou the 
aabject, I have, however, failed to discover that it has been so 
aasnineij and stated earlier than the fourteenth century: Bede, a 
contemporary, does not refer to it; William of Malmesbury, who 
wrote nearly four hundred and fifty years after the supposed 
foundation, and must have taken his information from manu- 
scripts now lost to us, or have acquired it by tradition, does not 
name any year, nor further than that St. Milburg lived and died 
there; Dugdale says she erected n nunnery there," giving Malmes- 
bury as his authority, who in fact saya notliing of the kind:' 
and another account is that she procured the foundation." She 
appears to have become its abbess," and to have been such at the 
time of her death, which hapfwned on or about February 20th,' 
(or 2;ird,'' according to some later writers), a.d, 722,* and she was 
bime<l there. 

The place is said to have been anciently called Wimnicas,'" 
that being the Saxon name, but it became known only as *'Moche 
Wenlfvcke"; the Jjatin names being Wenlochiuin, "Winlocium, or 
Veatolochium;" the British, Llan Meilin, or St. Milbui^a 
Church ; and undoubtedly there was in very early times some kind 
of religous house here, and the probability is that St. Milburga in 
acme way added to its wealth, or assisted in the rebuilding" or 
increasing some portion of the structure; and this together with 
her royal descent would have induced her election Io the office 
ofabboRs. It is worth remembering that at the time wiien she 
Iiv«ii there were few places of the kind, and the noble daughters 
of our land were aent abroad for their education. The references 
to the position and acts of Milburga would incline me to think 
that she really added the nun's department to the already exis- 
ting mdiiaatery. 

Connected with these anbjecta is the interesting inquiry into 
the motives of benefactors; for in the majority, if not in all cases, 
of retirement to the cloister and grants to the church, the occur- 
reuce of a crime, then too fi^fpient, or an event having influence 
on the passions, was the immediate cause. I think I nave sufli- 
dent grounds for statin? that murder was the occasion of the 
taking of the first steps towards the advancement of that church 
and abbey which eventually became the moat beautiful, moat 
powerful, and the wealthiest in Shropshire. 

Except by cnmpju-ing writers, it would be difficnlt to ascertain 
even approximately the degrees of relationship of the several 
perHon."iges (not historicilly of much imfwrtance) named as being 
oonnecte<l with Milburga, and this ari><es as ranch from the ha- 
bitual carelessness of the mediajval scribes, as from ignorance of 
the exact conaanguinity, and the indiscriminate use of similar 
terms for various degrees. It is however nece.ssary, in order to 
aasign a motive for Milhurga's pious acta, that I should en- 
deavour to state some of her family ties, and the deeds antecedent 

' De fMiU K««i»D, lib. 1), Ckp. IS. X>e (Mtii Pootifieam, fo. Itt 

■ DtmHif$ MooMtieon, v, TS. 
» IbT 

• M«lH m^iU T7*» worris are, " Uiltiarra a pad Wmttoek rvqaicKlt, oilm *b aoooUa 
Bota tt ' - " '-'rtiim NtmnaaiMnim duiu lUMcitur locua SepoliUiii," «tc. I^mw 
lepM I < ' •>r. 

» I.... . vit. 

■ TaiiiKM • ^"iiti.i Moiuurtlca, p. Hi (quoting CXpgraTaX 
» Bf». Hutni, \. lit. 

• AeU Saact.. Ill, Hi, ei wj. 

• tbk 

to MMlMtom, r. T3. T.-uincr'a Notitia Manasticn, p. 444. 
• • ictaSuet.. Tol. 111. 38«. On the avals It U written Wrnlok. 
*■ "Her fctlnw (MervWaJtli auJ bur node ( Wulphere) libcnill/ coaUibutcd " Brii 
Imnl . '. r *•" livlaud. CoUecl., Tol. ill, p. i;u, etlit. 1774. 



to her retirement from the world. Her pai-ents were Merewald 
(brother of Wulphere King of Mercia, who commenced his reign 
about A..D, 657), and Ermeuburga' (daughter of Ermcurod and 
niece of Earconbert King of Kent, who begiiu his reign A.D. 
640). Her sisters were Mildrilha and Milgithii.* 

Egbert was son of Earconbert, and succeeded him as King of 
Kent A.D. 664. Within a yeai-* after the commencement of bia 
reign he was accessory to the murder of his two infant nephews, 
Elbert and Egelbright,' uncles to Milburga. Egbert is said to 
have repented of the murder ; and as the only modes of exhi- 
biting contrition were by gifts for holy purposes or by entering 
the church, he acte<i in accordance with the custom of the age, 
and granted as compensation a part of the Isle of Thnnet at Min- 
ster, for the purpose of building a monastery, and Milburga'a 
mother founded a monaHt^ry there. Mildred dedicjited herself to 
celibacy, and became abbess of that nunnery* — for the name of 
monastery was applied to houses for both sexes; an<l although 
we get no direct statement, nothing is more likely than that 
the same circumstance, so fruitful to the church, should in- 
fluence Milburga. and that she should perform some devotional 
act; whilst her relationship to the royal family of Mercia would 
lead her to do so at her adopted abode at Wenlock, and also en- 
able her to procure some endowment. The foundation was at 
that time probably the usual secular college of Saxon times, then 
converte<i partly to a nunnery; and to those who have seen the 
ruins it is uee<lle«8 to say that nothing whatever of the buildings of 
that date is now inexistence. It may be considered as having been 
of timber, as was almost universal prior to that time, and w.us by 
no means unusual both here and on the continent for centuries 
ufter,and it is notsurpriaing that, as a consequence, we road of their 
l>eing frequently destroyed by fire. Monastic buildings, even at 
that early period of Christianity in this island, wttre of enormouB 
magnitude, and more particularly in this part of England. Bede 
refers to one at Bauchorium (Bangor), which at the beginning of 
the seventh century was inhabited by upwards of two thousand 
monks at the same time," and we shall find that this of Wenhxjk, 
though then comparatively insignificant, became the largest in 
the county of Shropshire. 

We are not infoi-roed of the time during which Saint Milbnrga 
presided over the nunnery, nor the exact time of her deatn, 
which was not earlier than a.d. 694.' We learn simply that she 
became beatified, and that on her death she was buried at 
Wenlock. 

It does not seem to have escaped from repented calamities, 
mostly arising from warfare, of w^hich, from it great richness of 
soil and general wealth, aa well aa from its large population and 
other circumstances, this part of England was the constant 
theatre; but the period of four centuries from the time of its 
earliest foundation to that of its being surrendered to King 
William the First by the Earls ftlorcar and E«lwin, the grand- 
sons of Leofric Earl of Mercia, in 1071, is one which as regards 
this priory is a f^teriod of almost utter darkness, — a darkueai 
which even the searching eye of the Rev. Mr. Eyton baa not 
penetrated. It is vaguely stated that it was twice destroyed by 
the Danes; and if lo it must have been restored iu the interim 
and liave become again a place of defence or worthy of plunder. 
The entire obliteration of the previous buildings leaves us no 
means of judging either of the probable dates or extent of the 
works. It is further stated, with somewhat more precision, that 
Leofric Earl of Mercia, and Godiva his wife, shortly alXer 1017, 
antl in the reign of Edward the Confessor, refounded the .abbey. 
There is nothing singular, aa has been supposied, in the selection 
of the spot for the re-establishing of the church and monastery; 
it was a constant practice to retain sacred sites for like purposes. 
It was again deserted after this i-e-fouudiug, jtnd surrendered to 
the crown 1071, as before stated. 

We now come to a period when a little more certainty prex'ails, 
and when abbeys sprung up in the land with m.irvellouK rapidity 
and vigour. Whether of Saxon or Norman origin, they equally 

' AIm culled Duouiiiva, or Doinpnera UoUandtlft folU ioto an error in nji<Dg, 
" Matrr rjiiA nr.ti -=. EnriMamrca «»>1 l»oa>fte*fc." AcW Band., Ui, MS. 

* I • I>e (h»tia Be^em, lib, i. cap. 4. 

* I Ulat. p. 160. 

* J 11 Egbert "gnrp R^cnlTw to Baai tba iiiaj«-prie*t, 
tkat : '< r iliore." Bede. Anglo-rax. CJbraa. Almoal all Ihe taodl- 
•▼aI inurUtu-, with more or leu miaul uuwi. 
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' ' ■- fertiir (taUw DunHW aooarbnram, ul cum it Miptem pnrUoiM 

MK!i M> aiU ntcUiribaa BoualcrtmD divixum, Bulla liarvM p«riio otlnit* 
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jMrtook of the benefits of property, MriooBly interfered wilh iu 
our nwn day by the Stntute of Mortmain, which followed the mp- 
prcasiops, and was a necessary step iu addition to those acts of 
spoliation. 

With reference to the hitherto reputed Saxon architecture in 
this buildinf?, und to Saxou and Norman architecture generally, it 
may be proper to explain that after the loss of the arts by the 
overrunning of the lioinan provinces by the Goths, there arose in 
the course of lioie an architecture more or leas beautiful aoconliug 
to the greater or less rudeness of the country in which it was 
practised, and which may be considered as one great school pre- 
valent for six or seven centuries — the longest period of existence 
in any style withont material alteration in so many countries 
subject to different rulers. Originating either in the indiscrimi- 
nate Rppiication of materials taken from Roman temples and 
houses,' or in a rude imitation of them, we obtain various speci- 
mens of one universal type. Familiar as the English must have 
been with pure Roman works, and a high state of civilisation in 
common with all couutries where liomans domiciled, it is re- 
markable that, sf) for as we aie able to judge from Siixon remains, 
the worst type appeared here — not very different from the Nor- 
man in its elenienls, but differing most materially in the magni- 
tude and the taste of the works. There was, beside*, on the part of 
the Normaus an unaccountable jealousy of or dislike towards the 
Saxon buildings; and although we can point to a score or two of 
works either in part or wholly ante-Norman, yet ihey are very 
few as compared with the vast number of rem-iins comparatively 

Eerfect to this day of what ia confessedly only a century or so of 
iter date; and yet, except some of the sacred edifices of the thir^ 
teenth and fourteenth centuries, the uiajority are of Saxou origin. 
This we have seen was the case with VVenlock Priory. 

At the time of the compilation of Domesday -book, the whole of 
the lands of this church were in the hands of Roger de Mont- 
gomery, the fii-st Earl of Arundel and Shrewsbury, to whom they 
bod been granted by the king. From him they passed again 
almost entire, in the reign of Kiug William II., who consent^ to 
the Earl's charter, to the new order of Benedictine monks of 
Clugny as a dejwndency to that order, and from that act the for- 
tunes of the house of Wenlock m-iy be said to date. Thus were 
the revenues and the establishment alienated, as it will appear to 
our eyes, but attached and secured, as it will have seemed from 
the Norman's view. 

This affiliation continued for tliree centuries, not however 
directly to Clugny, for the actual ownership was in the priory 
of La Carite sur Loire, which w.oa again subject to Clugny. The 
tribute payable to La Cariti' was Hxed by Farl Roger at 100 
shillings per annum; but the occupants and priors were chiefly 
Normans, so that in fact they possessed the whole of the 
income. The magnitude of the power of the chief house may be 
gathered from the fact that at one time the Abbot of Clugny 
received j£2000 a year from the affiliated monasteries in Eng- 
land.* 

The priory now was fairly startefl in its career of acquisitions 
and its magnificence of construction. The few remains of Nor- 
man or early transitional works which there are here, are of 
Earl Roger's comnieuciiig, but not finishing, for he died in 1094.' 

It is stated in Domesklay-book, that the Earl had made the 
Church of Saint Milburg an abbey, by which it must be under- 
stood, if it means more than a general term, that it was entitled 
by its affiliation to be so considered; for it never was really an 
abbey, being presidetl over by a prior who was himself subject 
to the Ablwt of Clugny, and after its naturalisation, altliough it 
was looked upon as an abbey, it was never legally made one. 
It is certain, from the entry in Domesday-book, that the Saxon 
church was actually in existence, though, as before stated, now 
quite obliterated. William of Alalmeabury, writing about a.d, 
1125 or 1130, says, "lately, however, a convent of Clugniac 
monks were established there while a new church was erecting." 
In the course of the re-erection it could not have h.'^ppened 
otherwise than that St. Milburgh's body shnuUJ bo discovered.* 
Whether really so, or only a monkish deception, it was treated 
thenceforth as a miracle; and has been gravely handed down to 
TU as such, with the additional information that the body was 
not only found in a perfect state, but emitted the most balsamic 
of odours, which pervaded the building. The reputation and the 

* Thl* u ruibta to tbU Oajt (q eju«Uag edUlcw ia fcmtbern Md Ceotnl ItalT, 

* Kjrtot), Antiq. of Shrops. iii, 130. 

■ So* Fluohe** Norman Karb of iihrtwibarr, p. 74, ante. 

* In 1101. Wm. uf XiloiMburr. 



profits of the monastery were enhanced by this discovery for 
several centuries. Her body was re-int«rrea in front of the high 
altar, on May 26tb, 1101. 

The priory, ns an alien, in common with others of that class, 
was treated with much severity in after times, and suffered 
exactions and confiscations repeatedly, until its naturalisatioa 
in the 18th of Richard II. During the wars with France its 
revenues and patronage were assumed by the English kings, and 
we find its rights exercised by them repeatedly. It nevertheless 
grew iu wealth and importance; its precincts extended over 
thirty acres; other priories were affiliated to it, an>l nlthongh it 
did not escape the imposition of taxes (sometimes levie<i in the 
name of gifts, although there was nothing voluntary in the 
traniMctinns, unless it might be in obtaining some quid pro gun, 
in the shape of immunities from feudal .services and payments), 
yet its wealth increased in greater proportion, and enabled it to 
hold its way above all others. The benefactors were numerous, 
and some of them were excee<lingly liberal. Of these, Isabel de 
Say, Laily of Clun, was after Earl Rogerihe greatest; she in her 
own rij^'ht as Baroness of Clun, at the end of the twelfth century, 
endowed the priory with large and valuable patronage. 

We have tiUo some evidence of actual erections iu progress in 
one of these donations, namely, a bequest of two merka by Dame 
Agnes, wife of the second Walter de ClitTord, in 1221,' towards 
" tne fabric of the Churcli of WeiilfK;." The monks began to live 
better too. In 12.52 it ia found that the prior owes £fi for the 
king's wine, which he had purclia,sed — probably the remainder of 
that which the king had sent there for his own use. We find 
that Kiug Henry III. repeatedly took up his al^Kxle at Wenlock 
Priory in the course of his journeys, and employed its priors in 
diplomatic services. These are evidences of tne favour in which 
it was held by royalty; but it, nevertherless, did not free it from 
pecuniary exactions. Its history is a series of struggles with 
neighbouring owners for rights and immunities, and of payments, 
bequests, grants, and charters. 

In 1333 its wealth was so increased, that in a contribution on 
the marriage of Edward IIL's sister, it stood tenth in importance 
in the kingdom. 

In 1337 the fin^t blow was struck at its liberty, and attacka 
were repeated until they reached their climax two centuries after. 
In January in that year, Edward II I. prohibited this and all alien 
prioriesi from transmitting tribute to France; and although this 
was simply intercepting the supplies of the enemy, a course still 
followed in case of war, the appropriation of the revenues of pri- 
vate estates can hardly be looketi upon otherwise than as an 
arbitrary act of spoliation: the annual hundred shillings payable 
to La Carite' being shortly converted into two hundred for the 
king's use. Ia 1361 however, on the conclu-sinn of peace, it was 
restored to Jjx Carite, to be again escheated on the resumption of 
the war : this time the commutation being taken at £50 per 
annum. Nine years later the tot^al value of the temporalities wu 
given at .£237 4*. 2irf. In 12iU it had been j£l44. 

These ref)eated exactions eventually led to the naturalisation 
of the priory, which happeneil on February 20th, 1395, for which 
six hundred merks were paid to the king, who coutinued also to 
receive tlie one hundred shillings per annum. This arrangement 
seems to have been made by the prior without retercnce to his 
superiors, who were opposed to this deprivation, and did not 
acknowledge it for upwards of a century, when a Bull of 
Alexander VI. annulled the uomiual state of dependence so 
long iu fact abandoned. 

The priory was never exalted into an abbey;* but remained 
after its separation a priory, which really diHei'ed but in name. 

The surrender occurred January 26ib, 1542, when the value 
had been n>uch reduced, and was returned gross at ,£481 16ff. 3d^ 
or about .£449 net, and the prior, John Baylie, received a pen- 
sion of £80; the sub-prior £6 13». 4d.; seven priests £Q each; 
and four others £5 6«. ^. each. Thus, in lieu of their large 
revenues, these thirteen men received £100 amongst them.* We 
have no information of the manner of the reduction of the nnm- 
bers of monks from about forty to these thirteen; but it may be 
safely assumed that it spread over some years. These institu- 
tions had served their purpose, and we should bo ungrateful did 
we not acknowledge our lasting obligations to them for the 
preservation of whatever there was of art, science, and literature 
in the medijeval ages; their destruction was now to be — the 
instrument was at hand, and this was long before felt to he so. 
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FTlotMbly as the rac&ncies occurred they were left unfilled, and 
[tiMre WM lees violence in the i-evolation than niay now to ns 
[•«eni to have been the case. The state of luxury i^ud laxity into 
^hich they had fallen constituted but one of the causes, The 
times il uianded the involution, and it came, na it sooner or later 
will ccjue iu other couutriea, when like circumstancea shall 
prevail. 

It is necessary only to add, as regards the Ctugniac order, that 
I it was a reformed branch of the lienedictiueii, whose black robes 
^ere retained, whose rules were more rigid, and iheir food and 
clothing more scant. They were not precluded, at all events, at 
a later perioti from the enjoyment of luxurious abodes, as were 
the Cistercians; and we see in this priory a display of construc- 
tive and decorative works of the highest (jrder. The reform was 
cajplele in a.d. 912, when the branch was calle«l after Abbot 
Odo of Cluni,' who perfected it; soon after which numbers of 
priories were attached to it, the parent abbey selecting the priora, 
and even sending the monks, who were consequently, in the case 
vt our priory, almost all from France. There were stringent and 
peculiar regulations in re^rd to silence, which was one of the 
most distinguishing marks of the order. Mo«;t of tlie branches 
in England were natui-alised early in the reign of Edward 111. 
WenloL'k was not bo until upwards of sixty years later. 

In describing the buildings, it will be convenient for cleamesa 
to consider that we are now perambulating the ruins, commen- 
cing with the chnrch; continuing with the conventual buildings 
of the earlier period; aud finishing with those of the later date; 
premising that the buildings aud cnurtb alone must have covere*! 
upwards of an acre. We will therefore begin at the west end. 

Entering the place where formerly was the great west door, we 
oorae upon one of the grandest architectural etfecta in the county. 
We at once see that the church is cruciform, with aisles to the 
xiave and choir, but only one aisle to the transepts, except as here- 
after mentioned. The Jjadyt'hapel has no aisle. Theentire length 
internally is 332 feet,^ and the breadth, including the aisles, 
varies from 61 ft. 3 in. in tho nave to 62 ft, 4 in. at the east end 
of the choir. On the left there are the ruined baincs of seven large 
pillars (forming eight bays) between the west wall with its re- 
ipmd and the great tower pier, one only rising some few feet 
highar than the others. These partake very mucli of the cba- 
XB^er of the great abbeys of Yorksliire, particularly nf Roche 
Jervaulx and Guisborough. On the right we have, out of tho 
seven corresponding piers, three in a state of nearly perfect pi*e- 
servation; these carry arches and tiers of other pillars and arches 
to nearly the full height of tlie former structure, and we can furni 
aoorrect notion of the perfection and richness to which the build- 
ing WAS brought. This portion, which is of massive Early 
English architecture, is of the age of Kiug John or the early 
part of Henry III., and probably in the priorship of Joybertus, 
who was a Norman abbot, presiding from about 1198 to 1216. 
The first three bays on the right hand are arcaded in a different 
manner from the other parts, having inner arches, so as to 
give space for a room over the aisle and beneath the roof of the 
trifbrium. 

These ahafts* are short, and the aisle is vaulted, and constitute 
the oaiy part of the vaulting remaining, except a small piece in 
the cloisters. The room above is one of exceeding beauty. The 
entrance was at the south-east corner, and thei-e was a way 
out on the opposite side by a few steps into the gallery along 
the nave walls. The use of this room is doubtful.* There 
are indications of places where presses were fixed, aud of the 
position of stone benches; and I can arrive at no other conclu- 
■ion than that it was a vestry, of which there were frequtntly 
Mvenl, this one being accessible from the dormitories, and that 
this was in use for the early morning services, the processions for 
which were to enter the south aisle. It may, however, have been 
the monk's parlour, aa there was a distinct stair from the cloister, 
and atone seats, 

The strength of the oonstruction of this part has secured its 
preservation to our day, while nearly all the other portions have 
Deen swept away. On the left hand, that is, the north side of 
the nave, there is just enough visible of the foundation of a north 

* T»n»eT'i Nodtiii, ?rviM*, xiy. 

■ DoplAle And bi« foUowere lay 401 feet, whloh, alloirinf for mill* Indoded, b toQ 
maehbjtonjttt-t. 

* Ht. BUkvwaif iuiil Mr. Oven, who wrote the sccouut for BiiitoD, MTonmnuljr 
ilate IbU lo bkvo beeu filiod lu nulioequvDtlT. Brlttoa'i Axchitect. Autiq. ir. 69. 

* Mr. MMknsie Walootl calif 11 a durmitor; for (be amrvnl 'Buildlac Sein', vi. 



porch to make us sure that there was such a feature at the 
fourth bay, beyond which the old aisle wall is in existence 
for a few feet above the present surface, whidi it may be proper 
to remark ia not by any means so much raised above the former 
level as we are iu the habit of finding.' In several places the 
turf has been turned back for me, aud at a depth of about one foot 
in almost every part plain tile paving, tolerably perfect, is found; 
the tiles are very much burnt in tho places which I saw, namely, 
in the nave, the choir, the north transept, aud in the greater and 
small cloister; in the last of which, however, the accumulatiou 
is much the greatest, and has evidently been hlled in with 
rubbish from other p;irt3 now to some extent lowered. We must 
not take it for granted that the level of the surface was always ivt 
it now ia; for, on reference toa>'iew in the 'Monasticon' (v., 73), 
and Pliilips's ' Select Views," as well as Grose's 'Antiquities' (vol. 
iit.), we find the plates show the ruins bnried several feet deeper 
than they are at present. Tho nave and aisles were 61 ft. 3 in. 
wide, but the nave proper was 117 feet long in the clear, 28 feet 
wide and about GO feet to tlie apex of tlie vaulting which enclosed 
it. Dugdale, Britton, Philips, and indeed all who have written, 
have evidently copied from one original, and given wrong dimen- 
sions. The error has apparently arisen from the tower space 
having been added to instead of being deducted from the separate 
lengths. 

Those now given are taken from actual measurements ou the 
spot. The central tower, which is not exactly equal sided, is the 
next point whence we obtain an entirely fresh view: we will first 
however remark, that of this tower but a few feet of one pier 
remain, aud three rough mounds to show the position of tht* 
others. It was, including its walls, about 48 feet by 46 feet. I 
have carefully examined the piers and obtained drawings of the 
plinths and mouldings. I cannot find any evidence of any other 
towers, 80 that the usual position of St. Michael's chapel in a 
western tower of Clugniac monasteries was wanting iu this 
priory. It is just within the range of possibility that the chamber 
over the aisle was a chapel of St. Michael, but the marks of 
benches and presses, and the nature of the constructiou, are 
against that supposition. The transepts in the clear are together 
144 feet from north to south. The north transept has part of two 
walls remaining and the foun ations of other parts. It is worthy 
of attention from ltd having two aisles (few abbeys having more 
than one), one of which at least, that ou the west side, was 
entirely closed iu. 

The lowest part was a vaulted crypt, now merely bare walls not 
rising above the surface. The arch would bring the floor several 
steps above the floor of the transept, from which there was a 
doorway into the room over the crypt. The window sills belong- 
ing to the crypt show that it was dimly lighted. There is a false 
back to the end of the vault, which would incline one to suppose 
it might have been intended as a place for the concealment of trea- 
sure in time of danger, as well as for the temporary deposit of 
the dead. In the north west angle of the transept was a doorway 
to a staircase. 

(To be eoncbtded tn <wr next.} 



NEW IRON LIGHTHOUSE, AT CAPE CANAVERAL, 

FLORIDA, U5. AMERICA. 

(CoTulvded from page 132. j 

Cornice of tower. — The arrangement and details of cornice of 
tower to be as shown on Plate IX. 

Bracket*. — The brackets, IG in number, to be of cast-iron. The 
centre line of each bracket must coincide with the joint of the 
panel plates of the wall of lantern; and the upper j)art of the 
bracket must be secured to them with four wrought-iron bolts 
I" diameter ; 2 bolts being on each side of the vertical flanges of 
panel plates. The lower part of bracket must be secured to the 
tower by a wrought-iron tap-bolt 1" diameter. The upper part of 
each bracket forming surfaces of contact with the gallery plate« 
must be planed. A cast-iron neck moulding must oe inserted 
between the brackets, and secured to the tower by wrought-iron 
tap-bolts. 

Main gnllery plates. — ^The gallery plates to be of cast-iron. The 
rebates for the brackets must be planed. Each plate must be 
secureil to the bracket by wrought-iron tap-screws |" diameter. 
The cornice to be of cast-iron, secured together, and to the gallery 

^ The vlovr of Uie TMtend, dniru 1q 1771, uud givgo by tiroM, tbovi the grosiiil 
corerlac tbo iMir« piers m big^h >i tha capiuU of tlie Umer amdc. 
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pUtes, by wrought-iron bolta, with ooantersunk headd, aa shown. 
There must be 5 half-incli bolta for connectiug each segment of 
cornice to each galler}' plato. 

Main gallery railing. — The standards of the wrought-iron rail- 
\nfl aroaud the main gailery are to pass through and connect the 
gallerj piates and brackets. The caat-irou drop ou the bracket is 
to form the nut for the lower end of the standard. The upper 
rails pass over, and are secured to the atandarda by caat-irou baJls, 
having euitable screws cut in them. The lower rails mast be 
secured to the standard with wrought-iron bolta ^' diameter. 

Wallof lantern. — The wall of latitern is cylindricjil, and is formed 
of cast-iron panels, each ^ of a circle. The top, bottom, and aide 
flanges, forming surfaces of coutact, mast be planed. The lower 
part of the panels must be secureti to section Fig. 7 of the tower 
with wrought'irou bolts I" diameter, arranged aa shown. Each 
joint of the upright flanges to be secured witii 6 bolta \" diameter, 
with suitable nuts and washers. 

Lantern door. — The door in lantern to be formed of a single 
sheet of boiler plate y\" thick, provided with strong wronght-iron 
hinges, and with strong fastenings to retain it open or closed, and 
with strong handles and latches for opening it ou either side. The 
jambs, top. and sill to be of cast-iron, with rebates for both inner 
and outer doors. Fonr pairs of brass hinges, similar to those on 
the cylinder doors, most be provided and Htted on the rebates for 
inside wooden doors. The liiuges for the iron doors must be 
neatly fitted, and the vertical rebates must be pinned. The sill 
plate to be secured to the lantern aeck with 3 wrought-iron 
countersunk screws f diameter. The top of the door-fnime will 
be mitre<l with the jambs, and secured to the underside of lantern 
gallerr in the same manner aa the upper flanges of tlie panels 
forming the wall. Each jamb must be secured to the side flange 
of panel with four | inch bolts. 

Lantern gallery. — The segnienta forming the lantern gallery to 
be of oist-irou, of the form and dimensions shown in Fig. 8. The 
joints and recesses for the lantern posts or astragals must be 
planed and well fitted. The holes for the railing standards must 
be reamed. The surface of coutact with the gun -metal mullion 
sill of lantern must be planed. The segments to be modifietl for 
stairway ladder and air registers, as noted ou the drawing. Each 
segment must be secured to the upper flange of lantern wall with 
two wrought-iron bolts 5" diameter. The number and size of the 
bolts for connecting the segments together and securing the 
lantern posts must lie as indicated on the dniwiugs. 

Railing around grazing. — ^The wrought-iron railing around the 
upfwr part of the lantern to be as shown in Fig. 2. The rail to be 
made in 4 parts, with lap-joiuts, and secured to the slaudarda 
with brass nuts. 

Axtragal*, — Ttie lantern poats, 16 in number, to be of wrought- 
iron. Each jKist must be lined on the outaido with gnn-metal 
rebates, and stops fnr the glass. This lining to be made in three 
pieces, and secured to the posts with gun-metal screws. Two gun- 
metal handles must be secured to each post with three gUD-metal 
screws to eacii. All the rebates for the glass and the aufaoes of 
contact must be planed. 

Jl/u//io/w.— Four sots of horizontal gun-metal mullions connect 
the posts together at intervals. The rebates for the gloss, and all 
surfaces of contact, must be pinned. 

Air regintem. — One half of the lower set of mutlion most be 
modified so as to contain the air registers. The aliiling surfaces 
must all be p!ane<l and well fitted. A stop must be inserted at 
Mch end of the slide to regulate the stroke. All the screws for 
the glass stops must be of gun-metal. Each mullion is united 
with post by wrought-iron bolta with hexagonal heads and 
nuta. 

Compaction of the gun metal or bronze. — All castings herein- 
before specified to b« of gun metal, must consist of 9 parts of 
copper with 1 part of tin, and have a specific gravity of not 
less than 87. The tops of the lantern poets are united by a 
wrought-iron regular fwlygon of sixteen sides, which ia fastened 
to them by sixteen wrought-iron tap bolts |" diameter. The 
polygon is made in four parts, with haJf lap joints, secured 
together with tap screws with countersunk heads. 

Framing of dome. — ^The ribs and tie-bars forming the frame of 
dome, to he of wrought-iron, of the form and uimensions as 
shown in Figs. 9, 10. 11, and 12, Plate XI. The lower ends to 
be secured to the lantern posts, and the upper ends to the cast- 
iron crown piece, with wrought-iron Up bolts. The tie-bars to 
Iw secured to the ribs with wrought-iron bolts V diameter. 

Spidpr frame. — The spider frame supporting tlie adjustable 



bearing for the upper jiart of lens apparatus to be of wrought 
iron. Each tie-rod has a jaw formed on the outer end, and is 
secured to th^ rib with one ^" bolt. The inner ends of all the 
tie-roda have screw-ends, and are secured to a wrought-iron ring, 
with nuts inside and out for adjustment. Every alteniate ti^v 
rod is further supported by a wrought-iron rod attached near the 
crown of dome, and provided with a cast-iron turn-buckle. The 
adjustable bearing for lens apparatus to be of brass, and must be 
finished bright all over, and well fitted and secured, with gnn 
metal screws, to the wrought-iron ring. The set screws to be of 
steel. 

Sheeting of dome. — The dome mn.it be covered with sheet cop- 
per one-sixteenth of an inch in thickness; to have lock joints 
except below the eaves, where it is only tinned for soldering. 
The copper is laid on in l(i segments, and each fastened by three 
brass screws to ribs. The eaves are cur^-ed by an arc of 9 inch 
radiuB, and the cornice supported by 1(5 cast-iron brackets, which 
are set upon and secured by two |-inch screws each, to the seg- 
ments ott top of jjosta, their upper ends being secured by a 
wrought-iron bar, li-iuch by j-inch, extending round the lantern, 
put together in 4 segments, by means of half-lap joints, and two 
a-inch screws (heads countersunk) at every joint. This segment 
is secui-ed to each bracket by one Jj-inch screw (head counter- 
sunk.) The copper roofing extending down along the bracket i» 
fastcueil to the glass stops of npper hoiizontal mullions by tlie 
screws which hold said glass stops to said mullions. At each 
alternate bracket one water spout is placed for oondncting the 
water from the roof 

Ladder hold. — There is a 1-inch copper rod running around 
the lantern for giving a hold to ladder, and ia held to each 
bracket by means of a stand. This stand (made of gnn- 
metal) has a strap fitted on and secured to it by one f-ioch 
bolt, and is fastened to bracket by one jf-inch iron screw. 

Ventilator. — The globe and other parts of ventilator on the top 
of dome to be of sheet copper -j^„ ' thick. To the Uip of the 
globe is attached a hfnaa nut and a co]iper pinnacle 4 feet in 
length, with a platinum point worlb 4 dollars. (Jue 1^-inch bolt 
tappped into t])i;j nut, and .secured by collar and nut in fixed 
position to centre piece of ribs, unites pinnacle and globe firmly 
to the top of the dome. 

Zinc lining. — The dome is further provided with a nine lining, 
^/ in thickness, inside of the ribs, put on in sixteen segmeuts, 
and fastenwl to ejicli rib by nine iron screws. 

Tin coval. — To prevent all drip or leakage falling upon the 
apparatus, a tin cone with a tin cowl is placed over it, aod 
listened by screws to the horizontal tie-rods. 

iMnfern Indders. — There must l>e provided two wrought-iron 
ladders, one for the lower and one for the npper part of lantern. 
The lower ladder will be secured to the lantern gallery with two 
wrought-irou bolts §" diameter, with countersunk heads. The 
upper latlder is moveable. 

Main doortcay. — The space occupied by the door and jambs to 
be equal to that of an adjoining pnnul in the same section. Each 
jamb to l>e in one piece, of cast-iron, made in dry sand. The 
rebates for the doors, and the upper, lower, and Bide flanges must 
be planed. The jamb must be strongly connected with the ad- 
joining panels, the sill-plate, and the inside cap-plaio, by wrougbt- 
iron bolts. The sill-plate, is to be of cast-ir«>u, made in dry 
sand. Surfaces of contact with the dooi^jambs and adjoining 
panels must be planed and well fitte<l. It must Ive thoroughly 
connecteil with the parts of door and tower with wrought-irou 
bolts. The door-cap and brackets to be of cast-iron, secured to 
the tower with wrought-iron bolts. 

/ro» door. — The outer door to be of wrought-iron, made in 
two parts. The frame to be of bar iron, lA" x J", and sheathed 
with boiler-plate Jt of an inch thick, secured with rivets S* dia- 
meter, not exceeding 4" apart from centre to centre, and driven 
hot. Each leaf of door muat be hung with three pairs of strong 
hinges (only two pairs are shown on the drawing), made of gun 
metal, and secured in a thorough manner with tap-screws of the 
same mntetial. Suitable fastenings for securing the door op«a 
and shut must be provided. A lock of approved construoiioD, 
with suitable knobs, must be provided and fixed. 

Balcony. — The brackets sustaining the balcony at the main 
doorway to be of boiler-plate ^" thick, stifi'ened with angle-iron 
2" X 2" X \", which must bo secured with rivets i" diameter, not 
exceeding ."}" apart from centre to centre. Each bracket must be se- 
cured to the shell of tower by 18 wrought-iron bolts ^" diameter. 
The said bolts maybe of the ordinary kind, with nuta, and peueirate 
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the aheli, or they may ^ tap-holla, at the <liacr«tiou of the con- 
tnotur. The greater part of the boiu slioulJ be attncbed at the 
upper part of the brackets. The floor of balcuuy will consist of 
a single plate of boiler iron A" thick, aud mu»t be secured to the 
T irfin .ind the bracket* uuderneath bv riveta 3" diftiueter, with 
couot^rsimk heads, ami ]>laced not exceeding 4" apnrt from centre 
to ocQtre. The moulding exteudiiig urouud the bidcony to be of 
rirau, and miide in three partn, mitred at the angles, and 
r«iiared ia the maoner shown. The termiuatiuna to be ueatly 
BUv\ lo the tower. 

liailirig around balcony, ^c. — The railing for the balcony, and 
for the Hieps loading to it, must be of wrought-iron. The lower 
eadd of the .^tandardn must be tool-tinished, and provided with 
QUtA and washers. 'J'ho rail to be made in convenient lengths, 
with scarf- joints; each joint secured with '2 rivets j}" diameter. 

Stairway outside of tower. — The outside slep.9 of uiwer to be of 
cast-irou; and each atep must be secured to tlie sliell of tower 
with three wrought-iron bolta, one inch in diameter. The said 
bolts to have hexagonal heads and nuta where they do not come 
in con t-ict with the panel ilauges; but at 8uch nlaccs tap-bolta 
must bti used, peuetrating the paneU 1^". Each atcp miut be 
attached to the Uiwer, as snown id Figs. 1 and 2, Plate IX. The 
upper eurface of each step must be horizontal; the chipping 
pieces on the iut»er end must be neatly tilted to the shape anu 
iuoliuatiou of tower. The holes for the railing f^taudjuxls must be 
bored, and the railing staudaids turned to fit them, 

Toteer miuiown. — The inner part of wiu<low-fnime remains the 
same ft>r ail parta of tower; but the outer part varies in dimen- 
■ioD for each sectioo, ad shown in Fig. 2. Around (he exterior uf 
each window a cable moulding miisr. be c:ist on the panel. (In 
BMtioD Fig. 7, the cornice hmcketM cut into the side moulding a 
little.) The inner part of frame of each window to be of ca»t- 
iroD, secured to ita panel with six wrought-iron tap-bolts J" 
diameter. The rebates for the sash and the tiurface uf contact 
with the panel must be turned. 

Gun-mttal muhe*. — Tlje aash to be of guu-uietal, finished all 
over, lis hinge and cati:h must be neatly tittod. The pin for the 
hinge to be of gun-metal, with a hexaguuul head. The joint 
fanned by the window-frame and p.inel must be entirely water- 
tight. 

Windowt. — In the tower twenty-seven windows are reqaired. 

Crane. — The bar-iron frame of the crane at the side of main 
doorway to be in one piece, and sheathed on both sides with 
boiler-plate j^" thick, secured by rivets ^" diameter, in the manner 
shown; the rivet.4 to be driveu hot. 

Journals to he ca»thardene<i. — ^The upper and lower joomals to 
be "(iniiibed'' and ca-se-hanlened. The upj)er and lower bearings 
lo be of the materials marked. They must be neatly fitted, and 
niiut be secured to the tower by wronght-iron bolta i" diameter, 
haviug hexagonal heads aud nute, aud provided witii suitable 
waslter^. 

Staying the crane. — For the purpose of guying the crane, two 
eye-boiix of wrought iron, T diaiueter, must be insertvl in section 
Fig, 5 of tower, within !-*" of the lop of the panel. One eye-bolt 
to be placed at a convenient distance on each side of the cntue. 

Smoke-pipe. — The smoke-pipe, which ia to he of copper, pttssea 
throogb the l](X)r8 in sections Figs. 4, o, and 6. The upper part 
Msaes out of the tower at Fig. 1, and is terminated with an 
Emerson ventil.ator. The elbow iit the upper i>art, when unlwlted, 
may be drawn inwardly, and the pipe then be cleaned; the pipes 
and rentihttor being one sixteenth of an inch in thickness^ The 
6anges at the elbow to be connected by 6 gun-metal bolta jj" 
diameter. 

For a itove pipr. — In the living-room, section Fig. 0, there mnat 
be fitted to the main pipe, at a distance of 4 feet above the floor, 
atabe Sj* diameter and G" long, provided with a close-fitting cover. 
A cover must be fitted to the lower end of the main pipe, with u 
central opening for a stove uipe •'>[" diameter. The siiid central 
opening to have a flange 1^ inch wide, turning downwards, so 
that it may he hanimcre«l to fit closely to the stove pi|>e. 

Catt-iron gutter. — The gutter for collecting the rain-water to be 
of cast-iniu. The termiunlions of the end segments, aud the 
wids of those segments on the side of tower opposite the main 
doorway, must bo closed. Each segment must oe secured to the 
upper side of a panel of section Fig. t with 8 wroughl-irun tap- 
bolls h' diameter. The joints of ihe aegmenta must be quite 
water-tight. 

Water-pipe*. — ^Th« water-pipes leading from the gutter to Ihe 
tank* to be of ga]vanize<l wruu^ht-irou, bore 2", and lo be of sutli- 



cient length to pass through the floor in section Fig. 4, and enter 
the tanks 6 iaclbos. There must be four such water-pipes; one at 
each end nf the two rows of tanks. 

Wuter-tnnkg. — The water-tanks to be made of good plate-iron. 
A rim of half-round iron to be ri vetted around the upper eilge of 
each. One copper over-flow pipe must be provide<l and fitted, 
but not permaueuily secured to each end tank. A brass cock of 
one inch bore to be secured to the lower part of each tank in the 
manner shown. AH the tank-s must be well rivetted and caulke<l, 
and made quite water-tight. They must be tested by tilling them 
with water. The tanks in each row are to be connected together 
by short cast-iron tubes, the centres of which must be 6" below 
the top of the tanks, fastened with wrought-iron bolts. The 
joints thus formed to be made water-tight with gum packing. 

illSCELUtKEOUS ItHUS. 

Tower to be painted. — All parts of iron work that have been 
"finished," or form surfaces ot contact, roust be well smeared 
with white lead as a protection agaiitst rust; .ind all the remain- 
ing parts of iron work must be painted with two coats of white 
lead in oil, at the workshop (after iDS{i«ction), for the a&oie 
purpose. The iron work inside of the lower, when erected »t 
Cape Canaveral, must again be thoroughly coated with green 
paint; aud the shell of the tower, inside and out, with two addi- 
tional coats of white lead. 

The amount of rieetting the contractor utiU be required to per- 
form. — The contractor will be required to perform about one- 
half of the total amount of rivelliug hereinbefore specified, and 
all of the drilling, punching, and fitting. He mui>t also furnish 
all the rivets required, nnd the tem(>orary bolts necessary to be 
usetl during the erection. The rivetting will be peHormed ut 
such places as will not prevent shipment: or at such places aa 
may be designated by the agent of the department. 

Dravingt only sIuhd finighing nizes. — The contractor will please 
observe that on all the drawings the dimensions shown or marked 
are finishing sizes, that is. tlie exact meaanremeuts when the 
work shall have been completed; consequently, for whatever 
parts are to be planed, turned, Ac., such extra allowance of ma- 
terial must be made as he may deem necessary, aud no reductions 
from the dimensions shown will be allowed. 

Iron toork to be erected at workthop. — All of the metal work 
must be fitted together and erected at the workshop, and in- 
spected and approved by the agent of the Light-house Board, 
before it will be received. All castings which arc honey-combed, 
or otherwi.se imperfect, will be rejected. 

Marking. — All parts of ihe ironwork must be chisel-marked 
aocordiug to an uniform system, aud a set of drawings also 
xnarketi to corre«pond. 

Bo.ring. — The crane ami bearings, the window-fnime* and 
sashes, jUI the parts of lantern above the upi>er gallery, all the 
bolts and nuts, the railing sUiudards, and genentlly such small 
parts as are liubie to be lost, mislaid, or injured, must all he. 
Bubatautially boxed aud strapped with iron. Uci.xes to be marked, 
ami a list of contents of each box furnished the Lighthouse 
Board. 

Contractor renptmitifile for the eafety of the itrueture. — ^The ooni 
tractor will be held res|K)n8ible for the safety of the structure 
while in his care, aud he must take such precnnlioua, as to suit- 
able foundations, &c., as will i^revent injury to the work. 

Wooden dnom. — The contractor for the metal work must furnish 
all tlje wooden do-jrs n-qiiired, which musl be of the best aash 
stuff, primed, and painted with two coats of white lead. Ho 
must provide and fit all the ueceaaary hinges, locks, and fasteu- 
ingH; all of which must be of gnu metal, and of suitable 
strength. 

ll'uoden nheathiug for floon. — The floors in sections Figs. 4, .1, 
aud G, musl he shc.ithed wiih well-seasoned heart-pine flooring 
l>i>ard:i, 1 inch in thickness, laid on with the jointa radiating 
from the axis of tower, tongucd and grooved, aud dressed on the 
upi>er Hide. These floors must be furnished aud fitted by the 
cuuiractor for the metal work; aud they must be secured ttitlif 
plating by gimlet pointed screws, 1" long, aud not exceeding 1ft" 
apart. The holes for them must be drilled iu the plate irou, and 
countersunk on the under side. 

Brick wiirk. — The brick work for the tower will be executed 
by the Lighthouse depurtnieut at Cajie Canavoral. The wall iu 
section Fig. 3 will be one-.-uid a h.-df brick in thickness, or about 
12^ inches; and in sections Figs. 4,6, and C, it will be the 
length of one brick iu thickness, or about 8^ inches, lo aectiuu 
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Fi^. 7, and in tbe lantern, it will be the width of A brick in 
tbickneea, or about 4\ inches. 

Bricks and mortar'. — All to be of good, Boond, hard bricks, 
lajti ill mortAr com|Xi8ei1 nf two parts of clean sharp Band to one 
part uf hydranlio cement. The sand moat not be impregnated 
with salt. The brick work on the interior of tower must be 
painted with three contu of white lead. The floor in section 
Fig. 3 will be paved with bricks laid on their edges. 
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ESSAY ON ARCHITECTURE BY MR. PALGRAVE. 

The catalogue of the Fine Art department of the International 
Exhibition of 1662 contain-s several essays the merits of which 
are in risk of being overlooked. The author — Mr. Palgrave — 
has in ftni>lher publication printed for the Conimissioners of 
the Exhibition, "the ll.indbook of the Fine Arts," ventured 
upon ft aeries nf bold criticisms of the works of living artists, 
which have evoked severe and wrathful denunciations by his 
autagnuists, whose cnut>o some of the newspapers have es- 
pouaied with no little zeal. Upon the questions, whether Mr. 
I'&lgrave h.is done wisely in provoking a storm of indigna- 
tion which he might have certainly anticijiated, or whether his 
estimate of individual artists be justly severe or indiscrimi- 
nately acrimonious, we abstain from expressing any opinion. 
But of one thing connected with his papera we are quite sure, 
— that those which are containe<l in the Fine Art Catalogue 
dee«rve careful perus.il from all who take interest iu the modem 
progrem of art. Of the essays on painting, sculpture, and en- 
graving, as thote subjects arc not strictly within the f^cope of this 
.Toumal, we ofler no opinion beyond this — that they are mani- 
festly the results of mnch careful observation and intelligent 
Mipreciation of the purposes to which each art should be limited. 
The e38,'»y on architecture is more immediately within our pro- 
vince, and we have no hesitutiou iu expressing an almost un- 
qualified admirnliou of it Among the multitude of disaertatious 
on the oomparulive merits of different styles of architecture, we 
know of none more i)erspicuoua than Mr. Palgrave'a concise 
essay, from which the fuUowing extract is taken. The extract is 
confined to tl»e portion of his paper which relates to Gothic 
and modern architecture, and is here giveu not merely for its 
own merits, but also for the purpose of inviting the attention of 
our readers to the rest of the essay. 

" Now c-vme tli.it mighty cbajigc for which the work of Rome had 
lieen tho preparation. She bad tangbt tlje world hnw natiojia might be 
ruled by tbe spirit ol Law: the tribes of tbe North now showed bo«r 
ihry might he aiiiwal<?d by the spirit of Liberty. Tbe long struggle to 
unite tlicsB freijuenlly »nt*goni8t Twees is the Jiietory of modern £urope. 
We hiive here to note tbe uiunoer in which Architecture was affected by 
it. Tiie cliaractLTistic of this art ia, that t one other comes so directly 
home to a man; and evory pLasu of Ibe human minJ, as it developed 
itself through ten centuries, ia written on the buildings of the middle 
ages. It ia in this capAcity (it has been well observed) that ' Architec- 
ture is to be regarded by ua w.th t le most serious thought. We may 
live without her, and worship without her, but we cannot remember 
without ber. How cold is all history, how lifolesg »!l imagery oom- 
pnred to thivt which the living tintion write», and the uncorrupted 
mnrbl« be»rii ! how many pagett of doubtful record might we not often 
•pare, for a few stones left one upon another! The ambition of the old 
B«bei builders was well directed for this world ; Uiere are but two itrong 
COaquerur8 of the forgetfuliiess nf man. Poetry and Architecture, and 
tbe Intter in some sort includi's the former, and is mightier in its reality.' 
— How, then, did the nature of the great Teutonic invading races express 
itself iu the art wo are here coiieernud with ? 

A few wonjfi will sum up this; they created the only genuine style of 
mo<lem Europe. Htllii-rto, it should be noted, we have found but one 
such— tbe tireek. The Roman, Romanesque, and Byjointine styles are 
transitiou.-i] from this ; the principal nleraents in all, blending with tbe 
vigotJr and freedom of the north, took life again in the (lothie. Under 
this name, in accord.'vnce with tlis suggestion of Mr. Fergaason's admir- 
able history, the whole architecture framed in Western Europe by the 
immigrant conquerors between diiO and 150u will be here included, 
attliou^h from about 1150 onwards that Pointed form, to which tbe 
name has been restricted, began almost everywhere to Kuperaede the 
llound- arched. As, however, the Pointed architecture, though the most 
important and original development made in any style, is essentially 
only a development of the circular Gothic, it seems roost correct 
to clasA ihem under the one name which points to the Teutonic 
origin of both; although the long centuries of ruin and renovation 
have rendered it impossible to ascertain what portion the race of Tbeo- 



dorio itself held in revitalising the decayed eivUisation of Spain and 
Italy. 

The first clear existing specimens, in fact, of the Gothic, appear due 
to tbe successors of the Goths in tbe valley of the Po. In the earliest 
Lombard buildings we find the plan anti the detaili based on tha 
Romanesque: but from the beginning, vaults are an essential feature. 
As that rich supply of single shaft columns which Roman buildings 
gave bad been chiefly exhausted during the Romanesque [leriod, and as 
tbe weight of vault re<|uired additional supports, columns were coupled 
together or united with pier« of masonry: and presently, by a changes 
recommended alike by its eflect and its constructive advantage, these 
shafts, in place oi breaking otf at the first story — as in tbe Baai ica — 
Were prolonged to the base of the roof-line. This point onoe readied, 
ribs were carried from them over tbe intersection!! id the v.iult; and the 
Gothic system of internal construction was complete in its main featurcj. 
Extenially, the weight of the roof was relieved by an invention for which 
the R<:>niau plan of massive walls (as exem]>lified in tbe Pantheon } was a 
clumsy substitute: the invention of the Buttress. Tliis in tbe round 
Gothic, is always kept flat, and thuH in some degree repeats the 
form of tho merely ornamental Roman piUwter. Where the inner 
arches (as in Italy) were ordinarily of wide span, domes were often 
emp|oye<l as a form of >'ault: and this style was widely diffused ibence 
through Central and South-western Fmnco and the Rhine valley. 
In the doors, the plain lintel entnuice which bad almost ezolu- 
sively prevailed from the Greek to the Romanesque styles, was aban- 
doned, and Ibey were treated as many-pillared recesses, on which the 
best efforts of the sculptor were more unil more concentrated. As the 
Gothic thus advanced, through a thousand attempts, to harmony and 
vital union of features, a new and moiit attractive feature was, for tbe 
i^rst time in architecture, added to the design. Hitherto, speaking in a 
broad sense, moss in lemith, aot mass in liciylU, bad clioracterised the art 
from the Rhine to the Euphrates. But Towers were now incorporated 
in all the larger public buildings: and soon, under tbe general im- 
pulse to build higher, the lof^ angular roof already placed (in part for 
protection against northeni winters) over the tower or tlie church, shot 
Itself upw.nrds into the Eame-like anpiratiou of the spire. How much do 
we owe to an invention apparently so simple ! Let the reader think 
what he would lose, not only of charm in effect and of picturexqueness in 
outline, but even of high and peaceful thought, were these features waul- 
ing from the view, when at the close of the day's journey our road tuma, 
and before us, over tbe level tine of blue waters, a hundred towers bum in 
the last light of sunset, and we feel it is Venice: — or where over the 
massy orbs of forest, and the quiet roofs gathered round it as if for 
familiar protection, some solitary spire goes darkly up. (lainled in purple 
haze upon the amethyst and sapphire sky, and announces the unknown 
vilbige which is to be our resting ^laco. — And wheti the houre of happy 
research return, the Gothic charm which so allured us in the general 
aspect of twilight does not fail on nearer examination. What looked 
so fair in outline, will be found oompleto and lavish of lorelinota in 
detail. For the wild northern intensity which acquiesced at first in 
the Romanesque plan, has thrown all its life into the ornament, and 
covered doorways and capitabs with the beasts and birds of chase, 
huntsmen and warriois, labourers and knights, or iowrealbed them 
with stranger fancies — the dragons and wolves of the old mythology, 
the Runic knots of Fate, and the Serpent by which tbe world is to be 
devoured. 

Whilst the round Gothic worked onward thus in the great aontbera 
river valley bf Charlemagne's empire, to the perfection conspicuously 
exhibited in Verona, the style, carried northwards, took other forms in 
the great cities that edge tho Rhine. Here, between 1000 and 1200, the 
magnificent groups of domes and minarot-like towers were built which 
still adorn Cologne : churches which in grand arrangement and balance 
of the parts, aud in tbe admirable contrast kept between light and 
shade by the plain and the recessed portions, show that this fonn of 
arohiteotoro. if fully developed, would display qualities inferior to Done 
ever practised. Other modifications of the sjune manner appear ia 
SwitzcrUnd, Spain, and Franco; each varied with a hfe and freedom of 
which the very idea appears to have vanished from the modern world: 
the latest phase being that worked out by th« Normans in their duchy, 
and which followed their conquests to Sicily and England. 

Tlien iollowe<l the last great change in livicg architccinre ; preparsd, 
indeed, in all essential poijits by the work of the p^^ceding centuries, and 
in many details known long before ; yet, by its own intrinsic beauty, 
seeming like a new creation. It is certain that no style has ever exenlied 
the pointed TJothic in picturesque and lavish boauty of plan and of orna- 
ment in the poetry of its lines, in the romance with which our own 
associations invest it. Yet the Gothic builders thomsdves — Soger of 
S. Denis, W'illianj of Canterbury, or Marc d'Argcnt '>f S. Ouen— would 
have been uncunscous of that halo vibich Time, the beautifier, has cast 
over their master- pieces. Every esaential feature of the pointed style, 
except the tracery of the windows, the glass that filled them, and the 
arched flying buttresises that sustained them, had been before piactised; 
the same exquisite architecture which so moves us in the cathedral was 
familiar to them in the street; the only wonder of those inventive 
centuries, could they have foreseen it, would have been that their desceu- 
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<Unta tbinild eubaiit t" the long uii\oveIinen of Wimpole Street, or 
Mioiire tha confectionary- petliitc^a of Uie Rae Rivoli. It must not, 
howavrr, be imagined that llio poiiite<l liotbic, on the whole, — though 
with largo alJowanco for the HuLlimity of Kgjpt, tlie variety of India, the 
grace of Atbdnt, and the ritalilv of its own immediate predecessor, — the 
most conRuniniato architecture wl>ioh the world has seen, ro«e from the 
ground 'like an exhalation.' Both in coiulruction and in decoration it 
obeyed the npiril of the time. In tbu ornament we may traoe the 
gnclUAl »oft«ning and purification of the rugfjed northern miiid ivhtcij, 
gndualljr turning from thoao sulijucui of violi^nce or fantiisy already 
noticed — war and wild cnjatureti. and visiun* of Kpt-ctnil superstition, 
now sought ilH pleauuro in the Dculpture of Bwevt human forms, or 
enwreathed arch and capital, bx^c timl niahe, with the herb of Uio field, 
or the leafage of the forest; festootiidij tfie level lungth of cornice with 
the hawtljom or the lily, and budding forth from thu Hpire in crowns of 
floral lovelincsa. Whilst these are tho esaontiul cb.'mictfristics of the 
detail, the construction is biuied on tho passion for luflif-r and slenderer 
forms than tho circular style appoar(i<l able to providi?. And as the 
previou!) styles from their mode of covering spaces might be chissed 
under the Linttl and the Arch, so the pointed (iuthic might be named 
the architecture of the liable, whether angular or curved. The latter 
form, commonly called thu pointed arch, is obviously cjipable of greater 
height than the semi circle; it had Ix^en long known in many countries, 
France included, as an occasional exptedieiit; it now quickly became th<.) 
law for all larger apertures. Two external oiiuses aided tho rapid growth 
of the style; the first, that the eleventh and twelfth centuries wore the 
great age of mediievnl building and monastic instittition: the other, the 
discovery of that stainwl glass which clothed the churches of iho time 
with a glory surpuaing any internal decoration hitherto practised. To 
contain this, the windnws were enlarged; to frame it, Che bars of 
wreathed mHsotiry, known as tnictry, were inveitted. Sooti tho am- 
bition of skilful masons, revelling in the raitinnoe of embhizoned saints 
and geni-likc arabesques, raised the ribbed roof to a dizzy height, and 
plac^ it on piers diviilffll by walls of r^oloured crystal. The real wall 
was planted without the building in forests of detached buttresses, — the 
sculptor peopled with Scripture Hi.storiea every vacant space and 'coign 
of vantogu', — and the Cathedral of the niiddlo ages was created; ou 
embodiment in stone and glass and woodwork of all that was mott 
lovely and most daring in the mind:) of men; a concentration of all they 
admired here or hoped for hereafter. 

To the hiiilders of Central Northern France the clearest evidence 
proves that this invention is due; nor, except in France ami in England, 
whither it was carried so soon that the style there went through a living 
and original development, was it truly understood during thu Middle 
Ages. Space, however, fails to trace a course, which after two 
centuries, through many cuustjti, though none ineviu-ibly inherent in the 
pomtc'd style it<ielf, le<l to a, grailual dtcline, even in Fr!>n(.*au<l HlngUnd; 
whilst in iSp.>iin, Italy, and ^ie^n.^ny, the style was never really uiider- 
st<HHl. or fxhiliiU'd in its force ;uiil puritv. In Venice, indeed, 
<ii(tiuc funot!, uniting with the K<iiniuies4[ue of Cuustautinople, produced 
a manner of extraordinary grace and individuality, and one so directly 
adaptfii lo nioflern city rei^uirements, that only the modem indifference 
U) !!■ can biive prevented its intn>ductiun. But we must pass 

U> V es. That mighty change in the human min<l, which gave 

birlli 1" iiii l;..ff.imintion and Ut the revival of ancient literature, fell 
precisely at the time when the peTfecti"n of the Italian art in painting 
and BCTilplure, with other CAuBef>, rendered Italy omnipotent over 
Eurofieau tiuite. And there a pe<lantry, which to us seems incredible in 
its pnerik absurdity, led men to tbu c<iuvictioik that the art of the Romans 
— a race at no time capable of any s|x>ntMie<)usur real Fine Art— woe the 
one rule aikI law for the <.''bri«ten(Jom of liiOU years later. Incredible U> 
iia, w« have said ... in all mutters but in Architecture. For in Arcld- 
(ectUTV that imitation of IComitn work, best known through the niunc of 
Palladio, reigns in every capital and city nf liurope. No one would deny 
that gniat genius and inordinate expense have given us a few buIMiugs in 
which the Italian style has been led to graceful or noble results when 
in the exceptionally -gifted hands of San Micliaeli or •Scamo^si, Wren or 
Chambers, of the architects of tlie original Lotivit or the original 
Whitehall. But no one can |Kififibly a<)sert, that the style which hjis 
filkd L«judon with the (lead mouotony of Gower or Harley Street*, or the 
pa]0 conimonplue<- of Delgrnvia, Tybumia. and Kefuiington— which has 
pieroed Paris anil Madrid with the feeble frivolities of the Hue KivoU and 
tha Strada de Toledo -wliich iuts in ton thousaml towns substitute^! 
baldneas and bareness and lihicknesa for the colour and charm and Ufeuf 
Gothic, the B<|uan! hide for the tracoried window or clustered doorway, the 
square outliiie for tho pinnacled .-thriiie, — mmble to employ tlie commonest 
nwterial, and costly, beyond the reiuli of all but tho very rich, whi?n 

. auiplwyiag the finer In a practical country, and an ago which has 

rawwed the popular love for art, it is needful to waste wonis on the 
ooocIanoaT 

To state tho plain facts should he sufficient : we have seen that the 
R<imAii ■tyl«> w n heterogeneous and meehaniual formation, put together 
from ' I ' V lu« by a tasteless race, by whom they were rnisundcrstiMtd, 

and ■ political causes before it h:td re.-u-heil Ihat Ktn;;e of unity 

ivItK.li ».'-i.- ^i,,.4a soul to art. Tlua style, n.stiti>re<l in part from ruio*, 



in part from the treatise* of Romaa theoriaore, was applied in lat«r 
times, when society was altered, to the palaocs and churches of Italy and 
France, during a century of the deepest social degradation, — to ministar 
to tho luxury of Francis or Dorgia, or supjtly templee for the infidel 
au]icrslitiom) of Leo aud J\diu8. It was never treated as suitable for 
ordinary hfe - it eamiot be rendered suitable for it. Unable to conde- 
scend to a cottage, it triumplia as the decoration of the stage. Palladian, 
K«;nftissAnce, Italian, Louis Quatorze, Louis yninze -whatever name it 
bears, it is still but the copy of a copied architecture — a galvautJMl 
pedantry. 

Architecture such as this can have no hold on men s hearta; Tii^ar 
pride or h<ameil connoiaseunhip are the only tastes it appeals to. And 
fnim its fatal domination has arisen an evil wome than the frozen furmaltij 
it fosters; wherever this PalLMlianism Iiaa spreml, with it spreads lik^ a 
canker that dead indiflerence ti> the art, which will never be cured whilst 
men live in house* jind meet in buildings thiit can give them no real 
pleasure, But when once a practical, intelligible, and Iwautifnl tityle 
arises, the natural delight in architecture our race has always taken in 
healthy days of taste, will arise with it, and the cold arrogant s{iectroaof 
tiie bastari Roman pass beyond the reach of contempt itself. Nor should 
it be fancied, tluit to return to former excellence involves that copied art 
which will never be other than lifeless. Gothic, fair as it was, never 
reached its full development; we have but to take up the throail which the 
dilettjuite dr<ip|>ed, and carry out, with far grvater means, the style 
invented for us by our neighbours and our countrymen. 

The examples here quoted have lieen mostly selected from churches — 
ImildingM which iH.th invited the greatest skill and have survived most 
fre>^\iently to modem days. But the peculiar gloiT 9f (Gothic in all 
its phases is, tltat it is equally mlapted to every architectural requin-nient 
of human lif«. No otli^p Htyle is at once so high, and so humble; so 
rigid in obciUence to its purpo»M>, or so free In arrangement au'i detail 
\V'hat was done of old in the minster, waa done in the street; tlie stylt) 
of the Country was the style of the Town. ThiswsA not an architecture, 
as those of Egypt aud of Greeoe, reservod in its purity ftir religion; not 
as that of Hume, incapable of descending without loss of essential 
character to pivate dwellings; but like the ' cmiinon sun, the air, the 
skies,' suitable at ouoe to the church and the palac*, the factory and fix; 
town hall, cottiige and castle; taking each material and carrying to ih*' 
ntmost its capabilities, fiom the marble in Jtsi snowy slab or purpl"- veined 
tablet, to the earth of the field, or the rubblo of tin; quarry; at home no 
leu in sho[>ti and alleys, than where the maniir-huuse lights up the land 
sca|ie with its gray or nisset gables, or the valleyside chapel sttmils, like a 
chased taltemacle of precious workmanship, amongst ruile roi-kf. and lh«i 
frowning mountain walls of nature. And it should spwcially lie noted, 
that Gothic alone luw lieen able to beautify the dw^ellLngs of the ]ioi.r. 
These are no idle phrases; they are strictly exampLiticd during all th» 
oenturies of tho roxmd and p<iintcd Gothic; nor, so for as we know, ho* 
any other style lieen equal tu the same univcnudity of service. It is not 
on remote or elalK>mto or antiquarian reasons that its excellence restd : 
Gothic i* simply the one style which, by the circumstances of it« develo[i. 
ment, has united in itself all the best constructive and the best ornamenlal 
forms of tlie world's inventions in .Architecture, Fnjm the hiwlienl 
offices of use to the loftiest majesty of loveliness, tills nol.ile art hiM 
shown hei self equaJ to the occasion; unnmtrieted by varifcticH M climnl*', 
nay, finding in them only additional oppirtunities for beauty ami for 
conveuitnce: at once the most economical iu means, the most varietl in 
ntlaptabilities, the mitst intelligible aud exquii^ite in results. It is no fin>.- 
figure to say, that by ten th'iusand proofs Gothic has stamped itself on 
Xhe fail face of Eunipe as the Arclutectnre of Heaven, and tlie Archi- 
tecture of Home. Man's rwjuirements iu the province of building do 
not substantially vary; they are ainong>«t the things ' that have been, and 
will bo again.' In this matter, then, on which side is Common Sens*?' 
Why seek impossible new fonue, cr ri'jieat .style^i which are bastdrd, or 
lifeless, or unpractical,— whilst men of like passions and IiKhmI with oiu- 
selvos have solved the problem once, perfectly, and fur ever." 



THE STATICS OF BRIDGES. 
The Suspension Chain* 
To construct tlie C'atenary Curve when the IIorizoDUil Tension 
is known becouiea a simple matter; aiuc^ the direction uf tho 
Tangent at any given elevation can bo readily fi>uutl (as .shown 
in the last pairei), aud tbia enables tlic tM]iiidiiilaut urdiuates to 
be successively deterwiued. 

Fig. 37 shows the process of describing the Catenary after 
thia methotl. The Horizuutal Tensiou T is giveu, aud also v, 

T 
the sectional weiglit of Ihe cliaio, to that =a, (or horizoDtal 

t«U8iuu iu terms of weight of cb.^iin). La kuowu. The Directrix. 
MN m first laid down, anil the DirecUug Circle MuN described 



* Cootiaocd froa psgs Tl. 
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with radios = «. The axis OY is subdivided at the points 
1, 2, 3, 4, &c. (the intervals being equal or increasing, as nmy be 
found convenient). The lengtlis of (he successive tangents to tlie 
circle drawn from these points will, as already exydaiued {anfe 
p. 71), be equal to the successive lengths of the arcs 01 (= *,), 0^ 
(= *j), 03 (= JT,), OA (= *,), &c. To find the horizontal distance 
01, a right-angled triangle is drawn on the base MN = 2 a, and 
with the vertical 8i<le Na =: «j ( := .T;, then ly being equal to the 
first subdivision of the axis OY, Ml is equal to the first hori- 
zontal subdiviHJon I. 

To find the next distance, 1 2 horizontal, follow the same con- 
struction, only ninkiug N» = *, -+- *j, To find 2 3, make 
N# = *j -J- »y To tind 3 4, make K» = g^-\- *,. Core must be 

Fia. ST. 




Sodioa of Curvature = 



L 



taken, -when the subdivisions on the vertical axis are not all 
made at equal inter\-al9, to make ly in the triangle equal to the 
vertical interval (d I, 1 2, &c.) corresponding in each instance to 
the point to he determined. The horizontal distances 01, 1 2, 
&C. having been successively found, and plotted off on the base 
line on either side of the a.\is OY, the poiuts 1, 2, 3, &c. iu the 
curve are obtained by the intersection of the ordiuatea in the 
usual way. If the triangle becomes too large, proportionate 
lengths may of course be substituted for 2a and a. 

The radius of curvature of the Common Catenary at the vertex 
IB = o, which accords with equation (D), ante p, 70. The 
radius of curvature at any point having the vertical ordinate y 

(a -U «)» 
is = -. And since, from equation (8), ante p. 71, t = w 

X (y + o)j it follows that the radin.s of curvature (with a given 
horizontal tension) varies as the squiire of the tension in the 
direction of the tangeut, the tension being taken in ternas of the 
sectional weight of the chain. 

For Catenaries genei-aily, the following equations exhibit the 
relation that holds between Curvature, Tension, and Sectional 
Weight. T is ihe horizontal tension (as before), / the tension in 
the directiou of tlie tangent, and a the angle of inclination witit 
the horizon: — 

Sec»a X T 
Sectional weight 

Seca X < 
Sectional weight 
fl 

T X (Sectional weight) 

When the chain carries a load, the rate of loading measured in 
the dii-eclion of the tangent {i.e., per foot run of chain) has to be 
added to the sectional weight of the chain itself 

It has appeaj-ed necessary to say thus much about Catenaries, 
ftr the curves in which chains hang as determined by Iheir sec- 
tional weight, as the subject forms part of (he theory of sospen- 
•ion bridges. But the determination of the curve due to the 
suspejided load is far more generally required in practice than 
that to which the unloaded chiiins would adjust themselves; and 
in this inquiry it in of course moat cimvenient to Uuke the hori- 
sontal rate of loading (per foot run of platform) rather than thn 
rate of loading per foot run of chain {ante p. 70, col. I). 

From equation (C) {ante p. 70), 

d*y horizontjtl rate of loading 

dx* horizoutai tension 

It therefore follows, that when the rate of loading is uniform 

rf'y . 
throughout, ^ is constant, showing that the curve of the 



chains is in such case a parabola. Calling P the parameter, 

<Pu 2 
T-^ = from which it is rca<lily found that 

flj IT 



P = 2 X 



horizontal tension 
horizontal rate of loading 



(1) 



Since the ordinary and the greatest loads on saspeusioi 
bridges are generally uniformly distributed, the parabola is th( 
curve of must common application, and its extreme sLmplicit/l 
renders the study of the question comparatively easy. ' 

The following equation gives the parameter (P) in terms of the 
span (S) and rise (H): — 



4H 



(2) 



From equations (1) and (2) is deduced the following eqaation 
for determining the Ilorizoutal Tension (T), when the Span and 
Riae are given: — 

_ = t ^3) 

8H horizoutai rate of loading 

"When the parameter p is ascertained, the ordinates are readily 
calculated from the usual equation of the parabola, viz. — 

y='4 <4) 



The radius of curvature at the vertex or lowest point= — 



The parabola may be describoii without calculating the ordi 
nates, by the construction shown iu Fig. 38. OY is the axis of 
the curve, and (^D the span. The rise CA, DB, is either giveu, 
or (if the parameter only is giveu) found from e<:iuatioa (2). 
Divide the Ivdf-span OG and the rise CA into the same number 
of equal parts. Number the points of subdivision 1, 2, 3, &c., 

Fi6. SS. 









C B 4- 3 2 



from the vertex (which is zero) on OC, and 1, 2, 3, &c., from C 
(which IS zero) on CA. From these last points draw lines coU' 
verging to the point 0, and upon the points in OC set up ordi- 
natea. The iuterseclion of each converging line with a 
ordinate nf the same number is a point iu the parabola. 

If the rise CA is not equal to DB, the vertex will not come in 
the middle, but its distance from the half-span may be deter- 
mined by the formula given ante page 70, col. 1. . 

In calcuJatittg the actual leusion of the chains it is of course' 
essenli:d to take in their own weight, which as already observed 
{ante p. 70,1 may usually be dealt with as. if it formed a part of 
the uniformly distributed load on the platform. When the ex- 
tent of the span is so considerable that the chains become very 
massive, more especially if they are vf increased section toward* 
the towers, it may be perhaps found advisable to take the rea 
tive weights of chain for each horizontal subtlivision of 
platform, so as to find the exact distiibutiou of the total weight 
of chain and load. The trne Curve of Moments conld then be 
coustriicted, so as to enable the actual line of the suspen 
sion chains to be drawn or calculated with any degree u 
nicety. But in ordinary cases the depaiture of the line ol 
the chains from the parabola is too minute to be of anj] 
account. Take as an instance n bridge of a hundred feet 
span and ten feet rise of chain. The distributed load on 
platform tends to bring the line of chain to a parabola, oi 



I 



VVTJ 

ard«^^ 
the^ 



which the equation is y= 



230. 



For the same rise and span th( 



equation of the Common Catenary is 

*~ 2 Ve "4-e 

a beiug (approximately) = 126*61. 
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If we call the departure (i<a measui-ed plamb) of ibis cateaarv 

;from the panvbola x, we shaU find that r becomes greatest at a 

^di.stance of 'A-'t feet fi-ora the half-spun, or 16 feet from either 

tower. At Uiese pniols s=Ou32 feet, or the catenary droops 

I below tlie parabol.i by a litUe lass than one-thirtieth of a foot, or 

little more iIimq 0'38 inch. 

This drooping of the catenary indicates a differeuco at either 
^poiut in the luometit due to the weight of the chain, compared 
rith what it would be if the weight were equallj' distributed, of 
•bout WG3 : 1, or ^ J ^th part. 

The effect of the cliains being drawn up at these points, so as 
to coincide with the parabola, wvmld be to throw iijiou the plat- 
form the task of convening the «iie<]imlly distributed weight of 
the chains into an equally distributeil load; or of rendering 
an equivalent service by nio<iifying the bearing of the auspanded 
load upon the rod*>, so as to throw more load upon the middle of 
the cliaitis, and less upon the sides. 

If we suppose th;it the roadway by its stitfncas thus rectifies 
the tendency of the chains to lapse into a slightly fuller curve 
than the parabola, and calculate the consequent strHin on the |>lat- 
furm, we shall find it to he extremely small. sK*-'' P^*"' of the 
entire weight of the chains placed at each of the points of greatest 
difference (or 15 feet from eitl.er tower), would, if the platform 
were not suspended, produce au eiiuivalout sti'ain. 

The lengths of the parabolii and catenary supposed would 
only diifer by 5\^th j)art of an in<"h, nr by about 5-oi,j.,th part 
of the entire length of either; a ditference which a variatiou of 
temperature of 3* Pahr. wouhl neutralise. 

When it is further Uken into account that the roadway of any 
suspension bridge must )Ki!<^?s8at least aniwierate degree of stifi- 
ness, iu order to withsfcind the force of wind, as well a« to cor- 
rect to a greater or leas extent the effects of partial loading, good 
reason will be seen for regarding the parabola as the real prac- 
tical carve for suspension chains. 

(To If continued.) 



THE ARCHITECTURAL EXHIBITION 
" Coiieludttl from parje 151. J 

TuE "Malvern Wells Railway Station" — in reality a very 
pretty and clever work — is scarcely pictured to advantage in 
(101), though its chief merits are t« be realised in its subordinate 
Jetiils, and covered shelter, in which various effects of colour 
ar« snccessfiUiy grouped, these being the more distinguiahabltj 
owing to the method of lighting from above which has been 
adopted. (101a) shows thefdrawing which obtained the Students' 
Prize at the Institute of British Architecta, and is by Mr. R. U. 
Carpenter, a son, we believe, of the lati? eminent architect of that 
name. Like the majority of its clas.s, it in in the prevailing type 
of Itiilian Gothic, treated however as one bold mass, with seem- 
ingly well-studied det;iil8. In the *' Desiirn fur Cnunty and 
Borongh Halls, Guildford" (110), by Alessrs. Hooker and Wheeler, 
we are at a loss to discover its claims to be " select etl by the 
committee of toiite, and recommended to the shareholders for 
ioptiou," the whole conception being of the most meagre kind, 
weak in appenmnce, and 8tinle<l in everyway. A "Sketch for 
imuigement of Schools" (112), may be e.\plained aa in plan cou- 
^ listing of the three chief divisions of the rooms radiating each 
from ft common centre, an arniugemeut open however to some 
objectiotui. (1 13a) " Oaklauds" is a mansion iu Northvimberland, 
• SNCted by Messrs. Walton and Robson, nho also contribute in 

Iff— SSi) a series of really excellent designs, chiefly for schools 

Ipnrsonages. It is perhaps unnecessary to remark that these 
are all Vmsed on mediaeval principles, and they have the merit of 
expreasiiig their several purjumes by the speeial characteristics 
which each part is made to assume, and this without any undue 
rxpondilure of funds, if we may ju'ige from the delineations 
before ui. We commend to especial attention the "Belmont 
Parsonage" (217). A "House" near Durham, by the same archi- 
tects, shown in (254), is deserving of a like mention. 

At in former years, Mr, ,1, P, Jonea is n libend exhibitor. The 
lar^ frame (114) sent by him, illustrating "Buildings to be 
erected, — now erecting, — and, not to be carried out at present," 
offers, on the whole, an excellent and somewhat formidable look- 
ing arr.-iy. Mr. Jones possesses a ready skill in making the best 
use of the means at his command, whether we regai-d the adapta- 
tion to a given site, or the practical working oat of his ideas. 



Tliia is fully bo^ne out by an examinatioa of the various drawtugs 
just referred to, and which number about a dozen. With somo 
of them we had previously b<>come familiar iu another guise. 

In III."*) Mr. J. Drayton Wyatt cvhibits five perspective views^^ 
the most noticeable being No. 1, the Interior of Ring's Collegai< 
Chapel, London, as now in progre.« from the designs of Mr. 
Scott, at whose hands the old oWong Classic room of Sir Robert 
Smirke is undergoing a complete transformation. The new 
scheme is founded on the ancient basilican arrangements, the length 
being divided into nave and aisles by slender iron columus, 
coupled, and of twisted form. The ea«t end is a semicircuhtr 
apse, ou the domeil ceiling of which is indic-ited painted decora- 
tion. The roof over the nave is open, of mther low pitch, the 
principals consisting of semiciicular arches springing from corbel 
shafts, and having the panel-8|)aces formed betweeo the inter- 
sections of the trusses and purlins tilled with inlay-patterns, to 
be constructed out of various coloured wooda Mr. Drayton 
Wyatt also exhibits (2:24) a view of the "New Ijbrary" now 
being erected at Harrow, in remembrance of Dr. Vaughan, 
till recently the hea<l master of the school. 

I^ulah Hou.se, near Diiiham (120), by Mr. Gibson Kyle, is one 
of the very few modero Itulian mansions of which it may be said 
that the requirements uf the' stvle are ])reserved withuut any 
apparent sacrifice of more essenti.-il features. It is altogether a 
most 8.it tsfactory pro<Uictiun. Very little ornamentation is in- 
troduced, the chief etlect iu this res])ect being gained by rustj- 
Okted quoins judiciously managed. Mr. Appletou's two designs 
for the Devon iiud Cornwall Bank, Totnes (122, 128), are, by a 
strange oversight of the hanging committee, separated. This i^ 
the more absurd, since they are both based ou precisely the saiwo 
plan: uot that we have any especial idea of the merits of either, 
though to one of them (lis) the first premium was awarded. 
Cue of the best studies iu acconlanee with Mediajval precedents 
is shown in (131), the south porch now erecting at St John's 
Church, Yeovil, from the <lesigu3 of Mr. R. H. Shout. In thi«« 
the curiotis localisms observable in old West of England archi- 
tecture are well identilie<<, more particularly the mode of treating 
the square label and the lnw curved gable over it. The whoJ-,- 
of the riniwing is very cureful. 

An im|H)rt.-int and promising drawing (133), is described as a 
Competiiiiin Design for Iiiijirovements at Bath, and is by Mr. W, 
J. Green. The scheme embrace? a new street, provision mar- 
kets, abattoii-fi, &.C.; the view before us representing the interir 
of the central market. In the constnicliou of this buildi 
metal work forms, as may be expected, the prominent featnt 
The roof, too, is of iron construction, and of low pitch. Tho' 
general idea is a happy one, and has been well worked out. 
Mr. Knighlley's five sketches (134) are unfortunately hung so 
high up as to preclude their being examined in detail. This is 
the more to be regretted as they appear to be quite deserving of 
a place "on the line." They comprise different views of the 
stables and riding school at Chnntilly. Mr. C. N. Beazle/.n 
design for & church at Pentonville (136), shows that its author, 
has yet much to learn in mastering Gothic principles. We ban 
already adverted to the clever Gothic sketches by this gentleman] 
(61), as exemplifying the kind of study likely to be most service- 
able in acquiring this knowledge. Of Mr. J. Johnson's design 
for Stockport Observatory (138\ we would just remark tliat 
among other iibsurditics it shows a main pier so cut through and 
weakcne<l that it would unquestionably be dangerous. No. I4t, 
" Design for a Cemetery Chapel," by Mr. Wimble, has some 
very good features, but is withal too smart for its object. In 
(144) Mr. W. Homann exhibits a beautiful arrangement of colour 
in decorating a "Renaissance C-iliug." Several other works by. 
this artist demand a like praise; such as (119, 127, 291); also th«^ 
beautiful design f)r wall decoration, shown in {306). 

We have already referre<l to the competition for the Hull 
Town Hall as well illustrated in the present Exhibition; (IfiO) 
is Mr. Goldie's design for the same, which bears the stiunp of 
that boldness and originality which most of his works evinc*- 
thougli all may be traced to that peculiar type of Northen^ 
Italian examples, which now run so high in public favour. 
Another good design of a similar kind, that for the "Com Ex- 
change and Public Offices, Newbury," by Mr. C. J. Pbippe, 
would have been still better had the details been less cohrses] 
but in (172) Mr. Salvin treats us to a bit of genuine Old Englisli 
Gothic revived, of domestic character, such as that clever archi- 
tect has so closely and profitably studied. It represents ibo 
" Master's Coort" at Trinity College^ Cambridge ; the drawing 
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before us (which by the way hardly seems to do justice to it3 
Dierila) b«iDg by Mr. J. 8. Stalter. Mr. Mileham has ivro per- 
spective viewa (17o, 17rt) of the desiga which obtained the Sojine 
raedAlHon from the Institute of Biitish Architects, but which we 
cannot bring oni-selvea entirely to approve. There is nn affected 
severity of handling whicii Heeins quite ntii of pluce, although in 
a "Museum for sculpture and [Hiinting" it is doubtless correct 
that the contents of the building, rather ih.iu the edifice it«elf, 
should be the attractive feHtnre. We olwerve a little faulty 
perspective in some portions of the drawing too, for which we were 
linnlly prepared. The "Croydnn Cemetery ChapeU," by Mr. 
Itobin.s, have, if wo rightly reraeinber, been exhibited before as 
drawings; however, in the 8ha[)eof photogniplm, of which st-veral 
are grouped in (186), they may again be uolicwl aa nither above 
the average, A piir of Iron Gates (lf)2'i, designed by Mr. Kuw- 
ler, Jan., for Don E]scandon, Mexico, and which have been nianu- 
facturi-d by Messrs. D. and E. liiiley, of Holborn, cannot be 
<.l is-;i(l under any particular style of art, but partake chiedy of 
Llio lu»naissance clement. They are well arranged as regartls the 
dispusitiou of the ornaments, which, in the upper part especially, 
are freely and tastefully mauage<l. 

Some charming gem« of colour arrangement are noticeable in 
the sketches, by Mr. J. P. Seddon, of some ancient continental 
staineil glass; the subjects being the Crucifixion, from the 
Church of St. Remi, at Kheims, and (l^f*) a study of three figures 
from the west front of Rheiras Cathedral. 0>i looking at these 
specimens, and comparing them with modern work in general, 
one umnotbut be struck with the disparity of the latter; we have 
yet much to learn from the old masu-rsas to the due relationship 
which should prevail between forms, as expressed by individual 
outlines, and such as depend chiefly on a cettaiu arrangement 
of colours, mora or less vivid, yet in faithfid snbaerviency to the 
general tone of the whole. Several wellilosigned "Villas, 
Loilges, Ac," are shoxvn photographed (in liJ4") by Mr. J. Giles. 
Those of Italian chara^-ter are, however, to our mind, preferable 
to the Oothia We |>articularly ailmire the gate entrance and 
lodge, and not the lesoi so nn accotint of it« common-tiense sim- 
plicity. The materials are white and red brick, with Bath atone 
riresainga, and Italian tiles on the roof. "" 

Mr. (>. E. Street is a contributor of but one drawing (195), 
which is the exterior of a very unpretending church about to be 
erected at firightwaltou, Berkuhire. A well-proftortioned tower 
rises at the west eml of tiie south aisle, and is tinished by a plain 
ahingle bioach «pire. There is apparently a attm" roof to the 
porch. The "New Presbyterian Church," now being erected in 
IslingtoQ, by Mr. T. C. Clarke, and of which an interior and 
exterior are given (201, 201!), is tleci<ledly a very commonplace 
~air; thougli thure is an evident .attempt at originality, which 
■unfortunately here takes a wrong direction. The advis:»bility, 
too, of trusting a heavy roof so feebly constructed and Hupp<ivteil 
as that of the nave, aj))>enra questionable. In a pretty little 
drawing (203), Messrs. Huoker ami Wheeler exhibit a "Ciompe- 
tition Design for Schouls at West Bromwich." These are of red 
brick, rather plain in detail, but well grouped; a very good 
feature being made of an octAgon tower, or staircaJie. "Unjon 
t.'hapel, Higiibury," as recently altered (209), is transformed 
from a well-proportioned and consistent Claaeic building into one 
of a decidedly nondescript kind. It has undergone rcpeatetl 
change:} during the last twenty years, and it is to be regretted 
that in these alterations so much has been conceded t(^ providing 
accommodation, at the sacritice of corafi rt and good taste in other 
respects. "Shttckburgh Church, Warwickshire" (211), appears 
to be the remodelling of an old edifice, and this in the most florid 
Perpendicular style. If there be a fault, it is that of over rich- 
Tjess. and a degree, of ehaboratioa in the roof, which the building 
itself scarcely seems to call for; while it is possibly questionable 
llow far hucIi a thoroughly eaisteru-county tyjie of re-coustructiou 
throughout should have been transferred into a district where 
" ammer-heam roofs and other features are almost, if not allo- 
*gBther, unknown. 

Miss KTravers again sends a welct)me drawing, boldly mani- 
pulateil iudeeiJ far a female hand, and withal more truthfully 
than many would-l>e architects care to produce. It shews (il3) 
the curious Norman chancel arch in YaverUnd Chuich, Isle of 
\\ T.;lit. In (2l.">) Mr. T. M. Rickraau exhibits some spacious 
^'lioois he is now erecting iu Kentish Town. They are plain in 
character, but retleemably satisfactory iu general an-angemeut 
and treatment: the walling is clnefly of i-ed brick. Several 
important competition drawings, by Meesra. Grben and De Ville, 



illustrate their design for the proposed Palais de Justice, Brussels, 
and are shown in ii05, 210, and 2^5 ) These are quite 8|^>eoimens 
of their class, and models of study as regards the plau.o, which i 
have evidently been prepared at the cost of no little time and 
labour, so that it is gratifying to find that they were rewarded 
by a thinl premium. Messrs. (^Jreen and De Ville are atuouitl 
the most liberal contributors to the Exhibition iu the shape of] 
competition dniwings ; and Mr. Creen individually contributes j 
his deaign (a very clever one) for " Improvements at Bath," 
(:!i.s, 237, 240), comprising new street, provision markets, abat* 
toirs, &C., which obtained the secoiul premium. Mr. T. Vaughaa ^ 
luaintaina his position as a paius-U'iking and industrious student. 
His "Sketches from the Continent" {22^ — £36), are as carefully! 
detailed as those of former years, but are mora indicative as yet j 
of patient labour than rapidly expressive skill. One of the most i 
attractive competition <iesign.'j exhibited is that by Mr. W. Wil- 
kinson, of which the front elevation and an interior view are 
giveu iu (238, 230). Boldly c<:)nceived, aud well carried onl, on 
the light iron au<l gl.iss priuuiple of semicircular roofing, it borB 
away the secoml premium. In some respects it widely ditl'era ' 
fix>m the selected design, us now being executed, and tliawiuga of 
which we look in vain for ou this or any other Exhibition wall, 

"Coloured decoi-atiou." as sdiown by Mr. Lightly in a series of 
Italian roostucs (:241), is of a very useful kind, the paiterna being 
well chosen, and by no means intricate. ISIr. W. White aeude 
several drawings, of which "St.inhope Rectory, Norfolk" v245;i, i 
appears to be the least whimsical, all being more or less often to 
this charge. In Mes-srs Hooker and Wheeler's restoration of a 
maiisioa in Kent (^53), there are some very good poinu, as well 
aa in the Manor-house at Brymplou, D'Kvercy, tfomet - " , 
exhibited by Mr. R. H. Shout. S>nie ''Warehouses" ( i 
by Mr. T. C. Clurke, will add to the alreatly attractive lu.i.v-^i's i>r 
new buildings of that clas-s eastward of St. Paul's. Two or llire« 
large aud well-drawn picture."* are devoted to a " Design for a 
College," by Mr. Ernest George. Uf these, the Interior of Hall 
(208), and a portion of the Elevutiuii, showing the principal 
group l>etweeii the qoadiiiuglo (il71), strike us as the most ori-j 
giual and effective, though the whole betokens considerable apti- 
tude ill design, and a due annual u I iiuce with Gothic details, Mr. 
Joseph Clarke's oidy contribuiioii is the Interior of a Church at] 
Poiut-de Galle, Ceylon {ill), in which the uecessifies arising 
from the climate of the place apfiear to have been succeasfnlly 
met. A large cartoon of stained glass (27f ), by Hcatou and But- 
ler, which is pl.aeed over the door, is a very clever compuaition. 
The subject is " the EntombmenL" 

On the screeus iu the room are several drawings which our 
space will not permit us to iiarticularise as their merits deserve; 
we must then-fore be content with noticing a IVw: .iiilii) shows tu 
a large scale some of the be.nutiful details which Mr, Wilkinson 
has embodied in the Urge buililiiig he has erected iu Bif»ho|>8gate- 
street; (iJOS) is a»i attractive sheet of selections frum the Archi- 
tectural Publication Society's ' Dictionary of Architecture,' which 
we are glad to find is progressing rapidly as well as sutisfaclorily. 
A recent visit to Worcester has served to conhrm the rumour 
that the exquisite Guesteu Hull iu that city was thtomed li> be < 
swept away. The walls are by this time probably levelled lo the < 
ground. And this in spite of the most urgent proleslaiions, uud 
without any suthciently justifiable cause. Thanks to Mr. 
Dullnian, its deUiils have been fully as well aa carefully analysed, 
and published in his ' Examples of Antieut Domestick Architec- 
ture.' Mr. H. C'urzon, also, in (300) of the present Exhibition, 
gives the roof with equal accnnicy and to a large scale. Ani>th«r 
very excelletst drawing of the same class, is (30:2) by Mr. T.J. 
Willson, iu which the "Stalls of Lincoln Minster, "as measured 
and drawn by him, are illustrated even to the minutest detail, 
and accom pan ie<l, moreover, by a small plan showing the original 
arrangements, which in some re3|M;ct8 differ from the e.xiatiAg 
ones. Nearly the whole of the second screen is devoud to iv 
" Selection from the sketches of the Cliiss of Design of the Archi- 
tectural Association" during the past session. These ^kelehea 
embrace designs for roofs, sUurcases, staljles, Cftacli-lious«s<, 
windows, lodges, pavements, sculpture, metal work, &c., and aru 
of various degrees of merit, but we are disposed to single out, :<« 
among the best, Mr. E. J. Tarver's "Urnnmental Hinge" (;U5), itt 
whicii is introduced the auiyect of the "Temptation of Eve;"— 
" Natiotial Schmds," by the same gentleiuan, albeit they am 
rather fanciful; — " A Hinge" by Mr, M. H. Thomson; — a^ the 
several designs for " Entrance lodges and gates." 
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TaK PcotM Collection of Drawinos axo ScBTCBm. 
T' - '■ ' nctive feiitare of the preBent Exhibition — one indeed 
ieut in impoi-tance to constitute an exhibition by 
L^kc.. .- .lie vast collection of aketcben, drawingB, and wiiter- 
■■■lour elTccls, from the hand of the late Welby Pagin, and now 
me property of his only son, Mr. E. W. Pngin, to •whom the 
public at large — -but the architectnral profeasion especially — are 
indebted for the privilege of thus beholding the reanlts in part 
of that amazing energy and aptitude in handiwork which could 
thua condengc far more than tne uaual labour of a lifetime into 
that of a very, very few years. Pugin died when he hud scarcely 
pftsaeil his fortieth year, but he left behind him rocmoriaJs of 
indomitable perseverance, iu tracing out and pui-suing a then 
Iklinost untrudden path, one beset with ditbculties, which to ail 
ordiunry explorer wouM seem insuperable, but which that 
luuter-mind w;is enabled BUt.>cesafnl!y to combnt. While there- 
for i:'a1I>kI upon to make allowances for those peculiarities 
V! l.'dlhe individijality of the man, and which iin<loubt- 
fei,. " . i-..jually led him beyond due bounds, it isi impossible to 
oon template, even for a moment, thcchain of cironmslauces wliich 
gawli^d hia aclious from tiaio to time, without the irresistible 
coarictttm tliut IIioho actions were based on the purest love of 
him »rt, al who^ie shrine he was prepared to «acri6cc worldly 
(/istinctioD, wealth, comfort, and, as the event proved, even llie 
Itself- N^or must it be forgotten, in scanning the boat of draw- 
ings of all kinds, of which those before us are after all but a 
mex** sample, that nearly every line and touch was suggested by 
his own mind, aud |)roduc<»d by hia hand alone. Pugin was 
eir>jr>h*tically his own draughtsman: he scorned to live on the 
bm.i na of others, and allowed no one to interpret bis own ideas; 
he was his own de.signer, delineator, and colourist; the sole 
aut-Hurof all that by pen, pencil, or brutih was endoi-st-d by hia 
well-known initials, to which wan not uncommonly appended 
hi« significant motto and constant watchword, " En Avant." 

TliL' illustrations which, under the terra of the " Pugin Col- 
lection," are now hnugon the walls at Conduit-street, completely 
fill those of the wost gallery, besides several large screens in the 
tre of the room itself. To these must agaiu be added the 
folios of working drawings, which, though less pictorialiy 
live than the subjects which are framed, will be examined 
^he professional eye with certMiuly not less interest. The 
aide of the room is occupied by a series of " Designs of 
e.xecuted by Mr. E. W. Pugin, who is praiseworthily 
_ ig in the ^ame path which his father rendered so famous. 
Would t>a quite su^terfloous to aticnipt anything like a cri- 
licnl description of this UDrivftlle<i colleclinn. while anything short 
' " would merge into a kind of witaU'gne merely. Leaving, 
r?, the general mass, we must be content to state that the 
< from Ohartre.st, Evreux, and Caen, on the north wall; 
iVom Aviguuu, Milan, England, &c., on the south; aud 
r ) foreign sketches on screens Nos. 2, 3, 4, •!>, 6, will be 
•Muineutly valuable, buth as moilels of expression, and 
". :''ireg of design, while the mure elaborated drawings of 
' ' ij Urauge. near Kugby — perhaps the most successful of 
' "i'lii's domestic structures — aud those for his own house at St. 
^U)pntiu's, Itimsgate, will be regarded with equal curiosity and 
d«liglit Nor must the marvellous achievement which suggested 
Mil perfected the hundred and seveuleen "Designs and Pl.nns 
«f the restoration of Baliol College, Oxford," be pas-sed over 
without comment, and a word of pas.sing regret that their accora- 
pll«hiMi author was not permitted to realise his well-digested 
*A«nie, In the " Scarisbrick IIbII " he was more fortunate, 
*^ has displayed a portion of the results of his labour iu the 
•wven drawings which grace the north wall. Then, also, the 
*^Vte No. 1 contains a vast store of thought, as indicated in 
'J* 16(1 original designs which are there arranged; and some of 
*• idau for the com[jletiou of the fJom.in C.itholic Cathedral, 
■*ithw»rk, more especially a rough but highly eli'ective elevation 
•i tJiewest eu<l, showing the tower and spire as proposed to be 
^^pleted, leslity to that versatility of genius and power of 
*''lealion in which Pugin then had as few rivals as he has now 
P?'«oe successors. 
°Ottn» interesting leaves from his diai-y, at a comparatively 
Age. which are displayed on one of the walls, show the 
ive natui^ of his mind, and the picture of the distinguished 
■Sect intended to be realiiied by those who were not person- 
[uainted with him, is rendered still more comj)lete, by 
Uy memento.B with which the s|>ectator is made familiar; 
the portrait (life-like uo doubt) of Pogin's father, the 




authorof the well-known "Specimt-nB" and "Examples" of Gothic 
architecture; and by the highly- Hnished portrait of himself, 
by Herbert, R.A., which has been engraved; also by the examina- 
tion of the original manuscripts aud illustrations of several of 
his published works, and which, though kept xmder lock and 
key, are left in charge of the curator «fxpre38ly for the purpose 
of examination. 

We may remind our readers that the Exhibition will dose ob 
the 3()tb of this month. 



INSTITUTION OF CIVIL ENGINEERS. 

April 29, and May IS. — The finjt paper read was " On the Sta Dyka 
of Stetvig aitd ffoUtein, and RtcUuntUvm of Land from the Sea. By JoBK 
Paton. M. Inst. C.E. , 

AfttT referring t<j the viwt extent of land inclusMl hy these dykes, at 
Iwiijg jtrobttbly gruater than in any other part of the world, the autihnr 
pointtid out the chanijes to which the west couit of Denmark lw;l been sub- 
jected, and the influence wliich Much variations Wl luul on the dyk<> 
works. In illustrating this }>arl nf the subject, tht- line of deinarcadou 
between the elevation and depreaainn of the ScandinaTinn Peninsnla was 
alluded to, nod it was shown that south of this hue there hiwl btaen tu> 
gcnerivl depression of tho land for inany oeuturies, an old Viking harbour 
un the Island uf Kumoe being instanced as having undergone no changv, 
althdugh local variation* had taken place. An account was then given 
nf tJie principal gtorm Hik.-Im which had occurred on the Danish coa*t» 
daring a periivl of twi> thoussad years. The traditioual stite of the 
c«aat before the Christian era was then described, and itti condition in 
A.D, 1240 and in 1860 was shown by diagrams, from which it appeared 
that the old iMundary of the main htnd wm rmtfiide the present islands, 
the collective area of which originally amouuted ti-t 1500 square niilew, 
Tho author believed that those variations were ciwing to a general sub- 
sidence of the land (and nut as undeniUVid by the term encruachuient of 
the sea), and facts were adduced of the existeaoo of vast subiuarine 
forests, and even subinahuu ttitnuli, in which stone and flint weapons had 
l)een found, aosignetl to an age nearly four thousand yean ago. These 
forests, and also Bubmirine {lunt bog», in which were diiting^uished the 
fen plants of fresh wsitcr, tojjether with trunks of trees, were met with 
almost everywhere on the must, under the present surface of the sea, 
sometimes being covered with a depth of I'i feet of water. It was con* 

sidere*!, for various reasons, that the sudden and general d r - f the 

land probaVily occurred about two thousand veaii? ago ; wli up.- 

time, it was pointed ont that local sultsideace and other ^ l : [umI 

taken place. A great part of the uiarsh land rested on peat moss, aud 
on water containing peat, which continued to »ink luitil far Iwlow the 
level of the tea. Thu Wilst«r and the Kremper marshes in Holsteiii, 
oovmsg an area of about twenty sfjuare miles, were illustrations of thesr 
changes. It was stated that when a boring was made for the purpoae of 
testing the nature of the CTOond, the rod suddenly dropped sixteen feet. 
and a stream of gas rushed upwards, and burned for several <lays. When 
a high rise of tide occurred in the North Sea, salt-water springs had bunt 
forth from the marshes ; and, had the pressure continued, the utter de- 
struction of these marshes woulil no doubt have been the result Immeose 
exertions had been made to remedy the evils arising from these peculiari- 
ties. The phenomena noticed in these marabee, together with tho salt- 
watfT eriiptions and curious storm floods, were considered as highly 
important in the design and ccmstruction of engineering works, and aa 
afl'oi-ding the means of 8atisf.^ctorily aciHiuntitig for' some of the most 
tremendouB diaaaton on record, hitherto attributed U) the bursting through 
of the protecting lauds. It was believed timt this \-iew was confirmed by 
that remarkable case the formation nf the Zuyder Zee, originally a fm-tlle 
land of nearly two millions of acrt-a, although a marsh resting on i>eal 
bogs. The Auth'-r cuiisidenHi that the destniution of the isthmus between 
Htevereu and Me<lcmblik w.-kt thi- effect, ami not the cause, of that great 
eruption, and that the district was destroyed by the pressure and trnjptiun 
of water from l>elow, consequent on the suddeu and great elevation of the 
water in the North Sea; and instances were adduced showing a coui- 
mnnioation between the wplhi of that district and the North Sea. Other 
local peculiarities ' ' d nut; and the Island of Anmim was stated 

to have risen t\^ -nv the time of the earliest recorded flood. 

Similar oc9ourren>.v , ... . u.»..u phico in other countries, but there were no 
positive traces of such upheaving on other part* of the west coast, or on 
the islands. Heligoland had lost seven parishes in less than two hundred 
yean. 

Although in many places the sea had washed away the shores and clifb, 
yet this was comparatively of limited extent, aud a greater area of inarsli 
land hud heen re^itored sinoc the embuikments were made; the iimer 

marshes being al""! ' — •''' ' > r, while the forelands continuiUly 

increased. Tie L >f the country to the westward, 

and deep fiords oii L- Duchies were then noticed, as 

well as the formation of the Apgar Channel, which occurrwl during tlie 
greatest stonn flood on record, that of 1825. This storm flood aros« 
from the south-west, and some curious phenomena were observed dorvn^ 
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it* «Hmtlnt«*np», tbe water riMi!i;» in «n extraonliiury height nnd with 

iirji.lir t.iii''l''v. while it ffll' I'v. The author coiwicK'red ihiit 

■ ■- ' :w "thfo, ' VI.- arisen hinijily fruin the effV?t'le 

ill the Noi-tli ■'■■■•. I 111 he attributed theru to volcnnic 

.1' iMittom <>i the s>-!i: alhiilm'^ to the phcQomc-iia obscrv- 

; ' -trthi|iiiik(MiiJii'.liuiil ui l!^tl. In further coiTwlMinititin 

•V '. 1 N::irltc(l that t'roiii tin* twelfth t" the riineteeuth century two 

.: Ik •! uiil fifty-two earthiiu:ikc;B hiul occunvd in tbe Sc&o'liiiaviaii 

J ViiiiifiiilB auil Iceliuiil; the iiioMrim'ntii in the foruier lieing u«ii»Uy froui 

S \V. t<> N'.E,, or aJmost invuiLihly the direction in which tlie most 

>liM:iRtroH9 Bt«riii fliMMis offoi'teil tbe Danish cooHts. It had been stated by 

Mr. MrtDel thut diirititf the ifn-at eHithijUiike at Linlxiu the »ea wa* much 

riL-^itiitnl alcuiij the Coasts of H''llaii<l Aiid Frie«laDd, iknd vesaels were 

I'll eaoh other ; Hhuck« of earthquakoa luid treiublin^« beillj,' 

d |<I;u.'e» ill lloUtein, the witter in the welU rising «<> hi^h am 

I i Lo inuudate the hind in some places, while the River Eider wsut 

■ ■ nlarly apitiited. The efTeet of the«e stomu upon the ii«hindA. njid 

Hi iiv.t.cti.n affVirded l>y the 'dunes' were then ciniun;nte<l on. TIix 

iliKniij.L-itr.oHv' "f the dunes l>etWoen the Island of Amruni und tiie 

i;;.!. Tst. .It wa-i iittributt'il to the washing »way of the liukd ou the eastern 

' .vhil.' at the same time it wiw iK.inte<l out that, ai (larticuhu- plACe« 

■■■■" ' rli" ^'iiiiiiv dunes were levfUed by oeciieion&l flotjdg, they wen; 

aiiu'ijliwiy pntductive of ^rasHe*, h rental of il'.i per aere hitving lieen 

re«Jiscd, and under certain conJititins giiod crop* of gmln hail oIki been 

obuined. 

The constructinn of the dykes wa« then devoribed in detail ; hiatorio»l 
i--.-Mr<!« l)eing j^ven of the earliest foniii!, iucluillti^ the 'luiUiKii,* rcin- 
1 ii' of large troctn of L-uid, which were «h»wn to Ijc of great aiitii|Uitv. 
J' » L-> considered that the pre-<crvation of the hftllii^ aad of tile udAnds 
WW) of vital importance to the whole of the nutruhe*, the full force of tbe 
n:» being broken on them before re4vchjn{{ the mAin land. It wiut uotieed 
M a curious fact, that while the forelandii were funning rupidl3', the 
hftlU(j« were oh rapidly decreiuiin^ ; atid that, c<uifiei)ueatly, the l»i-netii'ia.l 
influence they exereisod would prolmbiy ceiv)e with time. Thf" Inland of 
IVUworm w»B specially iri*t.aiiCfd, iwt |^i<w«8et«tiui; a va«t influence on the 
iiiaiiilcnaoce of the niamh <lMtriet; »lthou',d» owing lo it* istnhited and 
p(|>(iwd situatiiin, the jx-oulirvr nature of the *oi), and the gnfiual depres- 
nioB of the land, it Wi« tuintewhnt ipiestioitAble if tlie strong and perfect 
<tone dykes, or indeed any other work8, except the iucloKure uf the inter- 
vening space between tin? niaui land, would absolutely free the iiiUud 
1 ' r. The dykeo were ela^sified an Hummur dykes, itiaide, and 

•a dyke». The fornii-r were the uuiat ancient, having l>een 
1 ... ... . ...i l>y tite eurly nettlerR <iu the 'wurftha' as a protection against 

ocoMion&L tenjpcMtx. l>i!tjitli< of the voriouit fimu of dykes were then 
given. Genemlly, in Sle-ivig. a ftlo|)e of 3 t<i J waa used on the seaward 
,i*ifie to a height of 10 to 12 feet abiive the ordiniu-y level of the water. 
Ilir^rn wa* tb»n a iv»^ or bench of 10, 12, or 15 to 1, according to cir- 
!i being entirely dependent on the {K>!dtion, the 
its height alxjve tlie oniinary florxl level, and iUi 

I -f--..i II- ■■'.■■ . ;i<:tion of the w»ve« and wind. The varifttionit in 

the rise of tbe water on different parta of the coaflt had n eouaiderable 
influence on the height of tite dyke« : and it waa shuwu that a high level 
of the crown was not alwaya desirable, the liank* on the Inland of Petl- 
wonu l«-ing invtaiiccd aa illuatrationg. The application of the curved 
•tone facing for defrinjing the dykes appeared only l^o he justified under 
|)ovuliar circiuuj'tjijic !«, and by the wjuit iif <itrAW and the scarcity of 
laljoiir in tbe time «f dr.uger: as it wan thought to prevent the natural 
riainv of the ground, .m-l to cause a de.pr>*s)'in at the fi-ot of the facing, 
Nartdes being very e.\j>onsive. The luaUrials fi>r aiul the imxle of forma- 
tion of the dykes', 'and the various phtUM of protection adopted, were 
then treate<l of. AUivf the ordinary fliKni level, gni«8 plots, covere«l or 
nncovtrcd tt'ith straw nuktting, were dhown to lie of ntueh iuiportanee; 
whil<" in evjHised pla«x-«. where every ordinary tide ffaehed the dvkea, the 

' " '■\i'n.! Bonietluies covert<l with litrau matting ktitciiod down in a 

Mlier, fj|- Ihty were pitcheii with utone, or protected with titaciiie 
' ' >sjrk«. Tlle^e and other nielLi«Js luwl all lieen ailopted with 

unifunn :idvanlngv under the cireuniiitaQcc* in wliieh they had lx;en 
empUiyeil, |tarticulnrly that of protecting the i<lo|>eK with twi*ted straw- 
bands. It was 6tat<.'d that there wa« no fi.ature in connection with the 
dykra of greater !ni]Miitauce thart the prrijeeting works or groynes, and 
diagrams wen- exhiliilei) illiistrativo of the extent to whit'h they were 
now being enrrii-il out, nome lieing constnicimi of gn^at l'"ngth, nearly 
■HOOt) feel, with the obji-ct of connecting one of the snxill islands with the 
main land. NitnirnniKexauifiles were given of thcii' advaiilage in ek|>o8e<l 
localities, an at iVhIerikiilen. in Hobtein. where tliere wai a depth of 
water of from 'JO Uj lOd feet. The author tliought the tikilful manner in 
whiiih the Hvki! IiiBprciorw, b<ith in Klesvig ami in Uohttein, had over- 
•1 them to the liighest coaiiueudalion. Ho 
i.ioiuvry meanis adopted in liuic of danger, 
J -.! ....41 regulating the dyke hind.t, t'-- ■■ '■ '■•truits 

•I til ited to the maintenance of the dyl. ^'u'to 

the I' ' ;rid, its wxponire to danger, and th v:due 

•if the •«ii 

In conchiiiiori llie author reviewad the g«n«nil ftdvantagea of these 
««irk» in KngUnd, Holland, and Denmark, and tlie reiulta which hud 



been accomplished, as well aa thoae which still remained to be achievvfl^ 

He eonsidured the true test of suocesafol ei. ' enterprise to liM 

nut i^o much the (lerfuction of the ^gantic " : had lieeii nuM.^ 

up «^ ■■■■•' n'* of skill, but rather the benditr luvj ' — 

wotv 'V tliiii standard it was contended that ii' 

iug I' of more pamniomit intiiortance than r' i 

the ^' ' I " 1- 'ikserved tiutt tlie country, wliich wa« origujjdiy a track^ 
less ».< 'i.'.^ coiuiinted of some of the richest land in Euroiie, funiisii 
iug, togrthur with the kingdom of Denmark, corn to England to aM-] 
extent only surpaswe*! by two other great states of the world, besides^ 
nuxub.irs of cattle, sheep, and horses. Theae re«ult* were then Oomp 
with wliat hod l>e<'n accivuipliahed in the Linoolnihire Fena and 
Uolhuid, and it wiia n^niarked that the three niarah countries w«r 
capable of atTonting a larger supply of grain than was now hnportttd frvn 
Atoerica. Ru&sia, and Prussia combined. Indeed, iude|iendently of othe 
great inclosure works, it was estimated that the annual revenue of thr 
countries wn.>< at least eight million;* sterhng, a sum e<juivalent to inor 
than the net ivLs^iigor reeoiptb of all the railways in the United Kingdos 
There were still upward* of CUO.UOO acres of land in England and it 
worth from f'jn to f'ii' jn-r aijre, which uiicht yet be reclaimed, and 
similar districts in otlier countries w«re addeil to this calculation th 
magnitude of the results could scarcely l>e overrated. It was reuturkaldi 
that, notwithstandin;:; the many ailvantages attending reclamation work 
which could now he elTccted at a less expenditure than funoeriy by th 
jud'f ; ; '■ :ition of «team power, such enterpri*** were still i 
wit) ind <iistnii^t, although tliey attortfed the m«an> of tt 

a<iuu<!.. .^ust profitable application of capital. 




The second paper nail was "On Beelaimmy Land from Stat 
Eftuarif*." By J.iME« UldhaM, M. Inst. (.'.E. 

It was rcm.irk«l that, considering the character of the river Humber 
and its tril'Utaries, and the nature of the sod ami the i;eologIcal forma 
of tile district, it w.-i« not ><urj>ri>iing that the foreshores, except « he 
efficiently protected by artitioial works., shoulil lie e.isily waahed 
and the water become loaded with a vn«t mass of eartJiy matter,] 
again depuHited in le«a disturlied situations, In ailhtion to the 
deposits th;' surface of the low lands was frequently raised, and : 
available for cultivation by a system of 'war^iing,' the common | 
whiuli WOK described, such aa had boeu practised on the TrtHit, 
anri the Dun. 

The degradation of the land on the whole of the se.i conat of IIol 
ne«s from Bridlington t.o the Hpuru was then pointed out. It was f'lUiK 
by observations extending over a conaideruble period, that on 40 niilt 
coast the loss amounted on an average to 2^ yuda per amjuni ; Init * 
progreea was far from uniform, in some plaoes no change l^iiig percefH^ 
tible, and in others as much aa 1(1 or 15 yards disappearing in twelve 
luontlu*. As ix-nring on this hnuich of the subject, an extract was given 
from a paper which wa* read at the meeting of the British Associ.-vtioii in 
1J»53. "On the Character and M(^asu^emeut■ of Degradation of the Vork- 
shire Coast," by Dr. J. l\ liell. 

The phenomena of tidal dejKisits and accretions in the fonuation of 
new land having been explained, it was shown that the greater part of 
iSunk Island, and of the immediate locality, had auenmuI»te<J during the 
last seventy or eighty yearn. This island was situated at from 7 to 1 1 
miles from the Spurn, on the north bank of the ewtuary of tl.. ' ' 
having a line of coattt of about 6^ miles. It cont-Vined 7' 
inclose*! land under cultivation, the property of the frown : n- 
to it, and fnnning an addition t>> the mainland of Yorkshir 
about 300(1 acres of rich alluvial soiL The accretions in the H i 

on iSunk Island were found to rife until tbe flUiAue of the Inixi . , ..u- 

cident with the arerage level of all tidea. When thi^- point w-i- .< I. 

marine plants amieared; and aa soon as the surface of suit -^ 
tions waa covered with vegetable life they were considered sn 
embanked. V.-u^ous opinions were entertained as to the »o...,. ..i ,.,ri 
material forming these accretions. The author lielicved thitt it prvctedett 
from the Hea face of the coast of Holdemess, as it could only come in 
with the tide, and be deposited at the time of high water. In support flf 
this view a (jnotatiun was made fmm "The Geology of the Yorkshire 
Coast," by Profissor Phillips; and a pa{ier "On the Cbeuiieid Cetwtitn- 
tion of the HumWr Deposits," by Mr. J. D, SoUitt, Te.id before the 
British Association in 1?5D, was also referred to. 

In practiutd operations on the Hiuulier, en^ieavours were in llie Kent 
instance ma<ie to socutu a thoroughly uniform surface to tlic land '-<> b" 
inclosed. Thus, a year or two Ijefors enil>aiiking the ground was draimtt 
by 'gripping,' so as to let ofl the whole of the standing pools, and allow 
the depressions to silt up. The permanent drainage of the lanil was 
providetl for by a sluice, the size and the level of the cil) of which were 
determined by the rise ami fall of the tide, lUid by the exten" ' ) ; ' : . 
is.- drained. With re^^ord to the scM-tional rnrui and area ■ 
itself, where the outer face was exposed to a heavily rolling HL . ;.- 
shotdd be gradual • and if the soil to be uited in its connlrticiian wa« 
light, then tlie bank mu«t have a wide baae, and there shoiUd be a bti«l<li« 
wall in the oentre, to prevent leakage. If a alip took plAoe in a Udal em- 
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li, fMOtaes or figgota ihoold not be employed, u they were liaUe 
att eoDdoctoni for the water. 

Qloitnitian of theae remu-ks, the worki of the last embuiknient for 
ling 700 acres of now accretion mt Sunk Island were deaoribed. 
were oonunenced in April 1850, and were completed in the 
iber foQowing. the tide having been excluded by the first of July ; 
they were exeonted under the direction of the author m engineer, 
G. C. Panling being the contractor. The total length of embank- 
it wme 60(17 yards. That portion which had to encounter the storms 
Humber wm 3043 yards in length, ita greatest height being 8 feet 
inches, width at the base 61 feet, and at the top 4 feet. The outer face 
~ a slope of 5 to 1, and the inner of 1 ^ to 1. llie remaining portion of 
embankment wag 2124 yards in length, had an average height of 6 feet 
iches. ttniugh in one part it wu 7 feet -6 inches high, was 32 feet wide 
the base, and 3 feet at the top. The outer face hail a slope of 3 to 1, 
and the inner of 1 to 1. In making the embankments, the material 
Rounred in forming the draini round the inside of the inclosure was em- 
ployed ; whero this was not mihcient, the contractor was permitted to 
CXcavAte from the foreshore, provided the cutting did not exceed 4 feet 
inches in depth, and did not approach within 6 feet of the bottom of the 
oator slope. ChanneU were cut to allow the water which ocoumolated in 
these pits to mn off after every tide ; and within four years these {nts 
WWD dlted up by tidal deposit alone. The banks were raised at once to 
ths height of ordinary spring tides, the natural creeks being left open. 
ThMB were then filled up aiinultAneuuHlr, und the whole of the bainks 
famuffht to a uniform level to the fnll beight required. The fint bank cost 
tn miUhig* and sixpence, and the second four shillings and sixpenoe per 
fineal yard ; or at the rate of fivepenoe farthing and fourpenoe farthmg 
per cuWc yard on tl)e average respectively. The banks were perfectly 
watertight from the first, and the greatest settlement in any part was not 
sum than 15 inches. 

Details were then given of the self-acting draining sluice, or dough, 
-whieh was provided with tidal door^ and had been erected at a cost of 
.dCS80. It appeared that the foundation consisted of timber piles, and 
-diat the rapentructnro was composed of brickwork with stone oopings. 
^Hw hollow quoins, the framing of the gates, and the top cilli were of 
^Mnglish oak ; the bottom cills being of elm timber. A door, capable of 
'ttaeing raised or lowered by machinery, was provided to admit of the out- 
fidl, which was liable to be silted up in diy aeaaons, being occasionally 
^xwiiiiid ; and thi« door could Vie iiJied, in very dry leaaons, for admittiag 
«a quantity of tidal water to fill the fence ditches. 

boon after the exclusion of the tidal water the marine grasses dMayed, 
aoBd iraoh water graues gradually i^jpeared. In about three yean a 
%aiaiabty good lurfaoe of pasture was naturally formed, and on Sunk 
latand there arose a spontaneous growth of white clover. Brime remarks 
^ere then made on the value of this Und for tillage, and it was stated 
tliat the tenants on Sunk Island admitted that they frequently obtained 
**x imperial quarters of grain per acre. Flax wiia also pn>duced in large 
<iuabtities and of fine quality ; and root crops, as potatoes, tumipe, 
"w ngotd wurtzel, kc. 

The third pai>er read was "On Redaimimg Land fntm Stat and 
^tttuna:' By J. H. Miller (of the Hague). 

The author stated, that lie understood works of this class to comprise 

*n area either of salt marsh, samphire ground, slake, mud, or sand, lying 

more or less above the level of low water, and being reclaimed from the 

**=a by niMiM of embankmenta, and drained by ni^ural means through 

WM tea banks. Reclaiming land was frequently looked upon as a bamdous 

yw i il a ti on, owing to the probable contingencies where water had to be 

««h with, and to the beneftts being generally prospective. It was often 

^OQacmned on account uf the state of the ground, which waa pronounced 

to be unsuitable for the pur]>oae. But the question should not be deter- 

luiwd in that way ; for the value of the ground before being rechumed 

^ no measure of the merit of the proposal, which could only be decided 

<^ Comparing the coet of the necessary works with the improved value 

uat woulil l)C gi ven to the lonii when that operation had been a€>com{dished. 

-After contending that the effisct of reclaiming or draining land was to 

'*nioTe the caose of malaria or ague, and not as hod been erroneously 

'■vtad to produce it, the author proceeded to point out, that in designing 

"l^vorks the object should be to inclose the largest area with the least 

'Bigth of bonk, and the smallest average croes section. These points 

*Be tKuLated by the direction of the sea bonlc, to which attention was 

^ iwed. It woa sometimes recoipinonded tliat the sea bank should be 

r** "••riy ae possible parallel with the current, and at on angle to the pre- 

^ua^' winds. But experience seemed to ahow that where creeks did not 

"(er a different system was preferable ; and that one side should be 

*%«ipQBed to the full force of the gales, and that the current should 

' *>lowed to act upon it almost at right angles, if at the same time that 

■^ He would sbdter or protect the two other sides. By this arrange- 

""^a tea extent of bank required supervision during g^es, and it also 

?*(&t«d advantages during construction. The line of the embankment 

•wjii, if practicable, cross creeks at right angles, and at the some level; 

*<l Aall Quea care must be taken to secure the bottoms of the creeks 1^ 

^nooi to prevent them from becoming deeper. 



The extent of land to be redointed at any one time was thco co&iidered, 
and it was argued that large areas were the least expensive in the end; 
for if a small area was selected at first, some portion of the original sea 
banks would be useless when an increase became deairtdile. If the banks 
could not be constructed entirely on the salt marsh, it was preferable to 
go to half-tide level. The difficulty in the construction did not increase 
with the size of the area reclaimed, but depended upon the openings left 
in the bonks. As instances, — in reclaiming a piece of land of 1000 acres 
by a bank three quarters of a mile in length, the seat of which was 6 feet 
below the level of high water, only one opening 7 chains in width was left. 
. In another case, iu reclaiming 1700 acres by a bank four miles in length, 
the seat of which was 8 ftiet t«low high water, three openingn of o, 7, and 
12 ch&ius in width were left: Lu neither cose was the speed of the out- 
going current materially increoMod duiing the progress of the works, nor 
indeed until the cross section of the opening was diminiahe<l. In com- 
pleting the latter work the aprons were raised 18 inches, or 2 feet at m 
time, by wood-work, stone, and clay. It was expected that the cuireat 
would increase in the third opening, when the two others were raised ; 
but this did not occur, iw the water withiu the inclosure did not reach so 
high a level ns that without; in fact it never attained to high-water 
marie. When the aprons wore above the level of the reclaimed land, tbs 
current on leaving became violent. This could not, however, be avoided 
in fiiuklly dosing a bank. 

Between the old sea- bank aad the edge of low-water, the soil might be 
diviiied into four dietinct cloases : — the salt marvh, of day, about the levd 
of summer spring tides; then samphire ground, slake or mud, or rich 
aUaviol matter, to half tide ; next, hard sea sand ; and lastly, near low- 
water mark, quicksand. Bonks entirely on the salt uiarah were the 
easiest and the strongest that could be made. Those on samphire groond 
and mud were the most difficult ; sli(M were of constant occuirence, the 
use of wag^gona and horses was imprMisible, and a large proportbn of the 
material was waahed away as it was deposited, before the bank was con- 
solidated and raised above high-water mark. In fact, for waste, settling, 
and contingencies, from 60 to 100 per cent, of the original quantity must 
bo calcnlated upon as necessary. If a storm arose during the progress of 
the works the slopes could not be protected ; and indeed a bank con- 
structed on such a bottom was always unsafe. When the line of the em- 
bankment waa laid at the half- tide level, or about the limit of vegetation, 
and on hard sand, it was possible to make the whole of the reolaimed 
land fit for cultivation, and this plan need not cost more, and was safer, 
than by adopting the higher but softer bottom. Banks on a lower level 
wer« not advisable. 

Having stated the conditions to be observed in the direction and situ- 
ation of the banks, the next question requiring attention was the cross 
section. TtuM naturally divided itself into two parts : — the main body to 
reaist the dead weight uf the water when at rest, and the mode of pro< 
tecting the slope to enable it to resist the action of the water when in 
motion. With regard to the first point, the best cross section was that 
where the centre of gravity came nearest to the bottom and to the toe of 
the bank. For tUs reaaon steep slopes, with a cess or bench about the 
levd of liigh-woter, were preferable to flat slopes without a cess or bench. 
Sand standing at its natural dope was suffident to redst still water. 

Breaches in boukK were attributable either to a small percolation of 
water underneath the seat, or to the defence or protection of the slope 
being insufficient. Frequently it was not possible to obtun clay in suffi- 
cient quantities to form a puddle wall in the centre of the l>ank ; and if 
the force of the wave was strong enough to break through stone oud 
wood, clay would not be able to resist it. Sometimes, at extraordinary 
high tides, a breach would occur above the cess, but this rardy happened, 
and the time during which danger could arise was so short, that tne evil 
might lie remedied before the next returning high tido. When the water 
rose above the top of the bank, the bock unprotected slope was liable tn 
be damaged, and thus to lead to a breach. This might be averted by 
driving stakes into tlie top of the bank, and placing planks, supported by 
day or other materials benind them. 

With respect to the protection of the slope, there waa a difficulty b 
asoertaining correctly the force of sea- water when violently agitated. 
Mr. Storm Buysing hod stated, in his work on hydraulic engineering, 
that the shook of the water and floating objects against slopes increased 
iu the same ratio as the sine of the angle formed by the dope with the 
horixon. De la Coudraye and fir^moutier contended, in their theory of 
the motion of waves, that the water only moved vertically up and down, 
without any horizontal displacement. It wa« well known that the sen 
hod the power to destroy banks and to disphvoe stones of considerable 
weight; and the engineer must be guided by experience in dealing with 
these matters rather than by speculative opinions. 

The materials employed K'T the defence of dopes were of three diflfereut 
kinds, day and grass flogs, wood and stone. When banks were constructed 
on salt marshes, the body consisted of day token from the adjoining 
excavattons In this case it was advisable, after trimming the slopes, to 
sow coarse and meadow grasi and clover seeds, and to protect the whole 
with a crommat. The crammat, which ooat threepence or fourpenoe per 
square yard, was con^posed of a layer of dean barley straw about two inoncs 
Uiiok, evenly laid, end fastened to the day by straw bonds or stmiMls, 
sixt}- to ninety stitch is being made per superficial yard. In two or three 
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Team the bank -mm so eonsolicUted that tbe mat did not require renewoL 
When these I>ank8 were on a Inwpr level thiin the salt nuinh, a proteotina 
of clay And gram was insufficient, In such cases a \a,yw of clay, pro- 
tected by stone at a slope nf 4 or 6 to 1, was employed in Engliiml, but 
without a oeae or bench. This afforded the requisite strength, but it was 
expensive, and ns uguallj constructed it needed much repair. The author 
thought that, when the bank was constructed on samphire ground (as 
"within a comparativelj short period a new salt marsh or foreshore would 
be formtid) it would be sufficient tn protect the slope of the bank with 
wood, and that the slopes above the cess need not be protected, n<jr be 
flatter than 3 to I. 

A description was then given of the protection by fsacine work. This 
oonsisteil of layers of fafqgots 5 or 6 inchw in thickness, placed iu a direc- 
tion up and down the slope of the bank, the thick ends overlapping the 
thin emds of the lower rows. These were fastened down by stakes, which 
ware left 8 inches above the faggots, and were connected together by 
ntBons of willow binders, or 'wattles,' something like hurdle work. When 
♦he proper sort of wood was obtain«l. this protection would endure from 
five to seven yeare, and was quite able to resist the action of the tide. 
The strength of this kind of protection might be increaned by incroaaing 
the number of the stakes ana binders, or by filling in wiUi stone, firmly 
wedged between the rows of stakes. The stone defence, as oommonfy 
oonatracted by the Dutch on iftlanda exposed to the ocean, wm formed 
thna : when the slope was trimmed, a layer of clay 12 inches to 18 inches 
in thiukuesB was spread over it, covered sometimes with a crammat. Over 
this, bricks in one or two courses were laid, and then from 6 inches to 
12 inches of brickbats, on which stone* from 12 inches to 18 inches in 
depth were set. This work, though very durable, was costly, and hence 
■hoald only be adopted where security rendertsd it necessary ; as, for 
instance, for bonks near to loW'Water mark. Details were then given of 
four different cross sections, and it was observed that, with a stone 
defence, the slopes were recommended to be flatter and Uve banks to be 
higher than where wood protection was employed; for it was expected 
that the former would be built in more exposed situations. In some 
eases it had been found advantageous to introduce rows of oak stakes at 
intervals above the surface of the stone, to break the force of the waves. 
In the construction of sea walla or bonks, the most difficult operation 
was that connected with the crossing of creeks before alluded to, especially 
when the bottom was 10 feet, 20 feet, or mors under low-*ater mark. In 
England the usual plan was to fill in large quantities of nAaterial from the 
sides; but this was a costly method. Id Holland, on the contrary, the 
custom was to raise the bottom unifonoly to the level of low-water by 
means of cradles, lite cradle wa/( formed of brushwood, bound together 
by ropes and osiers, and was usually from 2 feet to 3 feet thick. It should 
be made on a flat sand, or silty ground, about 3 feet below h^fh-water, of 
the full length of the opening, ond of proportionate width ; being per- 
fectly flexible, it adapte<l itnelf to the inequalities of the ground. It was 
stated that particular attention most be paid to the stakes or fasteninm 
by which it was held down, &a the safety of the cradle depended entirely 
upon them. After being ao seourad it was Weighted with clay, briok- 
bofis, and stones. The mode of constructing a cradle, of floating it to its 
place, and of sinking it in the centre line of the intended embankment, 
were then minutely described. The sides of the opening were nejtt pro- 
tected with similar cradles, the lower end of each restmg on that first 
hud. Subsequently other cradles were sunk over these, until the work 
rrochefl low-water mark, when the vridth of the embankment was gradu- 
ally incroosed by throwing in nods on the flood side, protected by fascine 
work weighted with stone. The some procens was then pursued on the 
ebb side. When the surface of the creek was level with, or above low- 
water, cradles were not required. In such cases the ground was covered 
with a thin layer of clay, protected by an apron of fosoise work. 

Tn concluBion, the mode of constructing the banks themaelves, by side 
oottings at least 20 feet from the foot of the slopes, was described ; and 
it was urged that each part undertaken should be raised to its full height 
in one tide, the exposed side being co ;^ered with a thin layer of clay. In 
the next tide this should be provisionaDy protected by a crammat, and 
before the ensuing spring Ude the work should be finjJly protected with 
stone or wood. 



Map 18 and 20.— The first paper read was " Tke Malta ami AltMin- 
itna Subftnarine TtUgraph Cable." By H. C. Fordb, M. Inst, C.E. 

It appeared that in May 1,S59, Her Majesty's Government determined 
that a telegraph cable should be laid between Falmouth and Gibraltar, 
and the late Mr. Lionel Gisbome and the author were appointed joint 
en|{ineers. Subsequently, and after some pri>gres8 had been made with 
the construction of the core and the outer covering, it was proposed to 
ose the coble to join Rangoon and Singapore. This idea was however 
abandoned, and iu January 1861 it was decided that it should be laid 
be ween Malta and Alexandria, on operation which waa carried out in 
the sumjner of that year, the communication having been suooessfuUy 
completed on the 28th October 1861. 

Inua recommendatioUB of the late Mr. R. Stephen ion and i&r Charles 
Bra^t, OS to the form and size of the cable to be use' 1 between Falmouth 
and Gibraltar, were then referred to; and it was staled that iron oovend 



cables, of tfares aiaH, were deeigoed for the vaiymg depttw op to 800 
fathoms, and for the greater depths across the Bay of Biscay, a coble 
covered with twelve steel wirasi, eooh enveloped in o nsmpen atnad, kid 
in a spiral form. The latter was obondoned when the dsstinatian (rf the 
cable was changed; hut the other forms of outer oovezing were mtoinfid. 
as oonsiderable progress had been made with their manufactui?. If it 
hod been known at first that the cable would lx< laid in comparatively 
shallow water, a difl^'etent design wouM have been adopted. The outer 
wires were much larger than those of the Atlantic, the Red Sea, and the 
other Mediterranean cables oontaaning a single conductor; and the ecnt- 
dnotor was nearly four times the oiae of the Atlantic caUe, and twice 
that of the Red Sea coble. 

The contract for the manufacttire of the core was intrusted to the 
Gutta Percha Company; the contracts for the outer covering, ond for 
loying ond maintaining the cable for thirty days after completion, were 
let to Messrs. Gloss, Eliiott and Ck>. The conditions of the contracta 
were then given in detail, the main features being that the core and the 
cable were to be kept continually under water during the nianofaeture 
ond the loying, ond that the electiiool tests were to extend from the 
oommenoement of the mouufocture until thirty days ofter submersion of 
the whole line, llie different processes involved were next described, 
ond it was stated, that under a pressure of from 600 lbs. to 800 Ibe., the 
electrical conditiou of the core improved about 10 per cent. The relo- 
tive reeistoiM^ per knot, both as to conduction and insulation, of the 
AtLuitic, the' Bed Sea, and the Molto-Alexandrio ooUes, was repre- 
sented by the numbers 1, 4 and S7, It wss requisite that great con 
should be observed in making the joints of the core, (A which there wen 
four thousand two hundred tn the Malta- Alexandria line, as the aligfatet* 
imperfection in any one would be attended with danger. 

A difficulty having arisen iu keeping the cable pemianently under 
water, one portion became exposed to the air, and was allowed to dry. 
When tested, a loss of insulation with increased reotstonce in the con- 
ductor was observed. An investigation by Dr. W. A. Miller. F.R^S., 
showed that this deterioration was due to heating, from the effects of 
oxidation. It was consequently resolved, that the original idea of fitting 
the two ships with water-tight tanks should be carried out. The way in 
which this was accomplished, and the manner of coiling the cable on 
board, were then allad^ to. The eye of esch coil was fitted with on 
open framework of timber, by which arrangement o foult was cut out of 
the centre of o large coil, without its being neoessocy to uncoil the whole 
ceble, OS would hove been the cose with a solid eye. 

Previous to coromeocing the operation of laying, the route wos most 
osivfnlly lurveyed by ships of the Royal Navy, when it was ascertained 
thot the Admiralty charts were in porto incorrect in latitude, and were 
deceptive as to the soundings, the general depth and the oonformotiao of 
the sea bottom being veiy dufferent to what they wei« repreeeated to be 
on the offidol charts. 

Eloch ship was fitted in the foUowiuK manner: A lorge T sfaeove, 
furnished with o small friction band, was suspended above the omtre of 
the hold, and over this the cable was led. The poying-oot opporotna, 
plooed on one side of the stern, consisted of tlmw V sheaves in one 
verticul plane, and parallel to the ceutre line of the vessel, e*ch sheave 
being provided with o friction-strap. The caUe was passed over these 
sheaves under three weighted jockey puUies to the broke dmm, rotoid 
which it took three or four turns; then over o fixed sheave, and under 
a movable weighted pulley into the sea over a fixed stem-wheel ot the 
level of the last sheave. The dynamometer employed was simibkr to 
thot used on the occasion of the sucoessful haying of the Adontic cable. 
The first portion of this line was lud between Malta and Tripoli, the 
greatest depth being 420 fathoms. The cable was paid out ot on avcr> 
age rale of 4'94 knots per hour. The moximum strain to which the 
heavy shore-end was subjected was 20 cwt., bnt vrith the main coble 
this did not exceed 12 cwt. The e8timAt4>d »lack paid out in the deep 
water wse not quite 5 per cent. No difficulties of any kind oocurted 
untU attempts were made to splice the nuiin coble to the Tripoli shonre- 
end, which had beeit laid by another ship. Nine unxucoossful attempts 
were mode, owing to bubbles foriaing under the fresh gutta- percho, nut 
by cutting off n length of 25 fathoms of the shore-cud a perfect junction 
was effected. The remaining cable on board this nhip was laid in the 
direction of Benghoxi, the maximum depth attained being l.'iO fathftms. 
the average speed of paying out 5'3 knots pi^r hour, nnd the grt-atest 
strain 9 cwt. The cable next laid wiis part of the third section, com- 
mencing at Alexandria, and extending nearly 300 miles tn the westward, 
towards Benghazi, llie rooghness and irregularity of the bottom ren- 
dered this operation very critical; but by cwefoUy wlecting and laying 
out the route to be ptir«ued, after accurate soundings hod been made, 
and by only paying oat in daylight, it was successfully completed. Six 
days wore occupied in laying 128'8 knots of heavy coble Mid 153*32 
knots of main cable, or a total length of 2>*212 knots. TTiir^-two 
buoys were laid down to mark the route, and upwards of sixty (fifBacBt 
courses were run. Tbo maximum depth of water was 102 fothoDis, the 
mimimum, for a short length, was 13 fathoms, and the averoge S$ 
fathoms. Bubsequeatly, the spoond part nf the third section between' 
Alexandria aud Benghazi, and the second port of the second sectiutu 
between Bcnghoa, and Tripoli were laid, and the communication w~is 
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iiahed. No kocumte etttinute could be made of the mataMi aUck 
out, but 0* ft genenl rule iu deptbii under 100 fatbonu, from 12 to 
|i4 P^r oeaL wm the utimmt thai cuiAd be got out of the ahip when the 
|c*Ub wa* ninning quite free. The Kngle At which the cable was paid 
•at ranged from 40 to 45°. The maximum speed was 7'15 knou, the 
' atininium 4*5 knots, and the mean 5 '25 knots per hour. 

Bw e p u ctin g the testa durinfj and after the laying, it was observed that 
I a* tb* cable was paid nut, its electrical condition invariably improved; 
I tbs higbeat resistanoe being found in the deepest and coldest water, and 
thaknrast in the shalloweat and warmest water. Experiments as to the 
nte of woridng showed, that the speed attained agnred very nearly 
■with that which had been anticipated, namely, live words per minute 
through a length of 1100 knots, except through the short sections, where 
tbe limit of the speed depended simply upon the skill of the clerk. 

The cKimmonication wsa accompanied by a map, showing the general 
ooozw of the cable, by a longitudinal seotioa of the sea bottom, and by 
diagrams of the electrical tests. Specimens of different cables wer« also 
exhibited. 



TIm Hoond paper read was " On the FUetrical Tali employed during 
tie tonttntetion of the Malln and Altxandria TeUgrnph, and oa 
ImHlatimg and Protecting Submarine CabUa." By C. W. Siicukkb, 
M. Inst. C.E. 

Having been emploj^ by Her Majeetv's Government as the Elec- 
trician to superintend the manufacture an^ shipment of the Malta and 
Alexandria Telegraph Cable, the author was in a poiiition to speak as to 
its actual state of insulation, at different stages of its progress, and as 
to its general superiority compared with former lines. The metho<U of 
testing differed essentially from thooa previously resorted to. This was 
the first Hne that had been tested systematically throughout; and the 
faaportanoe of a uniform and well-devised system of electrical testa Ijeing 
eanied on during the manufacture, shipment, laying, and subsequent 
working of submarine cables, bod bnen fully proved. 

The covered strand of conduuting wire, iu lengths of one nautical 
mOe, was placed for twenty-four hours in tanks filled with water main- 
tained at 75"^ Fahrenheit. It was afterwards removed into a pressure 
taok, containing water at the same temperature, and when uniformly 
haated, it was tested for oanducti\'ity and insulation, and the result, 
expressed in units uf resistance, noted. A pressure of 600 lb. per square 
Bkch wa« then applied, and the electrical tests weie repeated. Before 
any coil was approved, it was required that the copper reastance should 
not exceed 3*5 (Siemens) units, or possess 80 per cent, of the conductivity 
<f ohemically pure copper; that the gutta-percha r^lRtanoe per knot at 
7f°sbottid amount, at least, to 90 million uutte, corrt«p<inding to aliout 
M per oent. of the highest insulation that oould be obtained with the 
bast gntta-percha of commerce; and further, that the insulation should 
iaprave when the preaauie was applied, which was invariably the case 
VMa tbeoovering was sound. The >x>ilR were then transferred to Mesan. 
GlodS, Eliiut, and Co.'s works at Greenwich, where they were submerged 
in tanks until requiivd for the sheathing; machine. The sheathed cable 
was coiled into large tanlm, and was always intended t^) be covuml with 
water, but owing to a defect in the conBtructiun of the tanks, this 
regulation could only bo partially carried into effect. It was also 
ft^ignded, in the first instance, that the ships should be provided with 
mter-tight tanks to receive the cable during the outwonl voyage; but 
, <nrtng to the paasive resistance with which every deviation from previous 
) moliae waa osually met, this plan was not carried out, until the heating 
ti the cabid on board the B. S. Queen Victoria hod proved, at great 
that tanks were essentially nectw»ary. There were other iro- 
iwitant adrantages obtained through the adoption of the water tank« by 
vhich the causes of failure in paying out were avoided, and the opera- 
tien was rendered comparatively safe and ea^'. 

In conducting th« electrical tests of the Malta and Alexandria cable 
in the course of its monufibcture, the chief object was to obtain throughout 
Blcictly comparative results. For this purp<is« it was necessary to adopt 
a stsindard measure of resistance, by wHch to exprees both the con- 
ductivity of the copper conductor and of the insulating covering. This 
ftandard measure had been «upiilicii liy I>r. Werner Siemens. The unit 
uf resistance was that of a column of pure mercury, cont.'uiied in a gloss 
i inbe, one metre in length b(>twecn the contact cups, and of one square 
' mini metre sectional area, token at t)iu temperature of melting ice. As 
tile testing apparatus hud been already described in the blue book ' On 
the Construction of Submarine Cables," it was not necessary to repeat it. 
In the Appendix to this paper, tables were given of the results of 

-•- ations on two sections of the cable, at various stages of their 

,. •• between Malta and Tripoli, and between Tripoli and Benghazi; 
[ mgrams were exhibited reprosentutg graphicallv tbeae revults. On 
I «)ri<li paring the insulation of the cables after being Laid down, with the 
insulation ubtMrred shortly before on board, there was a deddud improve- 
Bient after subm/erHion. Tliis was partly due to the pressure upon the 
cahlei, the in«ulation improving 2 per cent on an average for every 
100 lb. of pressure upon Uie square inch, and portly to the I6wer tem- 
, pentture at the bf>ttom of the sea. 

For wuHcing the line, Mesars. SieiDens, Halske and Co. bad supplied 



ink-recording instruments, fitted with peculiar arnDgeinants for dis- 
charging the residuary charge uf the cable, and capable of being wurkt<l by,, 
exceedingly feeble battery power. Although U>e line was divided it 
three electrical circuits!, maass^ies were tranaznitted mechanically ; 
instantaneously, at the intermediate station, by a system of double re 
or translation. By this plan messages could be sent instantaneously^ 
from London to Omsk, in Siberia, and there would be no electrical diffi-. 
ctdty in establishing the same direct intercommunicatian between Load 
and Calcutta. 

RcsptKitLug the conitmction of a cable of a more permanent < 
than any liitherto nuuie, to which the author had given much c 
tion for many yeat«, it wsa observed that vrith re^rd to the insulatin 
covering, nature seemed to have provided only two suitable sut 
india-rubber and gutta-gercho, oombining permanent pliability at 
ordinary temperatures with high iiuiulating prfjperty. India-rubber hadl 
a higher insulating power, n lower specific induction, and was capable (dl 
resisting higher temperatures than gutta-percha; but the latter coul* 
be put upon the wire in a plastic state l>y a dye process, and gav 
greater security against faults than the lapped india-rubber coverio) 
It was also less liable to receive accidental injuries, to become sticky < 
semifluid when exposed to the atmosphere, and resisted the action of ^ 
more perfectly. 

The absorption of water by gutta-percha, india-rubber, and compounds 
of india-rubber, such as vtilcanised india-rubber, Wray's mixture, and i 
oon^ioand with mica, under various pressures and temperatures, and I 
wrater containing different degrees of salt in solution, bad boeu fv 
investigated. These experiments served to show that an increase 
pressure up to 5i) lb. per square inch did not increase the rate of absoi, . 
tion, which was found to be more rapid from pure water tluui from sea 
water, and from sea water than from brine. Raw on unvuloanis^d 
india-rubber absorbed watto* in greater quantities than the other materials; 
wliile, next to gutta-percha, vulcanised india-rubber showe<i, both 
fresh and salt water, the greatest inticnHibility to absorption. 

Tlie results of experiments on the iueuloting and inductive capaotis 
of wires coated with india-rubber in conkbination with guttu-percha^ 
compared with those of spteoial gutta-percha and pure india-rubber at 
different temperatures, were then given. Tlie lengths experimented upon 
varied from 600 to 2500 yards. The specific resistance of special gutta- 
percha deoreaaed from 911 at 60° Fahrenheit to 1-50 at 80° Fahrenheit, 
or to about one-sixth of its original value; while the combination 
india-rubber and gutta-percha luid, umkr the same drcumstances, ud 
gone down to about oiie-thini of its insulation at 50° Fahrenheit, 
inductive capacity of the combined india-rubber and gutta-percha 
and of pure india-rubber covered wire, was 07 to 1. Notwit 
the comparatively high insulating property of india-mbbor, its low in- 
ductive capacity, and its power to resist heat, its gradual dissolution in 
sea water was a circnmstanoc which alone rendered it inadmissable for 
submarine wires, unions it wa.s st^urely inclosed in another waterproof 
medium, and gutta-percba appeared in every respect well suited for sucb 
outer covering. It was desirable that the india-rubber should be brougfakj 
upon the wire without the application of heat, or solvents, both of wluch 
often entailed a gradual decomposition of that material, particularly 
when exp<jtMxl to atmospheric influence in contact with copper. Dr. W. JL. 
MUler hod stated, that the Htjuefaction was the result of a process of 
oxidation, from which it might be inferred that the e^ct could not take 
place where oxygen was excluded. It, moreover, was important to pro- 
duce a perfectly cylindrical covering, and taking advantage of a 
peculiar property of india-rubber cohering pe>rfcctly where two fresh oot 
surfaoes were brought together under considerable pressure, the auV 
had constructed a covering machine which fulfilled the several [ 
Such c<jmbiued India ru biter and gutta-percha covered wires hod been I 
undervariouii circumstances, exposed to the atmosphere, to water, or \ 
moisture of Uie gRiund, for nearly two years without betraying any H 
of gratlual deterioration of the india-rubber, or the ^pearanoe of fan 
A circumstance greatly in favour of the bi^Mvered wire, was that the'] 
guttapercha shrank upon the india-rubber covered wire, and when any] 
mechanical injury to the covering occurred, the yielding india-rubber 1 
forced into the gap, by the eUstic pressure exercised by the gutta-|: 
and prevented the appearaoce of a fault. 

The outer covering of cables, as hitherto constructed, was certainly-^ 
the least perfect part. An iron sheathing was very necessary to proteose] 
the insulated oore in shallow waters, but for cables in mcne than 30 or 40 j 
fathoms of water, the iron sheothiog was aa element rather of weaknessi^ 
than of strength. It rendered the cable ponderoBS, its shipment ex-, 
pensive, the paying out risky, and repairs impossible, owing to the diflS* 
oulty of raising a heavy cable from a great depth under any circum- 
stances, and the absolute imfx^sibility of doing so after corroeion of tbs 
iron wire hod mode 8<:>me progress. 

When the Falmouth and Gibraltar cable was first contemplated, i 
author, in conjunction with Mr. Forde, proposed to cover each iron « 
with gutta-percha, with a view to prevent oxidation; but the system wasJ 
not acted upon, except by way of experiment Mere protection of the 
wire was however not sufficient, in the author's opinion. It was capable 
of mathematical demonstration, that in paying out a wire-sheathed cabls 
with a ooQsidcrable atrain upon ihe breakw^el, it would untwist white 



180 



THE OrVlL ENGINEER AND ABCHITECTS JOURNAL 



C3aMl,tM 



in gUBpension in tlie water, tn a coiuiderable extent, CAUiing etougstion 

of the oijre to the aiiiouut of, «Ay one per wiit., or even mure. On reach- 

iug the bottom, the struin »o<l consequent twi»i would be releaatsd. 

Copper wire cnuld not be elong-ated laore than 2 per cent, without 

iieMiimg m penojuient set; and it wa« also a we)l a«certAined fivct, that 

when tel»?gTaph core hod been stretched at any time beyond the limits of 

eJjwticity of the copper, the latter being henceforth too long for tlie more 

ieoovering, wouU tend to atname a serpentine form, and to punh ita 

flnMgh the insulating material by dow degrees, particularly in 

~ sre short bends or kinks occurred. 

BiMed upon these views the author designed a sheathing of the foUnw- 

ibg description : — The insulated conductor, or core, was paosed in the 

aheathix^ works through a series of three maohines in cloae auooeasion. 

In pMsing through the hollow spindle of the first machine, a cluae spiral 

covering: of hemp, previously saturated in Stockholm tar, was applied in 

wi4uh a way, that oach string was and remained under a pven «train. The 

second machine was in similar constraction to the hrst, but supplied a 

second covering of hemp wound in the opposite fJinjction to the Brut. 

Th«» rope thus formed psMed next throuj,'h a stationary clip, with longi- 

I tudinal grooves to prevent it fmm turning round in the operation imme» 

I diately following, which conftiit^ in tlie applicatiiin, under the influence 

rof great preasare, of from three to six strips of copper, or other metal 

'Which might best renst the action of aea water, lliese strips were 

lAoourately guided into the revolving covering tool, so as to overlap each 

ther equally for nearly half their breadth, the preasare applied being 

~5cient tu crush, or socket the one metal down where it was covered by 

the other, "niis cable had no tendency to untwist; ita extension with 

I JtaJf the breaking strain upon it did not exceed one-half per cent., and 

(bnng very strong, and of only double the weight of water, it would 

iipport alK>ut .S miles of its own wi-ight in Uie sea. 

Considering that good ship's sheathing lasted about 10 years when the 

lip WM at rest, and that the cable had two layers of metal, with 

kfcardened tar between, it appeare<l not unreasonable to suppose, that thiit 

Mheathing would last at the tranquil bottom of the ocean from 20 to 30 

} yttOB at least. Several short len^hs of this cable were now lieing tried 

nader vuiou£ circumstances, and the results so far were promising of 

upon a larger scale. 



After the meeting, Afr. F. C. Webb (Asaoc. Inst. C.E.) exphuued a 

dification of the onlinary sextant, by which larger angles could be 

leaaured than with the instruments now in use. Two sextants (by 

[Me«8rg. Fletcher, of Leadenhall -street) were exhibited, one on the 

I -oontmnn arrangement and the other on the modified principle. 

It was stated, that when the arm of the common s«xtant was at sero, 

the lines of incidence and of retlectiau of an object tteen in the horixon 

~tf{a« fbnoed a certain angle witli one another, lioth at tlie object and 

|Soriinn ehws; and that this angle, termed the constant angle, deducted 

Ifrom 180 , gave the extreme theoretical angle which could be measured. 

[Practically this measurement was stall further reduced, by the limits 

> within wluch it was possible to reflect an object from a plane stirfoce 

with aoonraoy, and which, if assumed as 170° instead of«180°, would 

«vo the angle from which the constant angle must be deducted to obtain 

WW extrone angle capable of being measured. The smaller the constant 

Kberefore, the nearer would Uiis angle approach 170*, with a given 

i^ivnount of aoouraov. It was observed that this constant angle was 

dependent on the relative position of the object glaas, the eye piece, and 

the horizon glass; and was in fact the angle formed by a line drawn 

ttom the eye piece to the centre of the horizon glass, witii a line drawn 

ftum the centre of the horizon glass to the centre of the object glass. 

^ Tht' reduction of this constant angle to a inmimtim was effected in the 

I'snodificiition alluded to, by placing the eye piece very near to the object 

I glaKs, and tht? InM-izon ghtss as far as possible both from the object glass 

McI the «ye piece. The extreme angle capable of being measured was 

tfras oonsiderably increatied, and with ouiiditions more favourable to 

aocuraoy; for wlulst the angles of incidence and reflection in the object 

^ass Were not smaller than in an ordinary sextant, those in the horiseon 

^^Um were constantly larger. With a given angle to be measured the 

Icnnditions were more favourable to accuracy, since the tines of incidence 

land reflection formed burger an^^es with the reflecting surfaces, both in 

tlie object and tlie horizon glasMS, 

Tn marine and Innd surveying, and in taking altitudes of celestial 
nbjficUi with on artificial horizon (where the angle to be measured was 
liouhl^ tho latitude), this increase in the capabilities of the instrument 
wiv', it wofl believed, a manifest advantage. 



Tlte following candidates were ballotted for and duly elected: — J. G. 
^Traoer, H. Hayter, R. Johnw:in, A. M. Rendel, J. D'A. Samuda, I. E. 

~" C. F. Whit<?, as Members; and Major A. C. Cooke, R.E., 

^Cftj^. W. H. Mackesy, C. E. W. Ogilvie, W. Sugg, D. Thwaites, 

J. K. Warham, and J. Weild, Associates. 



THE ALBERT MEMORIAL 
TO Tax xDiToa Of TBI CIVIL sxoixKn Asu AacHrrscr's ^ocsiraik 

Sir, — I have seen in your Journal several valuable rogsestioi 
as to the proper nature of the monument to be erected to tl 
kte Princo Consort. The injudicious proposal of the obeli 
having been overthrown throuf^h the objectious raised by nuui; 
respectiug that most ioappropriate detscription of moDUiuen 
the question is now again before the world. RegreltiDg that tl 
chnructer of the movemeut has been wenkened through tfa^ 
&ilure referred to, all persona must see that this coDsequence 
an atteni pt to force a questiou against the sense of the public hi 
its satisfactory aspect in otfenng a warning to those who rnighl 
attempt "jobs of the like nature in future. What object ooulr' 
an obelisk answer i The mere monumeut of brute power coi 
fidcd to one hand, and by that band directed to achieve a sing! 
object, which was only great because it was difficult and astoi 
ishingly costly; auch a memorial has few charms for the mMlem 
mind, which fails to see so much in those vulgar elements of 
greatness — size, force, and cost, aa an Eg^-ptian of Rameses' ti; 
naturally did. Prinoe Albert was a patron of art; let him 
eomtuemorated by a statue. To the uuestion, — A statne f( 
the Prince < most men answer, — undoubtedly a statue for tl 
Prince. There is bo other method of commemoration whi 
presents so many and such laatiiig claims for employmeai 
as that of sculpture. Carved iu marble, or cast iu bron 
a monument insures almost an immortality for the persoi 
the nation delights to honour to that extent. Much hi 
been s.-iid, and am be said, in favour of the public gratitu 
taking the form of some kind of benevolent institution ; b 
if we are to have a national monument of gratitude, givei 
by the nation in its corporate and collective capacity, it mnsi 
be such a one as all the world may see and remember 
high-placed statue, in marble or bronze, paid for out of tb 
national treasury, by vote of the national representatives, and 
wronght by an English sculptor, to the memory of the friend 
of England. 

A statue placed before all men^a eyes fixes the memory and en- 
courageg tlie hopes of others; the wing of an hospital, save to tb* 
immediate numbers receiving direct benefit from its use, aoon 
loses the name of ita founder. The edifice must be euormoua in- 
deed which wholly embalms a man's memory, — such a mun as theti 
Prince was; and people are convinced that no public building will 
wholly satisfy the newly awakened feeling of the world, which 
rushes witli tlie more fulness in the channel of gratitude, from 
the conciotisness that it has been a little negligent and dull of 
hearing when the voice was alive that spoke so kindly and well. 
Hcspitala and great institxitions arc monuments rather than me- 
morLols, as has oeen well said, and familiar use makes them to be 
forgotten except by those benefited. How many amongst us knoif^ 
the name of the founder of St. Thomas's or St. Bartholomew's ' 
Guy's has preserved the name of its fnuader, because of its romantic 
tale, and in no small degree from ita own oddity of title; but ev 
Guy's doe.<9 not do what it was meant to do. It foruisi almost a 
solitary example of a turning from an Original purpose to one not 
less, but even moi-e, benevolent. The house for " incurables" ofr 
Dr. Guy has become one of the moat maguiticebt, if not the mos 
magnificent and fully blessing centre of medical help in Europe. 
The chances that any change of destination, such as the course of 
time must be expeete<i to bring upon a similar institution erected 
to the memory of Prince Allwrt, should take a similar right di 
rectioD, are too small — aa innumerable examples sadly prove, 
wbereiu the fatherleaa and aick have been plundered — for ua tft^ 
desire that his memory ahould be committed solely to the chaigtt^ 
of any auch fortuity. 

I have said that no public building will wholly satisfy the 
feeling of the people of England in this matter, and believ*; 
they will look to tne national representatives to vote a sum for 
the erection of a statue on a gnind ecale, to commemorate bim^ 
who served them so well. Let this be the national expression off 
Parliament; and as the three or four Ihousands of pounds such A 
purpose will demand are not of much moment, the general publii ~ 
form of gratitude may take any larger scope the flood of subscript 
tions may allow. It might well bo the plan proposed by Mr. Cole, 
of completing an idea said to he much entertained by the Priuce, — '. 
that of foimding an Industrial University, the special object ~ 
which ahould be to grant degrees and honours in those |)arlicuhMr» 
scieucea and arts which directly influence works of iudugtry. 
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ijht schools of the Departnient of Science and Art, by grant- 
ing oertificfttres of competency to those trained therein, already 
PBxempllfy a portion of this scLeme; hence, I say, the proposi- 
Itioo is to complete a noble project already commenced and in 
I action, xnnch attended to by the Prince, and in the -working of 
Mrhich his loss will be sensibly felt for some time to come. With 
I th* detAiU of the plan as proposed by Mr, Cole in h is letter to Lord 
PCranvLlle I do not entirely agree ; believing that the idea of 
tgmnting degrees for the fine arts of painting, sculpture, architec- 
jtore, and music, must be watched with great heedfnlness, lest 
[|lie whole plan be brought into contempt thereby. The " when 
lombined with indnstrial application," the limit proposed for the 
|ar«ctice of this portion of the scheme, is so vague that many will 

Eia me in fearing its futility. Consider how it could be defined, 
rant a certificate for figure-drawing as the accomplishment 
most needful for an artist, and is it to be expected any body of 
exAminers would give the same to a Turner] Unquestionably 
not; and so men of that sort would fly from the body, and their 
example would license a thousand empirics, and weaken the 
ralne of the scheme. The world baa always a suspicion of snch 
things. You can grant a degree in dentistry, because you can 
examine the claimant, and test him practically; bat can you 
examine a painter upon the soul of his nrtV can you define its 
limits? or are yon at once to say that painting per ae is not an in- 
dustrial occupation? The idea of the proposed University is a 
aoble one, and was present in men's minds long b<'fore Prince 
Albert or Mr. Cole came into the world. Yet it may be well 
carried out to the Prince's houour if couEaed strictly in applica- 
tion to art manufactures, where definable and definite technical 
•kill ia required for the mere life of the thing to be produced; 
bat in Art, which flies for ita means of expression to form, to 
expression, to chiaroscuro, to ineffable colour or compoeition, one 
and all by turns, no teat can be applied. The more successful 
the scheme might be in that part of its application, the more mis- 
chief it would do. 

Either this or any other great scheme for education or for test- 
ing education would serve the purpose in view as well as or better 
than an hospital or an asylum. If an asylum was to be adopted 
a heedful thought might be given to that end for which Turner 
devoted so much of his savings. A tittle sign of gratitude for 
his great gift might be found under the greater payment to his 
royal contemporarj*, and the nation might so relievo itself of the 
■hame of having taken the unhappy letter rather than the spirit 
of a great man's words. The Prince served the cause of the arta 
to the best of his ability, and some portions of the teeming grati- 
tude of the country might fitly find expression, if an asylum, be 
fionnded, in the realisation of au even grander scheme than 
" Tomer's Gift" comprised. 

We may take it for granted that the national gratitude will 
find expression in some kind of public monument, and it may be 
expedient to consider what kind is fittest to the occasion. We 
cannot boast of rocks like those Sesostris carved his own figure 
upon, and which the Chaldean kin? used again, " The Pyramids 
have forgotten the names of their founders;" and if we, following 
the ancient example of Britain, were to pile a mound of earth as 
large as Cisabury Hill, people might a few ages hence dispute 
about ita meaning. The obelisk which lies in the mud of 
the Nile has been proposed for removal, as it inevitably is 
on any public occasion, but the public fails to see its appro- 
priateness to commemorate an Anglo-German prince; and how- 
ever bejiutiful the obeliscal form is, wo believe our architocln have 
Bot devoted sufficient attention to the study of the obelisk to 
enable them to produce, in a satisfactory manner, anything 
but a copy of the forms already known; and this, I believe, no 
one will desire, if the monument is to be characteristic and 
national. Neither can the obelisk be said to be popular amongst 
Bs. Even le.'«a popular are the monumental columns which have 
been employed, for such opposed reasons, in comniemoraliou of 
Nelson and H.R.H. the Duke of York. A third will not be 
tnlnmtPil. Then comes the Greek or Eoman temple form of 
! ' ition, of which one or two examples have been but nega- 
■ iinate. The Gothic Memorial Cross might be worth 
c ' - • ng; and if Her Majesty determine upon a special and 
yitia I'll il expression of her own feelings, the site at Charing 
Cro*« \tiis> a name nud everlastinjr sympathies connected with the 
most .\pl ftiicl beaiililal series of works dedicated by household 
\nvt'- 1,11.1 Victoria of England might repeat upon the s^me site, 
of Saxony, whit Edward of England did for Jilleanor 
<■■ L '_i'_-. This form of monument seems almost sacrtd to 



religous or marital memories. The Scott roonument at Edin- 
burgh forms the only example, in our memories, of a diven* 
employment. 

Putting aside works of utility, such as bridges, of which we 
can have enough as required, there seems no doubt but that a 
■tatne constitutes by far the best form of monument open to us. 
Few will hesitate to vote for an equestrian statue, for not only is 
that the noblest form, but, oddly enough, we have had fewer 
downright failures in equestrian statues than in statues on foot. 
The most luckless of these, Wyatt's " Duke," owes much of it« 
grief to the position fate and aome " board" have bestowed upon 
it. Loudon offers many sites for the national statue. A most 
appropriate one is already filled, by the desire of the Queen that 
the space above the arcade in the Soyal Horticultural Gardens, 
which was to have held her own statue, should hold that of the 
Prince himself. Moreover, fine us this site is, it were not public 
enough, if unappropriated. To a certain extent the placing this 
memorial at South Kensington supplies a want many must Lave 
recognised, i.e., that something of the sort should appear in that 
suburb with which His Boyal Highness was so much identified. 
Otherwise, the Kensington Boad, immediately above the Gar- 
dens, would offer a noble site, visible in three directions as far as 
the eye can reach, close upon the site of the International Exhi- 
bition, and more open than any space could be found in front of 
the latter. By widening the road on either side, which readily 
could be done, any interruption of traffic by the erection of the sta- 
tue on this sito would be avoided. This would also be more public 
than the site suggested in Hyde Park where the great ti-ansept 
of the Exhibition Building stood, and near enough to commemo- 
rate that also. No sculptor would like to see his work — a work 
upon which so much time will needfully be spent — placed anywhere 
within hearing of the monstrous '^ Duke:" otherwise Hyde Park 
Comer is a grand site for a grand work. It is quite certain that 
statues are never more to be buried in gardens, so we may dismiss 
the idea of any "square" giving a habitation to the one contem- 
plated. There is a noble space right in front of Buckiugham 
Palace, at the head of the Mall, which, although dominated by 
the ridge of Piccadilly, is yet open enough, and has the sanction 
of the continental custom of placing royal statues in front of 
royal palaces. If this site be thought more royal than national, 
it is at any rate preferable to the summit of the Marble Arch, 
unless, indeed, the memorial takes the form of a chariot and 
horsesi, or a great group of many figures, — which, as portraiture 
seems essential under the circumstances, appears out of keeping 
with the occasion. The summits of triumphal arches are only 
fitting to the display of such groups from their very forms; and 
any attempt to repeat the monstrous folly at Hyde Park Comer 
will only constitute a second instance of Imrbarous ignorance and 
stupidity. Eegent Circus seems unfit, and Waterloo PUoe haa 
haridly room for a large work without interfering with the works 
already there, or which on a smaller scale might find standing 
room between the Guards' Monument and the York Column. 

Anyone who has seen the effect ofplacing an equestrian atatne 
within a quadrangle, of which Mr. Foley's Lord llardinge, when 
exhibited at Burungton House, afforded a noble example, will 
agree that such is a favourable locality. I may name, amongst 
other sites, the very appropriate one of the front of the new 
buildings now in course of erection at South Kensington for 
the use of the Departnient of Science and Art. There was 
presented to Parliatuent along with the report on the South 
Kensington Museum, made tho year before last, a perspec- 
tive view and ground plan of certain works proposed by 
Captain Fowke for the use of this department These em- 
braced a crescent-shaped court-yard, bounded by a screen of 
columns on the north side, and thence opening into a quad- 
rangle. It is understood that some such work as this is decided 
upon: at any rate, the departmental buildings now in course of 
erection are part of this plan. However the fafode may be 
carried out, there must be a fafade, and in front thereof ample 
room for the equestrian statue of the Prince, backed by buildiugs 
lie himself contemplated, in a locality he may be said to have 
erected, amongst living interests and actions to whose fur- 
therance he dedicated much of his life. Almost every other pai-t 
of London has some asaociatious not peculiar to the Prince's life 
and labours. Palace Yard, rather unfortunate in its pi-esetit 
predicament, inclosing Baron ^larochetti's bad statue, h.i« 
legal or historical memories not to be disturbed. The Hoi-^i- 
Guards is military; Charing Cross might do well, — and there 
is a vacant pedestal at the corner of Trafalgar Square; but theu 
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no one would like to see Prince Albert pend&nt to George IV. 
— that would be too hard upon bis late raajeety. I therefore 
offer three sngjE^estiona — the front of Buckingliam Palace; Charing 
Cross; anri the front of the new Museum at Sonth Kensington—' 
and advocate the laat. 

With respect to the nature of the statue, let us enter an earnetit 
protest agiiinst anything in a Roman toga. Probably acolptors 
exist who would dare to put a man wearing each a garment 
upon A horse. Let us also exclude — feeling the world has got 
beyond the boyishness which loves these things only-the chlamys 
and the pepjum, together with the military cloak, the cocked hat, 
the Bword, and even the eternal scroll itself. Put the Prince on 
horsebaok, in the dress he wore amongst ns, honestly and not 
conventionally treated. To do this the sculptor has a difficulty 
to overcome, and in overcoming it he will show his knowledge of 
his art. It may be done and has been done, and ought to be 
done again. To shirk the question of armour by indenting 
it upon a man's skin, according to the fashion of poor Richard 
Coeur de Lion, shows the weakness of an artist. To meet 
it boldly, like Veroechio did with the magnificent Bartolomeo 
CoUeonni, shows the art and wins the victory. To shirk the 
question of modern costume, and show the muscles throngh a 
garment such as no hummn being ever showetl or could show, 
may be a sad temptation to the sculptor bred upon the antique, 
and whose knowledge of art is limited to its classical develop- 
mente: bat the world says that the time has come when no 
further toleration sh-all be given to such trifling. The monu- 
ment should be bronze, because that bears London air incom- 
parably better than marble, and cannot be fractured. — I am, Ac. 

rLontlon. May 20th. 1862. F.G.S. 

J Mnnual of Civil Engineering, By W. J. Macquorn Rankine, 
C.E., LL.D., F.IL3., &c.— Ltmdoa; Griffin, Bohu, & Co. 1862. 
[Second notice.] 
We have already (ante p. 90) briefly noticed this work, and 
mentioned the general scope of each of the three parts into which 
it is divided, reserving for the present occasion the discussion uf 
its details. 
The First Part, treating of Field Work, is fnll and explicit. 
Instructions are given as to surveying with the chain and otisets, 
plotting surveys and measuring areas. The formula used in 
trigonometrical surveys are next set forth, including as much 
spherical trigonometry as is needed for gi-eat surveys, with pome 
serviceable appi-oxtmations for practice. The theodolite with its 
use and all the .idjustmeuts, the sextant, and other instruments, 
are clearly explained ; as ."^Iso all the details of triangulation, 
including the method followed in surveying mines. 

A chapter is given to the spirit level, with its adjustments; 
the ordinary method of levelling; levelling by the theodolite, 
by the plane table, by the water level; and computing heights by 
the barometer, or by observing the boiling point. Besides the 
common directions, corrections for the curvature of the earth and 
atmospheric refraction are introduced, with instructions as to 

rthe distincea at which such corrections become necessary or 
appreciable. Prof, llankine's method of keeping the field-book 
is very precise, and in accordance with what is, we believe, 
usually taught in works on the subject; intermediate sights 
being entered twice, first as forusights, and then as backsights. 
Experience does not however lead ns to recognise any practical 
advantage in this double entry, which, when the intermediate 
sights are numerous, gives a much greater m.as8 of figures to 
cast up on completing the page. A good deal of ciphering 
is suved by entering nothing in the backsight column but 
actual backsights, except in the case of the last sight at the 
foot of a page fa«ing an intermediate sight, when it must of 
course be repeated as a backsight at the top of the following page. 
The foresights on "pivou" (as well as the last foresight in the page 
whether on a pivot or not), should be distinguished by inclosing 
them in cartouches. By adding these foresights only, and adding 
the figures in the backlight column, and subtraotiug one sum 
from the other, the redaction of the levels may be completely and 
easily checked. 

In treating of Setting Out, oar author gives, in addition to the 
more ordinary direotiona, instructions how to deal with the diffi- 
cult COMB that freqaently ariae. It is right to state that th« 



elegant and ready metho<i of setting out oiirves by the angle at 
the circumference, now so generally praotiaed, seems to havo 
been first published by Prof. liankine, in IS43. Chapters on 
Marine Surveying, and on Copying and Seducing Plana, cod< 
elude the First Part of the volume. 

The Second Part of the work is devoted to Materials and 
Structures, and in it the strength of materials and the prindplas 
and details of construction are explained very fully, and in a 
lucid and satisfactory manner. Resolution of forces, the theory 
of couples, the finding of centres of gravity in varioQS caaoflL 
friction, and angles of repose, are in the first plaoe discasse^ 
Triangular and other framework, suspension chains, anti arches 
of various forms, are next examined. After giving the general 
formulsB for the JParabola and for the Common Catenary, a com- 
parison is made between the two carves by substituting an 
infinite converging series for the definite equation of the catenary* 
The following are the results: — 

"The oniisAteit supposed to be meaaurod from apoint at the distancti 
m below the vertex. 

t Catenary; y=m (l + — -\.J^ + ^^ + tc\ 
Ordfaiate } \ 2m»^24m«^720m« ^ J 

of the ) / i*\ 

/ Parabola; y^w /I + —\ 



4 



dx •» 



Area 

the 



Length 
of ^e 



^ ^Catenary ^^=«.r( 1 +^^, +l£ri+ *^ ) 
/ Parabola; /ydx~mj:^ 1 -\- ^^ j 



ParaboU 



; i = x{l + -^ _ 



Dm* / 



It is to be borne in mind that the quantity denoted by M in AmI£j 
formulffi is df»tbU of that denoted by m in Article V25, 
The following table exemplifies their results for the osse x=m -^ 8: 



Ordinate 

Catenary 1-0561 

ParaboU 10556 



Slope. 

0-3395 
0-3333 



0002 



Area 

= mx X 

1-01«6 

1-01 85 

00001 



Lengtb 
= asx 

10189 
1-0182 

0-0004 



DifFerencfi ... 0005 

In the foregoing extract, ni represents the modnlna of the 
cat*n.iry or half the (mrameter of the parabola, representing in 
ench curve the proportion between the horizontal tension and 
the horizontal rate of loaciing at the lowest point. The curves 
compared have therefore at the vertex the same ratio of tension 
to loading, and consequently the same curvature; and from thia 
point of departure they begin to diverge very slowly, as is seen 
above. It may be intei-eating to compare these results with 
those where the span and rise is fixed, and the parabola and 
catenary determined accordingly. In sach a case the curvatures 
at the vertex differ, and the two curves have three points in 
common. In another part of our present number an instance is 
given where the common rise is one-tenth of the common span, 
and the amount of the maximum difference is ascertained. This 
will be found very much smaller than that which separates the 
two curves, starting (as in the preceding exti-act) with a coaumon 
curvature.* 

The " Catenary of Uniform Strength" is also very close to the 
parabola, thoogh not so close as the common catenary, which. 
occupies an intermediBte position between the two former curves. 

The very useful principle of the Tranafonuation of the figures 
of equilibrium of Frames or Cbaiua by means of Parallel Projec- 
tion is explained and applied. The transformation of the Gate-, 
nary by proportionate reduction of ordinates, so as to obtoiQ jk 
curve for au arch, is an elegant instance, and also that of ^at 
distorted elliptic rib. ^ 

■ — — — — «t — - I 

* Id tha lnw*%ttlm ttStmA to tbe letter <t b ued, m is w, bf FroL Kular« Ir | 
d«ao(« tb« atodidDS of Iks mintrj. 
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TUe hydro9t»lic aroh is analytically examined, and tLe follow- 
ing meonanical tnetliod of deaciibiug it ia aLao given: — 

"A mechanical mode of drawring & hydrostatic &rch i« bued on the 
bet, that ita figure ia identical with one of the " claetio curves" or fomu 
Mfumed by an unifonuly stiif spring when bent. 

The Accxmwjy of figure and uniformity of xtifiTicaa of a spring are to 
\\t Hoertuned by the two following tenti: — 

Pinty the ining when aastmin«d ahonld be exactly straight. 

£to»iMfiy, when bent into a hoop by pinching the two ends together, 
il ilioakl form an exact circle. 

A spring A (Fig. 118), fulfiUina these oonditious, is to have its ends 
fsed to two ban at B and D, and the other ends of thoge bars, C and 
^ aro to be pulled dintctly asunder. Then the straight line CE, in 
Fi». 118. 




which the foroea «o piolling the bai* are exerted, wiU represent the upper 
Muiaoe of the loading material, and the spring A will assnme the figure 
of the oo i reqf WMu ling hydrostatio arch. Any proportion of riae to spaa 
qn be obtained by varying the tcnrtion on the ends of the bara, and the 
lat^rtion wluch their lengths bear to the length of the «pring, " 

The mathematical principle* of arches geuerally are fully dia- 
ensaed, not omitting the uanal laborious tentative methods for 
detenoining the Points and Angles of Bupturo. 

On the Strength of Materials, the Transverse and Shearing 
Stnina, Section, and Deflection of Beams, the process of design- 
ing them, and kindred! topics, our author treats fallj, aod with 
his usual clearness and method. 

The complex question of the Arched Eib (or Arch Girder) is 
fiiirly encountered, and treated jn a manner that shows a full 
appreciation of the nature of th is delicate problem. The cognate 
problems of the Suspended Girder and the Tension Rib baring 
Deen discussed at some length in this Journal, aud the results of 
a rigorous analysis (though not all the steps) presented to our 
readers, we quote with interest the process which Prof. Eankine 
ha* followed in his independent investigation. 

" 180. Stren^ cuMi Stiffneti of an Arched Rib under vertical loadt. 

Fig. 162 repraents an arched rib, springing from a pair of abutments, 
and supposed to be under a vertical load. Let £ A U D B' be a curve 
traversing the centres of gravity of ,-vU the cross-sections of the rib; this 
may be cailoil the neutrul curve; and it represents the figure of a " linear 
arch," or indefinitely thin rib, whose oonditiaoa fA equilibrium are the 
Same with those of the actual arch. 

When a vertical load is distributed over the arch, agreeably to the 
oonditioni of equilibrium of the neutral curve, each partick of the arch 
Tia. ISS. 




' Is oompnessed, in a direction parallel to a tangent at the nearest point 
' of the neutral curve; and but for the circumstance to be stated pn- 
■ently, that compnwnon would be uniform throughout each cross section 
of the rib, so tliat the ui'utral curve woidd be the " line of resistance." 

But the comprt«.sicin depresses the whole arch, so that the neutral 
Oirve juMumes some nsw frgiire. such as 6 a c d B', in which it« cnrw 
tore at each point difft- re frt>m the ori^al curvature; and hence, even 
aader » load distributed as for an equilibrated or linear arch, them Is a 
> heDding action comlnned with the clireci compression. When the dis- 
Mwtion of the load differs from that suited to the nentml onrve as a 
linear arch, the bending action varies in its amount and ()i»tribution. 

In either case the arch act« in the double capacity of a rib under direct 
eomprasBiua, and a beam under » trans veme load; and its strain and 
•em aA each point ore the resoltants of the stnuns and strew^s arising 
from the directly compressive action of the load, and from its bending 
action. 

Pboblem Fihst. Oeneral Case. — In solving problems which relate 
I to this sabject, it is in general most convenient to muitsitro c^i-ordinates 
itom a point such as O, in the same vertical line with one end B, of the 
neutral curve. 
C beutg any point in the curve, lei 



z = O E be its horizontal distance from 0; 
y = £ C its vertical depth below O; 

Let 2 =1 B B' be the span of the neutral curve, and k its rise. 
Let w be the whole intensity of the vertioal load, whether coAStaut or 
Variable, in lbs. per inch of horiaontal distance, so that 



/* 



mix is the whole load on the arch. 



Hie load w d X on eaoh small portion of the arch may be conceived to 
consist of two parts, 

w, d X, producing dhect compression alone, being distributed SAOord^ 
ing to the Liws of the e<}niUbrinm of a linear arch, — that is, 

in such a manner that i«, = H -^ (H being the still undetermined hori- 

di* 
lOntal thrust of the arch), and 

(«^«r,)clc=("-H^)«ir (1) 

producing bending. 

Having formed the preceding expression, by putting for w and 

their proper values, proceed as follows: — The vertical component of tlM 
shftaring force at any point suoh as C is 



i'=Fo-/**«»di+Hr 



dy_ dy^ \ 
dx dXf, / 



(8) 



Fg being the still undetermined vertical component of the shearing foroe 
at B, and — j— the slope of the neutral curve at that point. 

The bending moment at C is , 






(3) 



Mg bong the still undetermined liending moment at B. 

The alteration of ctirvature produced in the neutral curve at C by the 
bending action is — M -^ £ 1: the negative sign being prefixed to 
dsBots that downward curvature is to be considered u posiUvo; and the 
alteratioo of slope is expressed as fullows:— 

dv , /»• M / S^T 



{*) 



I, be'mg the still undetermined alteration of the slope at B. 
The vertical deflection at C is expressed thus,— 



=/' 



t d:c 



(5.) 



The bending action of the load is thus expressed by the four equations, 
2, 3, 4, 6, containing four indeterminate oonstants, U, F„ M„ i,. If, 
in eaA of those equations, x be made = I, expressions are obtained 
apphcable to the lui^ber end of the span, £'. 'niese expresaious may 
he denoted by F„ M„ t„ Vy 

Let d t = C D = v' d x* + dy* denote the length of an indefinitely 
short arc of the neutral wuttc. That arc is not altered in length by the 
liending action of the load; but it is altered by the direct compression lAJ 
the proportion given by the following e(iuation: — 



dt. 
Z 



d» 
£A 



|R> 



in which A denotes the sectional area of the rib at C, and the negative 
sign indicates oompression. 

To find the combined effect uf the bending action and the oompressiT 
action on the figure of the neutral curve, proceed as follows: — 

Let ti denote the po«itive horizontal dixphkoeroent of a point in it, such 
as C. For examnlc, C D being the original podtiou of an indefinitely 
short arc, and c a ita oltored position, let 

OE = x; OF=ir + d*j 

EC = y; FD = y+dy; 

cn-dv, 

O t — X -\- V, Of:=x-^-u-^dx-\-d%; 

ee = y-f-t'; /d = y-f*-fdj(-fdi>; 

cdr: dt-\- dt. 
Then from the two equations, 

d «* = d X* -|- d y'; 

(d » + d o« = (rf « + d »>' -h («i y + <J f)*; 
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The following is deduood: — 

2d».dt + dt'z=2dx.du + du^ + 2dydv + dv*; 

and from this the temw d t*, d u". d c', may b« rejected, aa inappre- 
oJAbly auukU oompiired with the other temtB, reducing it to the following: — 

dfdt = dx'du + difdv; 

whence ia obtaioed the following expremion far the horizontnl displace- 
luent of D relatively to C: — 

ds dy 

^''^di^-A^'' <^> 

<f»» dy» 

For dt put ita value aocording to equation 6, and make -j^^ =1+ ^s 

and dt= idx; then 






dx 



dx 



(U) 



which, being integrated, gives for the horizontal diBplacement of C rela* 
tivdy to B and in a direction away from it, 



.=-7:'{^c+fV)'+"i}^ 



(8) 



sa expranum oontainiog the same four indeteniiinate coiutants that 
have uready be«n mentioned; and if x be ma<le = I, there is obtained 
the alteration of the span B B', which may be denoted by w, . 

If the abutmenta are absolutely immovable, u, = 0. If they yield, 
«, may be fonnd by experiment. Hence, aa a first equation of oimdition 
for finding the indeterminate constantB, we have 

«, = 0, or a given quantity ... ... (9) 

A second equation of condition expresiiea the immobility in a vertical 
direction of B', the further end of the rib, and ia aa followa: — 

*. = (10) 

The enda of the arched rib are either fixed or Uot fixed in direction. 
In the former caae, »„ = 0; and in the latter, M^ = 0; *o that in either 
case, the number of indeterminate constants is reduced to three. One 
more equation of condition is therefore required; and it is one or other 
of the following: — 

If the ends are (ixetl b direction, t, = ... (11) 
If they arc not fixed in direction, M, = ... {11 a) 

The values of the three constants being found by elimination from the 

I equationa of condition, are to be introducecl into the expressions 

the moment of flexure (3) and the deflection ^5), which will now 

I formulae for calculation. 

If thrust be treated aa posittve, and tension as negative, the greatest 

intensity of stresa at any given cro«B-eection ia to Jie computed by the 

fonnala. 



threei 



■adt 
« - dx , Mm7i 



(12) 



the positive or negative sign being uaed according as the moment M 
acts towanls or fnim the etige of the ril> under oonrideration, whose 
dSsUace from the neutral curve is m' A. 

From the expreaaion 12 may be deduced the position of the point 
wlieM the stress is greatest for a given arrangement of load, the arrange- 
ment of load which makes that ttresa an abaolute maximum, and Uie 
corretponding value of the stress. 

The vertical deviutiim of the liuo of resistance from the neutral curve 
at any point ia given by the expression 

M^H; (13) 

[ te perpendicular or normal deviation by the expression 

^-4: <i^> 

and these deviations take place in the direction towards which M act(<. 

When the deflection ia found by direct experiment, the following 
formula may be used to compute the greatest atreaa from it: — 



^1 = 



H — 



4Em7tP 



(15) 



The nreceding is a general method, applicable to all caeea in which 
the loail is vertical." 

In the preceding extract we are glad to recognise the same 
principles that guided our own investigation — the only priDciplea 
on which an accurate solution of either problem ia possible. 

If space permit we may be tempted to return to this volume, 
which contains a large maes of information well anange'd, and 
bears the marks of digeated study and original thought 



CHEMISTRY AS REPRESENTED IN THE INTER- 
NATIONAL EXHIBITION, 1662. 

The great importance of this branch of science, viewed as aa 
auxiliary to every other, beside ita immense value when taken ia 
the abstract, cannot but claim for it the uotice of every journalist. 
We need not retrace our progress to a very far distant date ia 
order to aiTive at the pjeriod when our continental neighbours, 
more especially the French, produced unquestionably the finest 
chemtcal, as well as the purest pharmaceutical preparations of 
the day. Hot and strong has been the coutest for the palm 
during each succeedius year since the Exhibition of 1861, and in 
fairness it must be admitted on all sides that we cannot yield 
our laurels to any other country, and nmy indeed say, without 
Overtaxing our national modesty, that we carry the palm our- 
selves. 

No legislative fiat can so thoroughly remove a Duisaoce 
arising liam the exbatattou of noxious vapours as the dis- 
covery of the fact, that such exhalations consist of products 
that may be collected to the advantage and profit of the par- 
ties In whoBe premises they are eliminated ; and again, no sooner 
doea a legislative interferenoe compel our manufacturers to 
collect any deleterious product that has usually found ita way 
into our streamlets and brooks, than the question is serioualj 
disGusaed, how shall an utilization of these mischievouB products 
lessen the expense to the manufacturers of the removal of the 
incubus ; and often has chemistry found a use at a tempting price 
for such a debris, which debris has at last grown to be a commercial 
necessity, and taken its place in the important category of demand 
and Bupplj. Indeed, the marvels that chemistrj has wrought in 
the utilization of these objectionable and poisonous substances 
provcp at every step of their development that nothing useless 
exists in crontioa, and that it largely rests with man to subdue 
and appropriate all elements to his service and the universal good 
of mankind. Architecture ia, and will yet be more, largely indeDted 
to the science of chemistry for the removal from the atmosphere 
of towns those destructive elementa that are so fatal to architec- 
tui-al beauty. Certainly it might with an apparent show of justice 
be said that chemistry began the mischief, but we think the more 
correct judgment ou the matt^^r would be that the impei'fect 
knowledge of that science, and the halting in the pathway of 
utilizing chemistry has caused this perversion of the facts of the 
case, The trophy in (JIass 2 is at once a support to our argument, 
the ammonia alum forming the principle mass in this trophy haa 
for its alkaline constituent the ammouiacal products of the gas- 
works ; and is it not a matter for deep regret that for bo long a 
period this valuable alkali was sot free to combine in noxJooB 
forms with other substances in our atmosphere, whilst we were 
collecting camels' duug iu foreign climes for the manufacture of 
our chloride of ammonium and other forms of this highly volatile 
and useful substance. Not only ia the science of chemistry proving 
itself in a high degree beneficial in removing causes of destrtiction 
to our buildings, but every age finds it rendering essential aerrioe 
in the improvement of the materials of building construction. 
Our wood is now preserved most effectually, — our iron has 
reached an almost incredible degree of perfection in its manu- 
facture, in its tensile sti-ength, and indeed in all its other 
characteristics. Our cements are obtainable of extraordinary 
tinenesa and durability. Our lime ia more carefully chosen iu 
its loaterial, and more akilfully prepared. Our bricks, whether 
containing more or leas silica or alumina, are compounded, 
manufactured and burned so as to insure a much greater crush- 
ing resistance, compactness, and darability, than ever thej 
before attained. And stone, that paradox, being at one and 
the same time the emblem of strengtn and durability, whilst 
before our eyes it displays the greatest amount of perish- 
ability, — may now be impregnated with a roateriaJ nothing more 
or less than glass, (technically termed silicate of alumina); which, 
from sound reasoning, may have been, the means adopted of 
hardening many of those altiioat imperishable records of the 
ancients; and nothing ia more likely than that the discovery of 
this extraordinary stibatance, and ita peculiar manipulative ad- 
vautages, will lead to the successful adoption of an extemul 
decoration in steroochromy, so long deemed a desideratum. 

Having thus introtluced the branch of B<:ieuce so completely 
represented in Class 2, we hastily note a few of the objects and 
productions most worthy of attention, though it cannot be ex- 
pected hut that we must from our limited space omit mention 
of many objects exceedingly worthy of a moat careful investiga- 
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tioD. We hove iDtroduced tlie trophy, hut much finer specimens 
are to be seen in the class, of the moat of its couatitueutH; we 
mention, therefore, only the latest arrival, that of the new i;ab- 
atjuice Tballiuni, belonging, we suppose, to the class foi-minK a link 
between the metallic and mineral kingdoms. This suoatance 
has bfen discovered by the aid of the spectrum analysis of 
Mr. Crookes. The soda alkalies are superbly represented in all 
the beauty of their crystnlliue forms by our manufacturers, and 
certainly are unmatched for their great purity and lowness of 
prioe. The sulphates of copper and iron are also exceedingly 
fine; and our valuable and beautiful product, ferro and ferrid 
cyanide of potassium, which give birth to so many useful, beau- 
tiful, and even deadly poisonous productions, are to be seen in 
all their magnificence as the production of the Hnrlet and Cam- 
pin Alum Company; and the bi-choniate of potash, parent of all 
oar chromes, and sister of our brilliaatmageata, is shown in very 
fine crystals. 

All the before-mentioned strike the visitor at once from their 
ai2e; but of course the acetate of rosaline, the queen of the coal 
tv products, ia one of the most novel, as well as one of the most 
charming, productiona in the clnsa : in fact, we have in it a 
chamelioQ crystal, which in solution forma the magenta colour. 
If we dip a feather therein wb have all the gorgeous effect 
seen in tne plumage of birds of tropical climes;. The crowns 
exhibited by Messrs. Simpson, Maule and Co. we are informed, 
were crystalised in a bath of material no less than /1500 in 
valos. We must not forget however that Mr. Perkius wu 
the first to discover the application of Hiiiline tu the process 
of dyeing. Under thnt able chemist, Dr. Hoffmann, he learned 
the properties of the aniline, and from bim also the fact of its 
b«iag outaiuable from coal tar. A valuable mass of aniline, as 
also lie product, are to be seen in Mr. Perkins' case in the Exhi- 
bition, whose mauve and purple have suggested the substitution 
of other re-agents for bi-chroniate of potash; bichloride of mer- 
cury, producing magenta; bi-bromide of tin. fuscbiaciae; nitric 
acid, ozaleine; arsenic acid, purple and reds; Li-oxide of lead, 
roseine; manganese salts, pinks and reds. Such results, then, 
has chemistry produced from oU of tar, and we must not forget 
that anolioe is but one of eleven bases obtained from that 
noxious substance. 

Alnminium is exhibited in bulk by Bell Brothers, of New- 
castle, who also exhibit tine specimens of sodium, the novelty of 
which consists in its introduction into the market at an extra- 
ordinarily low price, placing it in the category of available 
metals. We have also a new production (of which we have 
before spoken), by Bartlett Brothers, of Camden-town, consisting 
of specimens of silicate of alumina, produced from the union of 
silica and alumina in an alkaline menstruum. Here we have 
•olved the grand question, with regard to the silicates, how shall 
they be rendered insoluble and yet appHed in a liquid slate. Tliis 
discovery reveals the fact tliat such combination of silica with 
alumina remains in a liquid form for a certain and controllable 
length of time, and then the re-ageut alumina, combines with 
the silica, forming a glassy product insoluble in hot or cold 
water, or even in dilate acids. These results are all exhibited, 
with the application of the solution to stone for the purposes of its 
preaerration, as also to powdered waste stoue, showing its power 
of combining those materials without heat; these manufucturers 
also exhibit fine specimens of the silicates and alumiuates of 
•oda and potash. 

Oxalic acid from sawdust is exhibited by Robert Dale and Co. 
Bamuey baa liberally prepared specimens of the new dyes, and 
their application to fabrics since 1851. All the dyes — indigo, 
Uehen, madder, garancine, meurexide, are well represented by 
both scientific men and mauufacturen*. The fine and rare chemi- 
cals are of course moat interesting to the professional man, but 
there ie much to admire in the collection of iodides and iodine 
prodacts, lithia and nickel salts. Messrs. Hopkin and Williams 
have some exceedingly tine preparations in both chemical and 
pharmaceutical products. Starch is exhibited of exceedingly fine 
quality, by the large firms so well known aa producers of this 
article. The Pharmaceutical Society have a splendid collection 
of drugs (in a case displaying most excellent taste); Haubury, 
Dickinson, Walts, Usher, Holland, and Brastick are not behind- 
hand in the same products. Artists' colourmen of long standing 
and renown have shown a spirit of emulation worthy of the 
object to which they have devoted their energies, and their com- 
jitie ancoeas ii apparent in the contents of their several caaea, 



and the unique arrangement of their dazzling product*. M'Far- 1 
lane and Co. exhibit a fine moss of crystals of codeine, said to b«| 
worth £2tK). Mr. F. O. Ward shows in his case exponents of hii j 
proposed mode of extracting potash fi-om the mineral feUpaii| ' 
which contains a large percentage of pure alkali. This product 
will never revolutionise the alkali manufacture so long as the 
present sources hold good, but when they fail it is by no means a 
bad idea that the rocks and hills shall supply the desiderata. A 
mode of separating woollen from vegetable fibre is also illustrated 
by the same exhibitor; wool succumbing to heat sooner than cot- 
ton; the one is destroyed by superheated steam, whilst the other 
ia manufactured into paper. The preparations from opium ara 
exceedingly fine, with other preparations and products, revealing 
an amount of progress of an almost incalculable extent in the 
interval between 1651 and the present time. 

Nor should we leave this class, with its important exponents 
of this invaluable science, without a word on the energy and 
care displayed by the superintendent, Mr. Charles Quiu, and 
his assistant, Mr. Thomas, who, under great disadvantgea 
attendant on the annexe in a structural point of view, and ita 
having been a gangway for heavy goods until the latest moment, 
have reduced what at at one time appeared to be a perfectly 
unmanageable mass, to a court of order, displaying no uoauj 
amount of tajate in ita arragement. 



LENDAL BRIDGE, YOHK. 
(With En^ravin^t.) 

Iq this Journal for June last descriptions and drawings wi 
given of the bridge then being erected at York. The disaster 
which attended the placing of the large rosd-girdera, and which 
caused the whole of the ironwork of the bridge to fall into the 
river, will be in the recollection of our readers. The cause otm 
that accident ia even now a disputed point; the engineer waa not* 
in any way responsible in the matter, as it devolved upon tha 
contractors to place the girders in position, 

The complete wreck caused by this disaster, leaving only the 
abutments uninjured, afforded an opportunity for the reconside- 
mtion of the general design of the bridge; and «t was eventually 
determined, by the Corporation of York, to adopt a more orai 
mental design. 

Under these circumstances, Mr, Page, C.E., waa asked to 
furnish drawings, and the result is the erection of the bridge 
now in progreaa; illustrations of which accompany this notioe,! 

The design consista of a Tudor arch of cast-iron, 175 feet span J 
25 feet rise, shown in Plates 13 and 1^ where Fig. 1 represental 
a half elevation of the bridge : Fig. Sljrnanaverse section at th« 
centre: Fig. 3 a transverse section (>MPdge at 0, 0, on internal 
rib: and Fig. 4 a half longitudinal section of bridge, showing one 
of the internal ribs, with details. The apandrils are filled with 
open Gothic tracery, the principal openings being charged with 
shields bearing the arms oi the see of York. The interior spaudrils 
are filled with an iron-plate pierced to correspond in pattern with 
the external Gothic spaudrila The parapet consist* of quatrefoil 
openings. The springiug-line of the new bridge is at the ordinary 
summer level of the river. The six longitudinal ribs are aatirely of 
cast-iron, and are 3 feet deep at the crowu^ increasing towards the 
abutmenta These ribs are stiffened by cross-beams varying in 
depth from 2 ft. 10 in. at the crown to 3 ft 9 iu. as they approaoh 
the abutments. A bed has been cut in the brickwork for the 
reception of the skew-backs against which the ribs abut; the 
skew-backs resting upon granite slabs 18 inches thick. 

A covering of ojrrugated platee rests upon the bottom flange 
of iron-joints, placed longitudinally upon the transverse girders; 
the corrugated plates for the carriage-way are §-inch thick, and 
for the footway ^-inch thick. 

The carriage-way ia formed of a layer of concrete 3 inches 
thick, consisting of cork and bitumen, placed immediately upon 
the corrugated plates ; upon this is a layer of concrete, formed of 
Portland cement and gravel ; and upon the latter is placed the 
granite paving. The footpaths conaiat of a layer of concrete 6 
inchea thick, covered with 3 inch York paving. 

The uninjured abutments are retained, with the addition of 
concrete backing to provide for the thrust brought upon them by 
the aubstitntion of an arch for a girder. 

Tha estimated quantitiea for the new bridge ore— 
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[Jute I. 



CMt-iroQ 
Wrought- iron 



Roadway 



T«M. Cwt. <tr. 

230 

60 1 1 

308 1 1 

224 15 



682 16 1 
The contract for the proviaion and erection of the caat-iron is 
£^26. The bridee is being erected under the superintendence 
of Mr. Page, C.E. Messrs. Hawks, Crawshaw, and Sons, of 
Gkteeheod, are the contractors. 



THE MIDDLE LEVEL SLUICE. 

TwESTT years have ebpaed since the low-lying flats of the 
Midi lie Level have been exposed to so foraiidable an invasiou 
of tiieir old enemy aa was heralded by the blowing up of the 
great sluice on the -1th of last moutb. Won by the slow and 
persistent efforts of many generations from the ancient dominion 
of the waters, the meres and fena, which were once the debateable 
diatrict of the tides of the Qermau Ocean and the rivei'ti carrying 
the water-shed of six counties, have gradually been converted 
intn some of the iiueat arable and grazing lauds of England.* 

The partial and isolated works of the churchmen holding the 
higher lands had prior to the Reformation reclaimed considerable 
dLstrictfl. But it was reserved to the skill and enterprise of a 
Dutch engineer (Sir Cornelius Vermuyden) to devise and carry 
out, under tlie auspices of the Earla of Bedford, a comprehensive 
scheme for draining the entire level This work, successively 
encouraged by James I. and Charles I., and interrupted by local 
prejudice and dixconteut (fomented at the outbreak of the Great 
Civil War), was coiuploLed under the Commonwealth. The main 
feature of the plan was the cutting a straight drain (the Old Bed- 
ford River) from Earith to Denver, carrying the waters of both 

jOuzes, the Cam, and three other rivers, towards Lynn Harbour, 
id discharging them at Denver through a self-acting sluice cou- 

(atructed to exclude the flood tide. Much however yet remained 

bo done before the whole of the district conld be effectually 

ahvimed and secured from the occaHioual floods of the inland 

'waters, for which the outfall provided waH inadequate, and which 

had to be in great measure kept under by pumping by wiudmilL 

Subsequently it w:ia found that Lynn Harbour was being silted 

ivp, which was attributed to the stoppage of the tidal water by 

'1}euver sluice ; and in the midst of^ ooutentioua on thiii subject 
Denver sluice blew up in 1713, and was not again constructed 
until 1748-50. 

The coudiot of local interests appears to have afterwards so in- 
terfered with the proper conduct and m.ainteaance of the drainage, 
that when the l.tte Mr. Bennie was called in, about fifty years >igo, 
some districts of the Feus were fast relapsing into their old coadt- 
tiou. Mr. Reunie's plan was a grand and simple one. He devised 
a system of mtcroeptiug catch-water drains to carry off the upland 
vatera, and straight cuts for the outfall of those of the bottom 

^J•vel. But only one part of the scheme was then adopted, viz., 

[the construction (commenced in 1817) of the Eau Brink Cut, by 
rhich the outfall of the Ouzo near Ltdu was shortened by two 

'miles, and an extra fall of not less than five ami a half feet during 
the ebb consequently obtained at St. German's. Thus the dia- 
chatve of the inland waters of the Middle and South levels was 
>r the first time effected with anything like adequacy. Nothing 
.arther was done for twenty years, wlien the diaaatrous floods of 
1841 again compelled immediate action, Mr. Walker was con- 
lulied, and a portion of his scheme carried out. This consisted 
in tlie construction of the Middle Level Drain (or Walker's Cut), 
by which the waters flowing suoceaaively through the channel of 
the Old Neno above Raiosey Mere, the Forty Foot Cut to Chat- 
teris, and the Sixteen Foot Cut towai-ds Well Creek, were carried 
direct into the Ouze. They were discharged into this stream at 
St. German's (about three miles above Lynn) by the Middle 
Level Sluice, which has so raoently been destroyed, and which 
was constrncted in 1847. 

This sluice was built in three arctie«, each of 20 feet span, with 
self-actiog tidal v.ilves of oak. The masoniy was substantial, 
and the wiug walla of ample size. The whole was ultimately 

* TlMnirlin wMi toilndy tb» iolereitiiw hiirtory of the (huA t«v<<l nm; refer to 
U>U'* 'lUxUity of the Bedford UmsL' £lrtabb'* 'HinUiricftl Aoooant Ol ik» Oreat 
LeT«l of tbe Keiu.' BodcrUdi^i ' Uutor; of King's Lyiut'; »ud SnilW' ' UfesW Um 
XnipDren.' 



supported on piling driven deep, the cill of the aluioe being 6x 
at G feet below the low-water mark at " Free Bridge," to allow ft 
tbe gradual deepening of the bed cf the Ouze. 

How far the present misfortune is attributable to the treache: 
nature of the rxjttom, how far to the lowering of the bed of th 
Ouze, or whether it may iu any decree have been accelerated b; 
the deepeninc; of the Middle Level Drain, which was effected 
1857, it would be perhaps premature to inquire. Several Icatdioi 
engineers have visited the spot, some of whom have been 
salted ; and it cannot be doubted that a matter so full of intei 
and iustniction in this important department of profeflsion: 
science will be fully and competently discussed. A gap, at fi 
sight trifling, inside the ei\steru bank of the drain, wbi ~ 
soon made gootl with clay, was followed in a few weeks 
settlement of the whole bank. Great exertions were mi 
atop the leak which ensued; but, notwithstanding oil that coold 
be done, the bucking of the aouth-eastern wing was sapptxl ; and 
at about 10 p.m. on Sunday, 4th of May, the eastern wings an<~ 
the two adjacent arches suddeuly fell over, allowing the tide ill* 
the Ouze (which had then from 10 to 15 feet head) to rush oti 
the ruins into the Middle Level Drain. Fortunately this occu 
at neap tides, or the flood might have overflowed the batiks 
the drain and laid the levels nnder water without the inhabitaDtA^ 
having any warning or time to save their property. The danger 
more immediately to be apprehended was the i^iving way of th 
banks of the drain under the great pressure of the tidal stream* 
mshing in throu$;h a gap, whicli had iucrcasetl on the Muiiday ta 
a width of 120 feet, with a depth of 20 feet, and meeting the 
inland waters. 

An attempt was mode to dam the out&ll at a point higher^ 
up the stream by means of bags of clay, some clay being eve; 
used without bags, and of couitie washed away immediately, aui 
some sunk iu lighters, of which the ffite may be readily guessed. 
This work, after going on for about a week, was abandoned, and' 
all vestiges of the dam weut to sea. 

On the morning of Monday the 1:2th of May, the rising tid 
effected a breach iu the west baink of the drain. This was promptly 
made good by piling socks of earth, with clay between. 

At the same time a second breach occurred, also in the west 
bank, and about a mile higher up. It is deeply to be regretted^ 
that thirl was neglected, and nothing attempted in the " 

stemming the tide, which flowed in a torrent down the ban 
laid the adjacent country under water. The breach in 

with each returning tide; and on Wednesday, the 14th, m^ 

upwards of 70 yards in length; and Marshland Fen, Broad 
and parts of the neighbouring fens, comprising several thoi 
acres, were already drowned by the salt water. 

The attempt to form an earth dam h.iving been for the time 
abandone<l, it was decided to pile on both sides of St. Mary's 
Bridge (about half a mile above the junction with the Ouze); 
taking advantage of the bridge na a platform for pLicing the pile 
engines, and tilliug in the space between the two rows of pUes, 
BO as to form a dam as thick as the bridge was broad. 

This very feasible plan appairs to have failed mainly through tbe 
want of a sufficient number of pile engines u> carry forward the 
work with the neceastary despatch. Mr. James Walker's remarks on 
this matter at the Court of Sewers at Lynn (reported in a well- 
informetl local paper*) were so practical, and au folly borne out bj 
the event, that we quote them. 

" Mr. J.u). Walkkb »&]t\ that having hod a little experience at that sort 
of wiirk, h«» 8AW tliat they had heen working from last Sunday week (4th 
May) until now 1 14th itf.) at one dam. 'I'hey had now abandoned thaft 
(lain anil i( hwl all gone to aea: and being down at the work yevterdsjr, 
be KO.W they hail four pile enmnea to drive these pfles. Instead of tboee 
four they wonted twenty or thirty. If pil« engines hod been set as thick 
as they could be upon tlif^t bridge, each en^e driving » pQe on hour, 
would not have mare than five piles to drive to eon^ilete thaA dam. 
That would have done aomethini;. But everybody knew that aa you 
began to cartoil the water it wont more Bhaqily; and with these four 
ougmea (and if doubled to eight or ten it would have tbe same effdci,) it 
would scour down; and before to-nunrow night that bridg« would be in 
the river nnth tbe other. Nothing on earth could stop it, but spe«d. If 
they wiahed tu stop it they had better leave those uuginea standing aliU 
(because evety pile they drove would do damage), and get twenty or 
thirty engines bdFore they struck one blow. In five boon tben tbe dam 
oould be stopped. 

Mr. Baooi aaked whether that bridge would stand the thompiog af 
twelve of those engines oi the some time. 

* ' The Ljna AdraitlMr.' 
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The space 



Mr. WALKKn •*id it would. 

Mr. jACitsov w»B afraid they could hardly wark together, 
vaa ao confined. 

Mr. Walkeb aajd be bitd gone on it, Hid mewmred it vith hit eye. 
He would put the engioea M thick oa they cotdd stand, and have the 
wtnle working together, and the bridge underneath filled with bags of 
~"b wuuld be bound it would then stand a 15 feet tide on one wile. 
gfht be some goakage, but tlmt woulJ be trifling. There waa no 
than that in wliioh it could possibly be ilone. Throwing earth 
wiiking boats was like nothing. Piling wa»i the only thing, and 
Loidge was the platform for it." 




On the following morning (Ifltb May) the piling at St, Maiy's 

ridge was carried away na predicted, and witu it the pile- 

giues. and the pl.itform of the bridge itself. Northerly winda 

■ niiaetl a high flood-tide (nlthough some lidea past tlie springs), 

tiie drifting of a barge which had broken lt>ose against the 

outer (or down-stream) row of pilea occauioued the complete 

dtftroction of the whole. 

The eflurta to form a barrier nginat the tide were, however, 
not relaxed. The Commiaaiouers of the Middle Level Drainage 
gave Mr Hawkshuw full authority for carrying out the neces3«ry 
workH. And althuagh at first some time appears to have been 
unavoidably consumed in culWcting a proper statT iind suitable 
materiaU, that gentleman reported to the Commissioners on the 
20th May that everything that human agency could do in the 
matter woa being done, The original earth-dam was being pushed 
forward na faat as posaibie, having due regard to its security; and 
to guard against the contingency of its failure a cofferdam was 
being oonstruciud below St Mary'a Bridge. It is to be hoped that 
these prep.-u'uiioua will prove etfeclual in stemming the coming 
spring tides, so aa to avert the danger of a more exteuaive inun- 
dation from the sea^ and enable the making up of the great gap 
in the west bank of the dm in to be undertaken with a readouable 
prospect of succesd. 

At the same time it ie impossible to forget that when the tide 
shall have bceu suocessfully excluded, the principal work will yet 
remain to lie nudertaken. Such an emergency aa the preHeut 
*llow3 barely time for the construction of a "dead" dam, which 
vill of course keep in the inhiud waters as effectually aa it keeps 
ntthe flood tide. There will consequently be a Stoppage of the 
{dminage of 15l),0(K» acres in the Middle Level until the recou- 
fttnictiou ufa tidal sluice for the oiUfall, or the provision of au<H- 
cient engine-power to throw out the water. At such a juncture, 
the benefit of a catch-water system would have proved incal- 
cutnble: aa the upland drainage, being intercepted, might 
have been discbargwl by a aepjtrate outlet, iuatead of awelUng 
the maas of walera behind the dam. There can be little doubt 
tluit Mr. Keiiuie'M plnu, if carried out in its integrity, would 
have atforded the best safeguard against the dangers that now 
^threaten tlie distnct. The construction of the Middle Level 
raiu effected a marked improvement in the drainage, and 
est of the pumping engines were accordingly removed. But 
le security aince entertamed has after ail proved deceptive, on 
;count rif the main drainage of the entire district depending 
single oijtlei. 



Protection of Invention/! at the International Exhibition 1862. — 

Ln act of F'.'irliameul has been recently [Hinaed for the protection 

I inventions and designs exhibited at the International Exhibition 

^d6i^ to Iw known as " The Protection of Inventions and Designs 

aendiu.'.nt Act, 186S," by which it is enacted that "the exhibi- 

of any new invention nt the said International Exhibition 

lal! not, nor sliall tlie publication, during the period of the 

I nnch exhibition, of any description of such invention, 

i he user of snch invention, under the direction of the 

il Lu.imiissitinors, prejudice the right of any person to register 

;>rn villi nil 'lily such invention, or inviUidate any letters fwitent tliat 

iintedfor aoch invention." It is further provided for 

lion of designs that " the exhibition at the International 

on of any new design capable of being registered provi- 

tmder the Designs Act, l&oO, or of any article to which 

sign is applied, shall not, nor shall the publication during 

rial of the holding of such Exhibition of any description of 

igu, prejudice the right of any (lerson to register provi- 

or otherwise such design, or invalidate any provisional 

■ Tegistration that maj m granted for auch design." 



Th« Cliapter Houee, ffestmiiuterJbbey.—'We are glad to be abia 
to state that effort is alwut to be made for the purpose of restoring 
the ancient Chapter House at Westminster. An influential meet- 
ing, convened by the Dean and Chapter, was held vrithin the 
building on the 24th ult., Lortl Ashburton presiding. Mr, G. 
G. Scott pointed out the features of the building. He said 
that he found the building had been finished in the year 
1263. At that period this was the finest specimen of octagonal 
chapter-houses. That of Lincoln was as large, but not so good ; 
that of Salisbury built twenty years later. Its size was the nma 
as those of Lincoln and Salisbury. The windows were of atained 
glass, and the roof vaulted, with a central column of Purbeck 
marble still remainiug, He had occupied several mouths in tracing 
oat the whole of tiie building, and from that investigation he 
thought it possible to restore every portion of the design with the 
most perfoctcertainty. The only window which bad been thoroughly 
destroyed was that over the doorway, which must have been of ft 
different design. The decorations with which the walls had beett 
covered were in the moat beautiful style of art. The painting* 
were not quite coeval with the building, being painted in the 
beginning of the fourteenth century — half ii century later thau 
the building itself. There was nothing in this country equal to 
those that remained, and they were nearly, if not fully, a» tine aa 
the Italian paintings of the same period. The first represented 
Our Lord, aa if after the crucifixion, surrounded by angels. The 
side oompartments were entirely composed of groups of angels, 
there being one large figure in each group, on the feathera of 
whose wings were inscribed the principal virtues. Those bapiojy 
remained perfect. The floor presented the very finest specimen 
of encaustic tiloa. The exact sections of the ribe of the vaidta 
were discoverable, so th.it the whole of the structure and the size 
of the windows were a matter of certainty, and, though in a 
mutilated form, there were all the |>aiutinga and decorations. 
The following resolutions were passed:— "Tliat this meeting 
views with regret the ruiuoua condition of a building so rich iu 
historical interest and iu architectural beauty as the Chapter- 
house at Westminster." "That this meeting is impressed with 
the desirableness of briuginfj the question of the reatoration of 
the Chapter-house under the consideration of Her Majesty's 
Government." A committee consisting of the Duke of Buecleuch, 
Lord Ashburton, Lord Stratford de Redcliffe, Bishop of Oxford, 
Lord Taunton, Lonl Stanhope, Mr. Monckton Milues, MP., 
Mr. Akroyd, Mr. Diisent, Mr. Tite, M.P., Mr. Reeve, Mr. Berw- 
ford Hope, Mr. Cochrane, M.P., Mr. Sala, and the Dean of 
Westminster, was then appointed "to wait upon the Chancellor 
of the Exchequer, and otherwise to promote the object of the 
meeting." 

Drainage and Paving of Ode$aa. — Mr. George Pumesfl, the 
contractor for the gre;tt outfall works at Plaiatow in connection 
with the Metropolitan Railway, has contracted to pave and 
drain Odessa, The cost is estimated at i'6lX),000. The contract 
was negotiated by Mr. Baylias, CE. 

Single Shaft Collieries. — A return to the House of Common« 
recently published contains copies of the replies of the inspector* 
of mines to a circular letter, addressed to them by the Home 
Secretary, on the subject of shafts. The reply of Mr. Dickinson, 
dated Irom Manchester, on the 2Sth of February last, embrace* 
information respecting the single or bratticed shafts at seventeen 
collieries and mines iu the Manchester district. Id point of 
numbers, the single-shaft collieries form a small percentage of 
the whole. There are at work in this district 348 pumping ami 
winding shafts, 6 entrances by engine planes, 66 entrances by 
levels, 19S air and ladder pits, and 46 shafts which are being 
sunk, making a total of 664 openings from the sur&ce at present 
in use. Deducting from these the 16 single or bratticed Hlmfl«, 
and the 46 sinking shafts, making 62 together, there remain 602 
entrances which are not single or bratticed. The production of 
coid in the district is at the rate of 6,.179,500 tons per annum, of 
which 6,280,500 tons are steam and house coal, and 90,000 tons 
cannel coal. Of this total quantity about 240,000 tons per aannm 
are raised from the single or bratticed shaila. Mr. Dickinsou 
stated his opinion that it must be enacted, first, that every coal 
and iron-stone working should in future be provided with proper 
means of egress for persons, by two distinct shafts or outlets, 
separated from each other by a secure division of natunU strata; 
secondly, that in case of any working previously iu operation^ 
which was not so provided with two distinct outJets, the work- 
ing might be continued, provided the means were being carried 
on with due diligence to make the second outlet; thinlly, that 
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rt0r Dm fmrp«wt «/ *f |;l/iHng <ir fm/vinf; grouo'l, or cotuieeting 
Uro f/r tutini flUiUfiH niMMii ';f «((rMM, or w/rkiuK a Mndl tn«t r/f 
<v«l '/r irxiivUrtw, « hIiikIo <«r brktUctxl «iitrftii<M rni|{ht b« unad, 
|ir«/vl<l<i>l thiit ii'il mun tliMi U-ii fKsrw/nii nhould itt allowed U» be 
mI'/w tirtiuivl Hi tii«i twiiKi tiriifi; Kiid, fourthly, tlikt kft«r the 
illiil linni:ut\imr, turn, ivitry wiii<liri|{ j;it or Hh»rt, worked }/y 
•Imhh f/r wkLrr tutwar, aliouM Ik> |/roviile<i witli a pn^fier mAt- 
tuiHun fxnwi ai Uie t</|i. 



UhANNirinil fifNT or J'ATUNTM HEALBD in may 1803. 



Wll 'rbHHUM, ft lni|if 'nroil iriiiH||lit IfMi iM'liiMioi Nnvamlwr so 
VMM llnvitnaii, M. A tUm Mliia, TirxMili liaillng inim.l ■ N'lVcmlKr 'J 
nW l^ivn, i, II. ArnwiHi |iUl<ia tiir vnaacla N<ir<iinb«r t 
HN liar, W. J. InilMinrntnanl In ihmUiii alilfH, hi. Nwvniuliar 12 
V7H IUmmIIi W. Iu|if»fiiiiiniil li|i;ii«alrui!llMi iif litiaU - Utirnmhnt 4 
MM Mi^iMa, M.lt Initiriivial iwIiIh Nl<)|i|)nr Nuirotntinr m 



fTTII liafM, I! K. IhiIiiiivmI aji|wiakua fill iminratlnit aUiain 
" liui 



■Nurmubsr 6 
UTfll lliwiMiiiii, II 4 riujHitvmf n|i|Hiiiiliia fiir i|i<iini>lTii|| alnairi -(mm.)- -NuvpfnlxT 6 
ITN WitllMMiw, A, W. Iiii|iri<rniiiiiiii hi al>-Kiii lifillan - NnvumlMrr T 
NVNI ikIliitilN, W. Ii. Mill W lin|iiii*iiiiiniiU III nujHirhnaUiiK alMiii' -DnoRinlnr '21 
tVIII Haiti |, W. llnliiiiVMiiniil III ■liiaiii iiii|iliii<a 'raiiii.J ■.Niivnmljnr 12 
W7M HlMiimalil, J. NiMiui iiiviiinina Niirniiilmr 17 
■Ttl Wllaiiti, K NI4NIIII liMuiiiiiia Niivniiilmi A 
tNHI4 Mlawall, II llyiliaillln alinuii iiiltoli |ilnaai<a -N>iVniiilM«r It 
li|l|« NiiwIiNi, W K. ILitaiy iiiiilnii (niiii ) Nuvniultnr 31 
IT*/ Hi>N»MU. T. Air nliyliina Niivniiilair 7 
HUTU NhwUiii, W. K DliUliiliig iHiWiir fniui iu|iliialvni:iHii|Hmii(U— («hii.;— Dee, 81 

«M Nlililiir, Ii J N, 11 llall»»]r •itrilniiPa -Jmiiim-ipSH, IHH 
miT rialipr. J lUllway ■liiimU NhvpiiiImh U 
MIDI Vli>kaia, I K. Ilallwni nnaliin wliii la llnii'mlHtr 24 
IWM thtolilaiNi, J liall«n« » iiiiiiiiililiitiliila NiiVi>lillM<r 12 
MI7 IUlklNii<k, (I II. IUll»«» iiinkua, Ar. iihhii.) IKh-kiiiUt i« 
Mm Niiwiiii, J N lUllway wlimila NiivwliiU'r 2N 

IM NawltiU, W. IC Hallway Akin laiki-a ii<iiiii,j JaiiiMrjr 2|l, IHO'J 

Ul KnlMtil, J A.~IViiiMiiKiil •ayiimni.) -J»iiiMr.r 91, 1MII2 

Mil Jarhiw, A. K UMiinnilltra fiir iHiiniiiiin nwiU NiivrnilNirS'J 

VIM (iHWan, II I'uaHmalli' lallwBjr iM tiilw* Niiri>iulH>r U 

Wll |la Ilnn«|, U. Ali|mialila Im ail|i|il;rln|| walnr In li.illoin -NiiTnnbor H 

UWM hialiiH, It II. Iliilthiii liioUla NormnlM'r IM 

Wil lliaatall, J I' llarliliiKiy rnr AiliUiiii riirwlii|iM NiiVrliilM>T ll! 

Win Jiihiiaim, J II 'I\<iiIIiihI wliivla hsmii < Niivi<iiila<r 2.1 

WIJII llmiuwa, J Ihiiuia Aiiil I'liUlio |)i<iviulM<r .1 

mm NfwIiHi, A V lltilallHH Aii|Niialiu iiiiiii.i liiivtiilipr IT 
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CAHVING FROM THE NEW MUSEUM, OXFORD. 

(With Eiufratnnt/*.) 

ToJS accompnoying illustrations exhibit aeveml a'lpitals and 
«>rbels selected fi-otii those wliicli support the archea of the 
cloisters iuclosing the ghuse<i central court of the New Museum 
at Oxford. A waul hml been hmg felt ia the Uuiveraity of 
Oifonl for a buildinj; to Ci>QLjiiu acieuco bcIiooIh, lahoralories, 
tbmtrea, and aceomiuodatiou for the Aahmoleitu museum, the 
Mological and mineralodical collections, the apparatus of the 
Reader in Experiineutiil Philosophy, and other object's which 
h»d been very ia;ide'iaately housed. The result of the effort 
mtuin to meet this want was the erection of the New Oxford 
Iff aaeum, under the superintendence of the late Benjamin Wood- 
ward, of the firm of Sir J. Deane and Wootlward, of Dublin, 
architects of the Dublin Museum. The opportuuity was taken 
advantage of to attempt the iutroductiou of a then novel style of 
architecture — the Lombardo-Uolhic — into this country. The 
aiUsnipt was nobly carried out and highly successful, and not 
only has the style become jKipular, but the example has been 
largely copied in one at least of our great provincial buildings. 
The carvings before us are interesting not only on account of 
their beauty, but from the fact that in them we have the native 
productiou of the highly-skilled artisau, who, working almost 
uidepeudontly of the architect, has pro4luced from his own love 
of nature, works which in some respectii will bear comjiarisoii 
with the Snest mediaeval airvings similarly derived, and in no 
way are inferior, except in the conveutioualisiog character which 
results from a severely restrained course of study bound to 
the development of architectonic sculpture, ralht>r than what we 
are accustomed to style sculpture per ae. It is imperative in all 
perfect work, as we see not alone in the Gothic, but the Grecian 
aud even the coarser Roman schools, that decoration should not 
be iuiiUitive, but, having a functional purpose as connected with 
the architecture, that it should partake of tliu character of that 
art which is abstracted from and representative of principles, 
nther than direct and positive in the reproduction of forms. A 
large number of these carvings are now completed. Tiiey are 
the work of a family of Irish descent named 0'.Shea, ami of 
Edward Whetnn, tlieir relative. if mwleru buildings are to 
be decorated on sound principles and with perfect beauty, the 
ttarveni muttt be oblaiuevl from among such able artisans aa love 
their work well enough to devote their mental energies to it, 
and who scorn copying the tempbte or the pattern of the 
decorator. 
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FRENCH ENGINEERING AND BUILDING IN TUE 
INTERNATIONAL EXHIBITION, 1862. 

To an engineer or an architect the collection in Class 10, exhi- 
bited in the French Court, will be one of the most interesting 
porti'^us of the International collection: it comprises a cerUiiu 
amount of building materials and contrivances, though in this 
department it ia perhaps inferior to what might have been 
expect'Sd, but it makes up for any deficiency in this respect by a 
superb collection of models, plans, and photographs of the most 
interesting engineering wurka in France, collected by the efforts 
of the Minister of Agriculture, Commerce, and Public Works, 
and indeed for the most part exhibited by the goverumenl. 

A descriptive catalogue has been prepared for this collection, 
and contains admirable condensed accounts of the works illus- 
trated by the objects in the Exhibition. Some of these accounts 
we m.iy lay before our readei-s on a future occasion; and indeed 
they are ail so well drawn up, and the subjects of them are all so 
worthy of notice, that in selecting one or two for mention we 
mast do ao almost at rnndoui, preferring, perhaps, some of the 
lets prominent objects, as being those which a visitor might be 
more likely to overlook. 

In a comfiartment looking on to the nave the models in question 
are arranged, the most conspicuous objects beiuij two models — 
one of large size — iif eatidioptric apparatus for liglithoust'.s, whicli 
may serve to indiciite the lucidity of the collection. Tlierc are 
ten sections in the catalogue, and appropriated as follows: — 'roads 
and bridges, hydraulic works (irrigation), river works, cauids, 
marine works (breakwaters, docks, &c.), lighthouses, railway 
works, mines, works connected with tlie city of Paris, and miscel- 
laneous articles. Under llie last heaii, miscellaneous, we may 
notice easing the centres of bridges by means of sand, which has 



the merit of extreme simplicity and certainty, and of doing the 
work at much leas expense than where large screws are employed, 
and much more steadily and evenly than when we<iges are used. 
The sand is placed in sn»;tll open wrought-irou cylinders — the 
putting together of which is, by the bye, worth looking at, on 
aci'ouutof its simplicity — of about a fnot diameter and the .tame 
hei;^ht. Eiich of these cylinders has f lur lateral oiwningft, each 
of I of an inch in diameter, I inch from its ba»!e, which aru 
secured by wooden plugs. The cylinders, being tilled about j of 
their height with sand, are pl.acfl«i on solid timber bearings, and 
cylindrical uprlglits of wimd, whicli fit loosely into them, carry 
the whole superstructure of the centre. 

Should it be anticipated that the centres thus supported will 
have to remriin up a long time, the joint between each cylinder 
and the upright timber resting on the s:»nd within it, is protected 
by a rendering of cement to keep the sand dry. 

Whenever the centres have to bo eased the stoppers are with- 
drawn, and the sand is allowed to dow out through the orilioes, 
or, if caked, is released by a hook and by tapping tlie side of the 
cylinder; the flow (the orifice bein^ kept clear) ia uniform, and 
the descent of the centres is equally uniform and gradual, and 
perfectly under control. The first bridge where this conlrivanoe 
was employed v/aa the Pont d'Austerlitz, in 18.54, by M. Bouziat 
Since that period it has been repeatedly used, and with uniform 
success. I 

Another object exhibited is the published acoount^of the general 
levelling of France, contained in a large folio volume. This consists 
of a very detailed and e,\act survey of the whole of France for 
the purpose of ascertaining the levels, and of estivbltshing per- 
manent hench-marka, which can be referred to at any time. Aa 
this system was iulenddl to lie available for public use in drain- 
age, irrigation, and other public works, very great accuracy and 
very great detail was necessary ; and the volume before us oon- 
tAius accounts of the precautions t^iken, specimens of the mode 
of entering, verifying, and comparing the observations, repre- 
sentations uf the instruments, and the bench-marks used, and a 
map of the main base lines, as well aa a table of results. 

The metallic bench-marks were fixed at distnucea of one kilo- 
metre a|iart along ail the base lines, and the differences of level 
were determined by meaaureruents executed along these lines. 
Each of the.se differences of level w.aa determined nt leant six 
times, three operations being taken in one direction and three in 
the opposite — there being two surveyors at each level, one to 
tJike the readings, and another to enter them. Should any dis- 
crepancy appear between these six operations, the line is gone 
over again by independent surveyors till the error is detected. 

It ia believed thai^ the levels thus taken, and which hare 
already bpen carried over upward.^ of .^tXK) miles, are exact within 
three veiitimiitrett (or lis inches). The precautions by which this 
extraortiiuary amount of precision has been secure<l are worth 
observing. The most importiint, in adilition to the repeated 
measurements already referreil to, were the following: — 

Any line of w^halever length in which a discrepancy of more 
than two inches appeared was measured afresh by a different 
staff of surveyors. 

Ntf surveyor was allowed to take the levels of any line which 
is connected at either extremity to another line already levelled 
by him. 

The readings as entered are transmitted daily by post to the 
central nlGce, and the levels are there calculate*! and entered. 
The results of the calculations are in no instance transmitted to 
the surveyors. 

The method of keeping and tabulating the entries and work- 
ing out the results is most complete: it is shown in detail, and 
must have contributed not a little to insure accuracy. Lsstly, 
the w^nrk being paid for by the different communes, payment i» 
only made after the portions of work in each commune have been 
80 far completed that their exact accuracy can be tested. 

It only remains to atld that the whole scheme, down to the 
construction of the instruments and bench-marks, ia arranged by 
M. Bounlelone, and superintended by M. Breton. 

To refer only to one other portfolio, we may draw attention to 
the one showing by drawings and photographs the Bois d^ 
Boulogne near Paris, the beautiful scenery of the place being 
well given in the photogniphs; while the picturesque lodges, 
gates, and other architectural works are illnstruteil partly by the 
saute means, and partly by numerous drawings of that exquisite 
finish in which the French ao much excel. 

In the same folio may be found two photographic views of « 
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paviog-stone quarry at Marcoassis, belons^ng to the city of 
Paris. The working of this quarry has been altoget)iiir re- 
modelleJ siuce it came into the hands of the muDicip&lity; and 
oue photograph rcprcseaU) the confusion and waste incident to 
working entirely by hand; while the second shows the regularity 
introduced by the etu|>loyineat of a large and very peculiar iron- 
ti-aveller, with a steam ram for splitting the rock, and every 
applijince for the removal of the d^bnt and the quarried stone. 
There is a model of the traveller exhibite^I; and while it striken 
an English eye as unnecessarily compliuited and too highly 
tiuiaheu, it also reminds us of the groat probability that in an 
English quarry of the same size no such appliance at all would 
have been introduced. When however we state that, notwith- 
standing all the extra expense inseparable from a fin^t attempt, 
the saving can t>e shown to be nearly 2<> per cent, upon the cost 
of working ou the old method, we have said enough to induce 
those interested in qxiarrics to look for themselves at the model, 
and read the description of it. 

These specimens are all, as we before observed, among the 
leaat prommeut oat of more than fifty models or objects; included 
in the descriptive catalogue. The more prominent ineln<le the 
fkmous Cherbourg breakwater; the Kehl, Bordeaux, Fribourg, 
and other viaducts; the port of Marseilles, basins, graving docks; 
geological and other maps; a section of tlte Artesian well at Pasay ; 
amapof the water supply of Paris (and a collection of articles con- 
nected witli that supply); and a survey of the whole of the vast 
labyrinth of excavations under Paris, which includes the cele- 
brated catacomba. Some of these objects will be described in a 
future notice. 

Turning now to the exhibited butldtng materirtls and con- 
trivances, the most important are unquestionably objects of 
metal work. Mondait and R<?chet exhibit photographs of the 
Fleche of Notre Dame — a work the progress and completion of 
which we have already referred to in our notices of Foreign 
Works and Publications — and send several specimens of its orna- 
mental features, including two colossal statues, one in beaten 
copper and a second in beaten lead. These are extremely good, 
and as illustraliug perhaps the must important modern work in 
metal executeil or proposed, are interesting. The same firm also 
exhibits crci^iingB, finials, and other ornaments, and the facility 
with which lead cam be wrought into the forms desirable for such 
pur()08e8 is abundantly illustrated by these objects. It is to be 
regretted that our own metal-workers do not more frequently 
resort to leadwcrk. 

Ornaro<^ntal work in zinc and other similar metals is exhibited 
abundantly; some of the specimens are very good, efc])ecially 
tliose of Michelet. Iron-castings intended for external orna- 
mentation are also shown in considerable numbers by Barbe- 
dienne, and some others. They are not however what wonid be 
considered here in uniform good toate, although some of them 
are ornamental enough. 

Of tire-proof cou.structiou little or nothing seems to be exhi- 
bited, although the French now make cunatant use of various 
forms of wrought-iron joist, with tile filling-iu, a construction 
which we should have desired to see fully illustrated here; some 
specimens may, however, be seen by the curious in the adjoining 
South Kensington Museum. A few excellent tire-bricKs are 
exhibited; but the perforated bricks, flooring and roofing tiles 
and drain tiles are far inferior to the specimens sent by the best 
Eugliah makers. 

Here are also a few specimens of stone and marble, one of the 
mwt remarkable being a species of marbJe from a quarry in the 
Jura, employed in Paris tor the balustrade of one or two new 
bridges; and possibly available for some such purposes in this 
country. Some, but not all or nearly all, of the fine marble of 
the Pyrenneea are exhibited, and a few specimens of artificial 
stones and marbles, objects which the French manufacture well, 
can be conti-asted with them. A sperimen or two of Ixiton, some 
applications of asphalte tu pi|»e.<«, sheet-lend and lead in pipes, 
stove*, caloriferes, and a large close cooking-range, are among the 
miscellaneous objects of this part of the collection. 

It may not be passing altogether out of the province of this 
notice to draw attention to the magnificent exhibition of photo- 
graphy in the gallery over the French court. As belonging to 
an art auxiliary in many ways to architecture, sculpture, and 
even engineering, the objects exhibited here would deserve 
notice, both for tneir size and their beauty; and among the port- 
folios and on the walls will be found so many buiKiiug>i, both 
ancient and modern, that the visitor will find himself well repaid 
or lu» trouble in seeking out and examining this collection. 



FOREIGN PUBLICATIONS. 

The Enej/clopedie d' Architecture for the early months of this 
ye.'iT contains an interesting and beautifully-executed serie* of 
illustrations of the Mediaeval buildings at Pisa, accompanied by 
an essay, in which the history and the peculiarities of those 
buildings is treated at some length. This series is still in hand, 
and will render the volume of the Encyclopedie for the preeeot 
year an attractive one. From the May number of this journal 
We learn that a new system of teaching drawmg — that of Madame 
Cave — is being ex[>erinientally adopted iu some of the French 
schools. The peculiarities of the system is that the student, 
whether working from the round or the flat, is made to draw 
three copies of each objecL In the first instance he is allowed 
the use of a tracing from the original, which he may from time 
to time lay over his drawing so as to see the errors he has made, 
and correct them. A very accurate copy having been by this 
time made, the student is next required to make a copy from 
memory only; and lastly, thu original is again placed before him, 
the tracing being however withheld, and be is required for the 
third time to m.ike a copy. The system seems tliorougb, and 
would deserve a trial from those engaged iu teaching drawing in 
this duutiT; though great care must De necessary to prevent ita 
becoming wearisome to the stmlents. 

Patau, Chdteaujt, ffotek, et Mai«ong de France (Sauvageot).— 
This book, now in course of publication in parts, treats of an arcbi- 
tocture for which France i» particubirly famous — the domestic 
architecture of the 1.5th, IGth, 17th and iHth centuries, the choice 
of examples being limited to the period embraced by them. To 
some in this country the work would lie of little interest or 
value ; but there are many who admire, and some who practioe, 
the styles of French Renaissance. To such pei-sons a collection of 
good examples will be welcome; and the specimens, so far as the 
work has proceede<l, seem well selected, an<l drawn and engraved 
with all the accui-acy, ileliwicy, and completeness which are ao 
characteristic of French architectural publications. This book, 
which has been now going ou for some months, is not uureaaon- 
able in price; and the illuatmtions and descriptive text belonging 
to each building will be made complete in themselves and sold 
separately. 

From Nourellea Annates de la Construction we learn that the 
Emperor of the French has sanctioned a project for the introduc- 
tion into Paris of water from the springs of the Dhiiis, This 
proposal has been much canvassed, and it is only after a long 
inquiry' that it has been adopted. The estimated expense ia 
18 millions of francs, or about £720,UOO sterling; and the time 
allowed for the completion of the works is five years. The May 
number ol this very practical journal contains a long and com- 
prehensive account of the manufacture of paper, together with 
plans of a papei^mill, and a statement of the cost of the building. 



ARCHITECTURE AT THE ROYAL ACADEMY. 
{Concluded /rom pagt 158. j 
NoTwrrasTAHDiHO the prevalent revival of Gothic features, as 
applied to modem domestic architecture, it has not gained as yet 
8ucl> a hold as to thoroughly displace a pretlilection for that oid- 
fashiuned thougli not ho ancient a phase of art, which, fonnde<l on 
claaaic ]irinciple.s, HouriMhed in the days of Elizabeth and James I. 
A large pro]iorlion of the mansions which are dotted about the 
country were either built or enlarged about this period, and it is 
consequently not to be womlercd at that a lingering prutige should 
attach to edifice.^ of this class, and that, even iu the present day, 
new ones should arise more or less faithful to such precedents, and, 
it must in the general way be Confessed, more or less successful in 
proportion to such adherence, or the contrary. There is however 
one kind of Jacobceau (Jlaasic to which wc can never reconcile our 
ideiis of correct taste, although it was much in favour a century or 
more ago, when that bkilful architect, the Earl of Burlington, led 
the public to admire fanciful rustications iu place of genuine 
ornament, and absurdly rusticated columns (as they are called) as 
a substitute for the noble simplicity of orthodox examples. 
There is such a real perversion of true principles in all this, ibat 
we are persuaded that it ciin only be a desire to produce a com- 
parative novelty that nowadays prompts the occasional resuscita- 
tion (if such anomalies. Several of the exhibited designs for 
buildings, important iu size at least, lire inoculated with this 
fancy, and will be readily i^erceived without further allosioD on 
our part; others, contented with pursuing the more legitiuate 
path, are deserving of individual mention. 
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rnae window in the west gable, the liijfnity of which is enhanced 
by the rliniinulive acale of the three lancets b<'low. There is a 
plain sqii.ti-e tower fluali with this end northwiinis, and crowned 
by a packsnddle-roof; it has moreover, on iUt outer angle, a, 
aqunre staircaae-tnrret, llie upper htilf of which is terminated 
circularly, ltd capping bein^ pyramidal, and dying aj;ainst the 
angle of the tower. Within the s;inie frame are also two small 
vi^juette views, one of which iliustratea the inferior of thia 
chnrch, with its rich arcading round the e-ost wall; and the other 
the exterior, as seen from the north-ea^t, and showing the com- 
position of the apaidal end of the building. 

A " Garden tSeiit" (8J)1), by Mr. C. J. Richardson, is in hia 
favorite Elisabetlian style, and is certainly a happy version of 
some of its eccentric auunialies. It is designed for Castle Combe, 
Wilts. A portion of the detail of the never-tiring Westminster 
Abbey, showing part of the triforiiim of the south transept, 
proves an excellent subject for the clever pen-and-ink sketching 
ot Mr. Johnson: who also shows {Mb) a view of the choir of the 
narua edifice, (ui »een from the chapel of St. Paul. (898), " Si. 
liarlholomew'a Hospital at Chatham," by Mr. R P. Pope, ia a 
Ihorminhly charjicteristic work, hand.'iome yet plain, because it at 
once idetilitios itself with its purpose, and so aiUiaties the eve. 
The new oftioes l.itely built in Bisliopsgate-street, by Mr. AVil- 
kinson of Oxford, may be quoted as among the best specimens of 
the revived }X)iuted Italian styl« iu Ijondon. The design has 
become tolerably familiar through various illustrations of it, and 
its detjiil is clearly shown in the large drawing now in the 
Ai:jvdeniy (89f<). In the " Fa9ade of Nos. 24 and -25, Graftou- 
street, Dublin" (900), Mr. Digby Wyatt displays what he terms 
a "first attempt" at a revival of some of the characteristics of 
ancient Irish architecture, not that we can ficrwive any such 
marked features; certainly none more peculiar tliuu 8<jme of the 
,fanci<*8 which have heretofore proceeded from the same hand, 
ilhe "New Library, University College, Oxford" (901), is care- 
fully detailed by Mr. J. H. Le Keux; as is another drawing of a 
totally diffei-eut cl.asa (905), being au outline view of St. Paul's 
Cathedn»l, by Mr. Tait. As a specimen of weir-considered and 
successful decoration, we may point to an organ, by Messrs. 
Prichard and Seddon, executed for the International Exhibition, 
and of which a clever drawing is contributed to these walls iu 
(910). 

The extensive restoratioDS at Lichfield Cathedral have fi-equently 
been adverte<l to in these pages, and we have given aevcntl illus- 
trations iu oonnection with the subject. The large view of the 
choir, however, by Mr. J. Draytou Wyatt, which is before «a 
(fl04), carries these alterations down to the present lime, and even 
beyond, inasmuch as the reredos and side grilles behind the stidls 
are as yet unfixed, though «e believe they are iu preparation. 
The minutitti of every part being carefully defined, drawings such 
as tlieae, besides the proofs of their autheuiicity, arc especially 
valuable. Messrs. Jialler and Perron may be congratulated on 
their BHtiAfactory version of a nither hackueyed subject — & 
"monumental tower." It apjwars that a struclnre of thia kind 
was (Mintr;ui|)lated to be erected at Penzance »s a memorial to the 
late Sir Humphrey Davy, and that iu the com(>eiiiiou a column 
de«tigned by these gentlemen had been at first chosen, but that 
•ubttequently the tower to whicli we refer was resolved on for 
adoptjoij hy the committee, and in their preference we decidedly 
couctir. B<4h designs are shown side by side in (912). Nos. (D17) 
and (91 H), which .ire the concludtug numl)er8 iu the architectural 
portion of this eshibi'Jou, are attached respectively to the south- 
west and south-east views of the New Goilolphin Schoob at 
Hammersmith, a building of no great pretensions, unless it be on 
account of its size, but of which the most baa been made here a.s 
Well as elsewhere. 

The Acidemy Exhibition will terminate in the course of the 
present uunth. 

THE ECONOMIC CONSTRUCTION OP GIRDERS* 
GiBDERs or Great Si'aks. 
It was our intention to have given iu the present paper some 
general account of the principles to be employed in investigating 
the eoonotuic merits of girdent of spans so great, that moat of 
their strength is absorbed in supporting their own weights; and 
We naturally chose the Conway Tubular tiirder Bridge as an 
sxiating example with which to compare the results tor other 

* Ooatluuni troia ftgt Itfi. 



methods of construci lou ; Kt aa that bridge has only one large 
span, the calculations were iree from the complicivlioua which 
continuity over the piers would introducf, and Mj-. Edwin Clark's 
descriptive work atibrded us that complete insight into its coo- 
alrucliun so necessary for our purjjoBe. 

But a careful examination of the stres<)e8 acting on the mate- 
rial of the Conway tubes has led us to the conclusion, that these 
stresses are far iu excess of what has on every hand been con- 
sidered judicious. In no case has it ever been thought prudent 
to pl.-ice the material of a bridge under a greater stress than one- 
third of that which would bi'eak it, but the result we have 
arrived at in the case of the Conway tube is, that wi-re it loaded 
at the rate of one ton per foot run, in iwldilinn to the bare weight 
of the tube itself, and at the same timo subjtjcteil to the elTects of 
u wind-storm equivalent to a force of 30 pounds on the super- 
ficial foot; then, taking the moat favourable view of the action 
of the parts, the stress per inch would be fully one-hulf of that 
which would cause rupture. 

Impressed with the importance of the 8uVtject,aud with a view 
also U) urging the a<lopiiou of a mertna of paitinlly lemedyiug 
this ui>sulisf;icti>ry |:n.*poriiou of the stresses, wc make the 
strength i>f the Conwriy tubes the subject of our present paper: 
DostiMining to our next the more general Ireatniebt of lb« sub- 
ject of girders of great spans. 



THE .STRESSES ON THE CONWAY BRIDGE TTBES. 

We take the standard work of Mr. Edwin Clark as our text- 
book in treating on this subject; and although the results of our 
own csdctdatiiins differ widely from his, .'ind we are conatrained 
to point out some errors int^i which he has unaccountably faJlen 
— unless it be from the difficulties in the way of revision of such 
investigations and hurry for the press — we beg to record onr high 
appreciation of his work generally, and our admiration for the 
spirit in which it for the most part is written, and for the great 
amount of valuable pnictical information, and the important 
original views and iuvestigutiona which it contains. 

We shall, in the first place, point out what we consider the 
sources of error iu Mr. Clark's two principal calculations of the 
strength of the Conway tubes. Next, we will give our own in- 
vestigations of the atre-s-sea thereon, exclusive of the effects of 
wind-pressure. Thinl, we shall point out what amount of light 
the large experimental girder is capable of throwing upon the 
subject. Fourth, wo ahall treat of the additional stresses result- 
ing from the lateral action of the wind— omitteil in all the pre- 
vious calculations ; and, fifth, conclude will) suggestions fur 
strengthening the tubes. 

1. — Mr. Clark's CALcnu^TioNB of thb Strekoto or thk 
CoKWAT Tubes. 

As both the calculations which Mr. CUrk gives (see paMS 
748 and 7o4 of his wurk) employ a constant derived from to* 
exf)eriment8 made ufx)U the large model girder of 7<> feet span, 
it will be best in the first place to iuquii-e into the uature of 
this constant. The description of the experiments is given «t 
pages 1 08-189, nnd the constant, which wo rej>reseut hy th« 
letter Q, is thus derived — 

^ 8DA '^ • 

where W is the total distributed, or twice the central break- 
ing weight in tons, S= the span, D = the depth for calculation, 
and A = the sectional area of the bottom iu inches; and by this 
formula iu another dress, Mr. Clark (187) obtains the values for 
ii iu the lollowing table, from the experinients numbered L, III., 
and IV., or those in which the failure took place by the rending 
of the bottom ; — 

Tabus I.—Exiierim^ital Girder, 75 foit tpan. 

u ,m Q ,u. , Sec, of But- VuJue of 

See, of Top, Sec, of Siiles. . . ^, 

•^ toui, or A. \i. 

Experiment I. .. 'J31 ... 9 or 9-6 ... 88 ... U>0 

„ III. ... 334 ... ««rl»« — 12-8 .. -2a-3 

IV. ... '2-i-i ... Oor»IJ lS-31 .. !«•« 



Avisnkge „ 

This Bvernge value 18 6 tons of the constant Q is at pa, 
denominated the " nltimate tensile strain of rivetted p 
and from having been looked upon iu this light it has v 
both calculations; it is, in fact, an expression for the wh 
sive action of the section referred to the same levei 
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For the moments of the parts in tension ire have then the 
following formulse: — 
For plates E, area = E, degree of tension = cT, leverage = Ap 
.*. moment — eT . EAj. 

For plates D, area=D, degree of tension :=cr— , leverage =ii; 

.*. moment = eT. D -- 
A 

For Side Plates. — For any horizontal layer of these distant * 
from the neutral axis, and dx thick, the breadth being 1 inch, 



the area = dxb, degree of tension = eT -- , leverage 

A 



x; tliero- 



fore the moment = eT6— djc. Integrating this between the 
A 

limits ,T=o and x=i, we have (noting that the t which arises 

from the summation of the thicknesses of the layers muat be 

taken in inches) moment=eTft— 12»=4eT6i — 

3A A 

For Plates V. — ^Without altering the sectional area of these 
pliites we will suppose them to become stretched out to the full 
extent of DE, the united thicknesses becoming = t. The mo- 
ment of any layer djc thick, and distant x from the neutral axis, 



is = eTt — dx ; integrating this between the limits x 
A 



: I, and 



12 1 

x=&j, we have moment=eTf- (A'-t')=eTl2<(A— i")- (AHAi+» ) 

and patting V=the sectional area, moment — eTV^A-|-t+ -r \ 

So that the sum of the moments of the ]]lates, &c. below the 
neutral axis is = 

eT{EA,+D£ +46.-,f +iv(A.+i,+ f ; ) } ... C^) 

And similarly, the moments of the parts above the neutral axis 
are= 



c{aA,+B^ +46^4 +ix(A„+;„+ ^) ) ... 



(3) 



Applying these formula? to the Conway bridge, with the values 

{pven above for the various factors, and noting that 6=t", we 
lave 

Moments of partsl = cT (21 38 X 13-802 + 230S x 104384 +4X 
under tension J 1 202J) X 104384+ 73-5 X 1 2-1 1) = cT (J76o-3 

Moments of parts ) = C(254-25Xll-482+267-375X8-l423+4x 
under compressionj 9-66yx81423+141-75X9-764) = C67«0-3 

But C = *r" eT = 0-828.3eT .-. 

Total moment of section = eT(G7G5-3+0-82S3xB790-3)=12390eT. 

Now the resulting moments of the loailiug on half of the span, 

and the reaction of ihe pier must be made equal to this; this 

moment is equal to rr WS, "W being the total distributed weight 
over the span S, and if we take S— 400 feet, this become8=50"VV; 

/. W=247'8eT, 50W=l2390eT, eT = ^j^( ^^^ # 

andC=0-8283eT ) 

We may remark upon the above calculation, that it is made 
favourable to the strength of the bridge; 1st, on account of the 
full sectional area of the angU-irons being taken instead of that 
of their cnverB, which would be the more correct course; 2ud, 
the 8])an S as above is the dear span, but the span for calculating 

* We do not put much Ktrew ujKm the ilifferenco in the valueR wc 
liave einjiloyetl for the occtional arpas of the parts from thone given by 
Mr. Clark, for the rexults when hiR valued aro used arc almost the some. 
ThuH, taking the sections hi tlie table at page 58!>, we find A, = 13o77, 
Aw = 11'777, V| = 11744, and i,, = 9944 ; and proceeding with the 
calculation aa in the text, with the following values of the parts A =250, 
B=254, X = 140, Side8=:260 or 1 inch thick, D=237, V=75, and 
E=222, we get theoe results: — 

W= 248-42 «T, /r=-j^„. and C=0-826:>3eT, 
I inly differing from tlte results in the text by about one-quarter per cent. 



the moment of the reaction of the pier, &c. should be the distance 
from the centre of pressure on one pier or abutment to the centre 
of pressure on the other, or probably here about 405 feet; 3rd, 
the weight of structure and loading is, of course, equally under- 
rate<l with S; and 4th, the material composing the sides iias been 
estimated at the same standard as the bottom, to withstand 
tension; the sides should however be considered inferior, both 
on account of being single riveted, and from the plates composing 
them being placed with the 6bre vertically, or at right angles to 
the tensive longitudinal stiess. The experiments given at frnge 
377 of Mr. Clark's work sliow the absolute strength, when the 
stress is parallel to the fibre of the plate, to be about three tons 
greater than when at right angles thereto; but when the sides 
pro{)er do not descend to the lowest part of the giixler, their 
absolute strength is not called forth, and it may be that tliey 
therefore contribute as much to the support of the structure as 
though of better material and workmanship.* When however, 
as in the large experimental girder of 75 feet clear span, the 
sides descend to the bottom, and have therefore their lowest 
layers subjected to the same extremes of tension with the bottom 
plates, their aksolute strength and ultimate extensibility become 
important points. If, with the same ultimate exteDsibilities, the 
net strength of the side plates is inferior to that of the bottom, a 
deduction should be made from the moment expressing their 
efficiency; and if the ultimate extensibility of the side plates be 
inferior to that of the bottom, rupture will begin in the sides 
before the bottom plates give out their full strength. In accord- 
auce with these views, we do not think it necessary to make any 
deduction from the moments of the Conway section; but when 
we come to treat of the experimental tube, it will appear that 
some such deduction is required in its case, the effect of which 
will be to slightly augment the ultimate values of eT, T, and C, 
deduced from the ex])eriments. 

Table II. — Stretsex i>er seetioiuU inch produced in the extreme top and 
bottom plnten of the Conicay section, from the action of the load alone 
(the atMitionul rtrett from the action of the wind not being here in- 
cluded). Calculated by formuhe (4), e being taken = 0-86. 
Total distributed load /T T C 

in Tons. in Tons. in Tons. in Toms. 

Tul)e alone = 1112 ... 4-488 ... 5-280 ... 3-717 
Tulw + -Am = 1312 .. 6-295 ... 6-229 ... 4-38ri 
Tul)e + 400 = 1512 ... 6102 ... 7179 ... 5-054 
Tub'j + 6<M) = 1712 ... 6909 ... 8-123 ... 5 720 
Tube + 800 = 1912 ... 7-716 ... 9-078 ... 6-391 

We will suppose that the 1112 tons in the above table repre- 
sent the totiil dead weight of the Conway tube (although it 
appears to be that of the bare girder alone, without allowances 
for permanent way, planking, roof, &c). Then the added weights 
will represent the movable loading: 200 tons may be taken as an 
actual daily teat, 400 tf)ns is the onlinary estimate of the heaviest 
possible load, 600 tuns the same when the factor of safely for the 
movable load is taken equal to l| times that for the dead weight; 
800 tons represents the same loading when the factor of safety 
for a movable load is taken double that for the fixed load — as at 
page 584 of Professor Baukiue's Civil Engineering. 

3. — Calculation of the Stresses ox the Large Experixkmtal 
Girder,* in Experiments numbered I., III., and IF., in which 
the Girder Jailed by the rending of the bottom. 

We have noted that Mr. Clark derives from the results of 
these experiments a measure of strength which we have 

* Tliis fluppoMS tiie elasticity to be the same as for the bottom plates. 
If we once open up the question of using iron of different elasticities, 
numerous interesting, but complicated, problems present themselves. 
Good results would, for instance, be obtained by choosing and placing 
the plates so that those with the greatest powers of ultimate extension 
would l>e situated further from the neutral axis, and those with least 
ebkKticity nearest to it. 

+ It is too much the custom to represent a load at the centre of a 
girder as e<)uivalent to twice that load spread uniformly over the span. It 
is so only as regards the longitudinal stresseB at the mid-span, in so far as 
these arc not affected by the stresses induced in the web. But in all other 
directions the effects of these loadings differ very materially : and there- 
fore the one cannot be correctly substituted aa a test in place of the other. 
But let us confine ourselves to the question as regards the model tube (we 
may leave out of consideration the weight of the tube itself). When a 
test-load is placed on the midspan, the whole length of the web is ne»rly 
e<|ually subjected to certain oblique compressions and tensions occupied 
in traiiaf erring from the midspan to each pier half of the central load. 
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denoted by the letter Q, and which Approximately give« the 
Voted ieuiiivo rooroeut iu tercua of the sectioual urea of the 
botluni, and ita depth below the neutral n\\s; and ia therefore 
oaly applicable to girders having sides, tup, aud bottom all 
exActly ID the same proportion one to nuother; bo thut the lost 
experiment, or No. IV., is the only one having the apfjear&nce 
of beitjg at all uskjful iu thia form. We therefore propose 
(VilcaUliag the actual atress per inch on the extreme fibres io 
e.v:h I'f tL« experimeulB, ao lis to render them all to aome e.\teut 
v.-iluable. 

When we come to the actual CJtlcnlalion, we are unfortnnfitely 
met by i^onie di.'-ui'euivncies ns ti* the dimensions of the p.irl«i. 
Tlius, on pjige KiO, the information given in the upper h:df does 
uot tally with the njeasuremenla used in the estimates at the 
lower liall'; and the angle-irons, which ftre stated in pnges l.'ib-'J 
to bivve sectional areas of l~o aud '32.'i, are in the estituato made 
equal to the sum of the sides multiplied by tiiese valuus, as mean 
th« thicknesses; this again cannot be accepted without doubt, 
ftince Fig. 2, on page 15D, shows an avemge thickness of the 
•troDger angle-iron equal to Oi iustead 0*325. It ia therefore 

l>TA0it4M 3, vbawiD^ i>Ule<4ad 
•ttglc-iruai la half ofcba mid auan aectiau of th« 

KxpcrlineaUl Utrd«r, TS (eetipao. DuaRAV I. 
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with very little confidence in the correctness of the following 
dimeu8ioi\a that we proceed to calculate the stres-ses. A», how- 
ever, the total sectional area of the girder appears to be not very 
far wrong, being checked by the tent nf weighing, we will oorreot 
the side areas ai the expense of tlte u>p,* 

Let the various plates, with their attached angle-irfjUs, be aup- 
|>os«l to become concenti-ated in their central lines on the same 
principles as described for tHjigram 2, of the Conway tube; this 
is shown by diagram 4. 

The dimensions are AD=4o:jn, XD=4-275; BD or A, + i 
= 4015 ; AE or A,, — i=:(i".')i.i. The sectinual areas are a«»mned 
to be, A pIates=S-7; B pl:ites=87; X plate8=60: sides, 401o 
X2XOl=!)C:i<5; D plAtes=8'8 in Exiieriment I„ =liii in 
Kxperimeut III,, and= 18-31 iu Ex|>erinienl IV. From these 
we are enabled to calculate the p<\sitious of the neutral axis, and 
kence the following values of A and i. 

In Experiment r. A,-=2R54 ... A,, =1677 ... i = 1161 

in. ... Aj-atSor) ... A,, = l-926 . . 1 = 1-410 

,, IV. ... A,=:i-325 ... A, ,=2205 ... .■ = 1690 

Tbe formula for the moments of the •compressions will be the 
same as obtained for the Conway, viz., 

=C ( .A*„+B t + «, •! + Xj(*„+.+ il_ ) } 

AUil for the parta under tension the momenta are sitnply = ?T 
(IJA,-|-4 &A,*). Substituting in these formulte the values given 

■ By » corrr>ct test-loMllng, or one of double tbe former amount, vpreatl 
, uniforaily over the girder, tho streaMis in the web are very different, the 
part at the iiud-*p«n is nearly free from stress ; but tbe parts near the 
supports are streitHcd to double tbe degree causicd by tbe former lo.t<l. 
Tlie exjierinu'ntB cannot, therefore, be acceptefl as a proper tent of tin.- 
•trengtii nf the web, they overstrain it at the luid-spau, but only apply 
half the prvifw^r stresnes to it^ cxtrcniities. 

In the >>.'itimat«.' of the top. nt pa^^e 1 '10, the attached Ctrth uf angle- 
i» umittj.-d, and ctrirlufrf arv included which do not appvur in the 
, dniwiii^'a. (S«HJ I>r. Fftirbaim'H ' Narrative.') Further, the thick- 
of tiif plutes A and B, which are given in the ufiper part of the 
page Ma '17'J aud '151, apficiLr reaptictively as 0'151 and U'lfi'd iu the 
estimate. A« to the sidi! pUtoa, their depth is i feet, not 3' 9" ae iu 
the Mtiniatr. Their sectioual area is correctly given as —^G at page lli3, 



above for the factors, we get in Experiment I. the total moment 
of the section ^^eT4!>'l):i3; iu Experiment III. the moment of the 
section =*T6.j'i07 ; and iu Experiment IV. the moment of the 
BectioQ=^TH7'278. In the three experiments the e<iuivalent dis- 
tributed loadings, lli.it is, the weighta of the girder added to 
double the central breaking weights, are respectively =76' 175 
tons, 118()o3 tun.s, and 137948 tons. And the momeuls of thes* 
loadings at the mid-span are resp€ctively=7l41, 1106 74, and 
lsJ93'i6. E(|uating these moments with tliose obtnineil for the 
scctioDS, we arrive at the values of the stresses, which are as in 
Table III. 

Tabu: III. — Slreuet o» the Kr/terimmlal Girder. 

<T T when? =85 f 

Experiment I. ... ]46«7 .. 1713N ... 8 55» 

„ III. ... 16 099 20000 ... 12-562 

,, IV. . . 14-818 ... 17433 ... 14068 



4 



Average 15461 ... 18 190 

IS'2 tons ia then the absolute tensive atrongth of the plates 
calculated on tlie sup{>ositioDS embodied iu the above principles. 
Why this ia less than the ultimate strength obtained by direct 
experiment (see page 376, where this is given an varying from 
18 to 22 tons, with an average of about 1V» 6) may not be beyond 
explanation. The value assigned to e may be too high; if we 
t.-ike it=0'8, that ia, suppose one-fifth of the whole section to be 
destr.iyod by the rivet-hole.^ T cnnps out=10'32G. But there is 
a cause at work which we will endeavour to explain. The sides 
or webs of all such girders ami tubes must necessarily have an 
inferior ultimate tensive strength against a stress iu the direction 
of the length of tho girder, on account of the inferior character 
of tho rivetted joints aud the iJirecliou of the fibres of the plates ; 
we may, hoAvever, assume them to be equally ttiff with the 
bottom. The consequence will be that the aides and top will only 
work harmoniously together up to the point at which the stress 
in either of them attains the ultimate valae; so that iu cases like 
this experimental girder, wherein the side jdates descend to nearly 
a.s low a level as the bottom plates, rupture will begin at the 
lower edges of the side-plates cou.sidernbly before the plates of 
the bottom have given out their full strength. And if we suppose 
the lower eilges of the side-plates to be exactly nt the ssuno level 
as the bottom of the girder, their faiUux' will begin when the 
bottoui-plates arH stretched to an extent correspontling with the 
ultimate stretch and strength of the side-plates; and — unless the 
bottom-plates be of such large sectional area, that the 3 or 4 tons 
per inch more of strength that they may put forth after fiiilure in 
the sides has begun, will more than make up for the loss of the 
strength pi-eviously given out by the side-plates— complete rupture 
will ensue. If, as we have supposed, the elasticities be exactly 
the same for bottom and side-plates, let A be the extreme distance 
of the bottom from the neutral axis, and m equal to the distance 
from that axis of the point to which the sides become split up 
when tbe bottom attains its greiilesl elongation ; then, if «T aud 
«,T, be the respective ultimate resistances to tensdon of the 
bottom and sides, we have when the bottom ia fully stretched 

e T 
«i=-i-i A, BO that when the full value of «T is countefl upon, 
et 

the tensive moments will be=0T (section of bottom xA-f- thick- 

neaa of sides x4t-), mand A being measured in feet, and tbe 
A 

areas iu inches. Tn addition to tbe above causes of weakness we 

have the slight warpings ."^ud irregul.iritiea unavoidably produced 

ia rivetting np such thiu [dates, which must tell agiiinst the 

general tensive strength. 

It will now be obvious that no very direct use can be made of 
the exfveriraenls iu helping us to the value to be assigned to T 
for the Conway, but as some of the prejudieial causes noted above 
will also be present in some degree iu the case (jf the Conway 
tube, We may be allowed to assign a value to T slightly less than 
that obtained from the direct experimenta upon the plates used 
in its construction. Let T, then, be taken = IU tons, instead of 
18'i as deriveil from tlie experimental tube, or of 19Gfrom the 
direct exjwriments on tho uninjured plates. 

So that, when the Conway ia loaded at the rate of one ton per 
f >ot run, and tiie same factor of safety is employed for movable 
as for fixed lo;viling, that common factor will be = 19 -H 7'IS 
(Table II.) =. iHb oidy; and if the factor for movable load be 
taken eiiual to 1^ times that for fixed, we have the respective 
factors eqnal to 3 oOfj aud 2337. 

These factors are very unsatisfactory. But the correct faotora, 
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which mnat be obtained after aHowing for the effects of the wind, 
are still more so. We now proceed to calculate the additional 
stresses produced thereby. 

4. — ^Thk Strisses produced in the Top and Bottom of the 
Tube, by the lateral pressure of the Wind. 
By the lateral pressure of the wind one side of the tube is 
thrown into a state of tension (compared with its normal con- 
dition), and the other into a state of compression. It does not 
appear to have occurred to those investigating the question that 
the edges of the top and bottom of the tube participate, to the 
full extent at least, in these stresses; and that the wind-induced 
stresses must therefore be added to the previously existing stresses 
produced by the action of gravibition. And the greatness of this 
addition can, we think, never have been calculated. Mr. Clark 
does not give any such calculation for the Conway tube, misleil 
probably as to ito imi)ortance by a serious error that occurs in 
that for the Britannia tube, at page 787. The investigation there 
given is correct enough in principle, the eiTor occurs in the final 

arithmetical operation ; he gives the formulae -tr =0*621, wherein 

II » expresses the total pressure of the wind on one side of the 
tube =120 tons, when the force is taken at only 20 lbs. per 
supeificial foot ; /== the stress per square foot induced on the 

material of the sides; we consequently bave/=— --==— - 

=19.3'4 tons per foot=r34 tons per inch. Mr. Clark makes this 
= 74*5 tons per foot, or about half a ton per inch. Now when 
we consider that ttie sides are not very well suited to withstand 
either tension or compression in the direction of the span, it is 
apparent that the edges of the top and bottom will receive more 
than their just shares of the total stress, that is, there will bo 
more than one-and-a-third ton per inch to be added to the pre- 
viously existing tension on- the leeward-edge of the bottom, and 
to the compression on the windward-side of the top. The fact of 
the windward-edge of the bottom being relieve<l of t«nsion to the 
same extent does not affect the question as regsirds the leeward- 
edge, the stress from gravitation being brought upon it by that 
sicte of the tnlw to which it is attached, quite independently of 
the other. Furthermore, 20 lbs. must be looked upon as an 
under-estimate of the force of the wind, allowance should be made 
for the effects of suddenness of application, or even for the 
possibility of the gusts being isochronous with the lateral oscilla- 
tions of the tiilie. At page 470, indeed, we find the pressure 
estimated at 46 lbs. per superficial foot, and in Dr. Fairbairn's 
'Narrative,' at page 120, .'iO lbs. is the estimate : of course the 
stress to be added will be in proportion to the pressure per foot, 
at 50 lbs. the stress would be--=3'3.5 tons in the Britannia tul>e, 
according to Mr. Clark's own formulse quoted above, which how- 
ever does not take into consideration the modifying effects of 
continuity past the piers. 

Let us now investigate the stresses occasioned in the Conway 
from the lateral action of the wind. Let F = the force of the 
wind in lbs. im each superficial foot. The tube being three feet 
deeper at the centre than at the ends, the pressure is more serious 
than if uniformly spread over the len(;th; to have the equivalent 
uniform load wo must .somewhat increase the area. The actual 
area, omitting the roof, is = 400 feet X 24 5; let us take it equal 
to 10,000 feet, we have then for the moment of the wind-pressure, 

J0^^^2L^O0^50,tX)0F lbs. = 223-21 F tons... (0) 

To resist this, we have, 

«T X 14'667(areaofoneside-t-J-areasoftopand bottom). ..(6) 

And taking the areas from page 589, and equating the moments, 
we have, 

223-2F= «T(128-5+196-8) 14667, whence eT=F-r 2134 ...(7) 

But from the inferior quality of the ri vetting of the sides, a low 
value must be taken for e, say = 075, so that 

T=F-f-16 (8) 

When F= 20 lb. per foot, T= 1 25 tons per sectional inch. 
„ F=80 1b. „ T= 1-875 „ 
„ F=401b. „ T=2-50 „ 
„ F=50lb. „ T=3125 „ 
By adding these results to those given in Table II. we arrive at 
a near approach to the actual stress, to which the leeward-edge 



of the bottom of the tube is subjected nnder the given dream- 
stances of wind and load. Thus, with a loading of one ton per 
foot run, and the effect of the wind taken as equivalent to 30 lbs. 
per foot, we have the tensive stress on the solid inch of iron 
= 7178-|-I-876=9-053 tons, or half of what we have been led to 
consider thd ultimate strength of the plates.* And this result, it 
must be borne in mind, is obtained with an over-estimate of the 
efficiency of the angle-irons, and an under-estimate of the span 
and loading. It does, then, appear that the stresses greatly exceed 
what has been considered the limit of safety — viz., from 5 to 6 
tons of tension, and considerably less of compression : it is there- 
fore with some earnestness that we would press upon the con- 
sideration of those entrusted with the care of the structure the 
propriety of employing the means which the connecting of the 
pair of tubes together offers of alleviating in some degree this 
serious excess of stress. 

5. — Connecting the Tubes together as a means of Dimi- 
nishing the Stresses from the Wind. 

The connection of the tubes together may be carried out in two 
different ways. The least perfect of these is by the simple intro- 
duction of struts between theiu to retain them strictly parallel, 
so that the leeward tube will assume the same amount of lateral 
curvature as the other, and so take on itself half the duty of 
resisting the wind. This arrangement would reduce the foregoing 
tension from 9*053 to 8*116 tons, supposing that the wind takes 
no hold on the second tube. 

But the more perfect way of connecting the tubes is by intro- 
ducing between them efficient systems of horizontal bracing, 
thus ren(:ering the whole structure as it were one girder nearly 
38 feet deep, to resist the lateral pressure : by this means the 
stress {)er inch produced by the wind, calculated approximately, 
will be less than one-fifth of that on the windwani tube when 
unconnected; or the total stress above given as 9*053 in the uncon- 
nected tube is reduced to about 7*511 tons — a reduction so evi- 
dently necessary and important as not to need any further insisting 
upon on our part. 

Edinburgh. B. H. B. 

NEW GAS ENGINE. 

It is stated that M. Lenoir and MM. Mays Brothers have 
succeeded in constructing engines from A-horse to 3 or 4-horse 
power actuated by means of the expansion of ordinary coal gas, 
inflamed by electricity so as to act by its dilatation on each side 
of the piston alternately, without any steam. As this is not au 
experiment, but actually in practice with economy, the idea is 
neither " speculative" nor chimerical; so it deserves notice. A 
M. Revillou says, "I had four men to turn grindstones; they cost 
me 12 francs per day; I placed in their stead one of these auxiliary 
engines of 1-horse power, which does all the work of the four 
men willingly and noiselessly for 6 or 7 francs a day." 

Another, M. Bourgerie, states the working of a larger engine 
than the latter. " I wanted," he says, "a motive power, and I was 
not authorised to put up a steam engine; I have placed in my&ctoty 
an engine (of the above nature) of 3-horse power, which has relievea 
mc from the embarraa in which I was place<l. A machine like 
this can render the same service, in a thousand similar circum- 
stances, to the industry of our populous quarters." 

The following is a descriptit..n of the engine; it consists of a hori- 
zontal cylinder on a bed o'f cast-iron, as in ordinary steam engines, 
the connecting rod driving a crank upon the shafting, witii fly- 
wheel and the usual gearing for distributing the motive power. 
By the usual eccentric and slide valve the gas is admitted above 
and below the piston. Two of Bunsen's batteries are put into 
communication with Ruhmkorff's induction coil, whence the elec- 
tric current is conducted by two isolated wires to a distributor of 
electricity placed in front of the cylinder, so that the movement of 
the pi.stou regulates the conimunic-itiou of the wires to the 
" iuflamers" {iujJammateurs) placed inside each disk of the cylinder, 
80 that an alternate illumination takes place above and below the 
piston, and produces the required horizontal movements. The 
conserved gases are driven off by a waste pipe from the valve 
box. The whole is kept cool by a stream of water, the cylinder in 
a jacket. To set it in motion all that is necessary is to turn on 
the gas and give a help to the flywheel. As M. Leon Foucaalt 
says, it can be set in motion or stopped " at>ec la. mhne faeHiti 
qu'on allume ou qiion souffle une bougie." 

* On the wuidward lade of the top the addUUm woold tell (till mora onAiTOBnUjr. 
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^tisfied to build their basilicas externally in conformity with it 
The basilica at Poestum, for example, haa its substructure 
perfeclly similar to the temples adjacent to it. The U-^mha in 
Lycia, with which of late years we have become familiar, are 
remarkable for the character of stability and permaaence giveti 
to them by their bases. 

Generally, we may with truth say that the remnants of Greek 
art which survive for our iustruction are amply sufficient to 
prove that the redned eye of Greek artists failed not to recognise 
the esthetic importance of a competent substructure. 

In Roman buildings the general use of a podium is an evident 
recognitiou of the same feeling- Vitruvius treats the piKlium as 
au important, if not essential, feature in the composition of an 
order; and he gives us the proportions that were held in his day 
to be proper for this member. 

The interruption of the podium of a colonnade, and the forming 
a break in it under each column, naturally led to the suggestion 
of the pedestal, which eventually became an integral part of every 
order. This pedestal may be regarded as a strictly Roman fea- 
ture; nor am I aware of a single purely Gri-ek example, the 
nearest approach to it being at the singular temple at Segesta, 
where breaking of the upper plinth or step on which the columns 
stood, forms under each column a cubical block of masonry 
resembling a plinth; but even this there is retison to believe, is 
rather due to the unfinished state of the building than to deaign. 

When once adopted in the architecture of Rome, the pedestal 
became well-nif;h universal, and continued as long as Classic 
architecture retained auy of its ancient purity. In the grand 
style of Roman art, that art which it has hfcu tuo much the 
fashion, both of the ultra Greek on the one hand, and of the ultra 
Goth on the other, to contemn; but which was an art, in its beat 
days, most impressively marked by the creatneea of manner 
which well became the masters of the civilised world; — iu that 
art nothing is more striking than tlie skill shown in the advan- 
tageous placing of their buildings. The eye of the artist is every- 
where apfmrent when we examine the topography of ancient 
Rome; whilst the Villa of Ma-cenas, tho Temple at Tivoli, and 
many other familiar examples might be adduced as evidences 
of the judgment and taste which guided the Remans iu deter- 
mining the sites of their more important buildings. 

The practice of MediiEval art fully conctureil with that of the 
.tucients in attiiching importance to the mode of placing their 
buildings, and in the due appreciation of the advantage of a bidd 
nud massive substructure. It would, indeed, be difficult to find 
an example, during the best period of Mediteval art, where the 
liaaement haa not been plainly made the object of especial study 
and design ; although it is certainly obvious, from the great 
diversity of their practice, that our ancestors had no very fixed 
rule for their guidance i:i proportioning their po<lium to the 
superstructure. They evidently felt however, very strongly, the 

S>w\ effect produced by marking lorcibly the base lines; inde<<d 
ose lines are, perhaps, the only very strongly marked hori- 
zontal lines in a bniidiag of the best age: the stringcourses were 
held of little account, and the cornices were often very mode- 
rately pronouUL-ed and constantly interrupted iu various ways, 
hot the base lines very rarely. Deeply shadowed and promi- 
Mutly marked, thoy never fail to arrest attention. 

When we carry down our survey to that period in the history 
of our art which immediately succeeded the prevalence of medi- 
eval forms, we shall still find a full recognition of the importance of 
the base iu every ai-chitectural composition. In thcVeuetiau build- 
iogsof the quatro-cento period notable instances luightbe adduced; 
and there is no better evidence of the refined taste of the very 
early master Alberti, than the noble basements which he gave 
to his works. The new front he ^ave to the Cljurch of St. Fran- 
cesco, at Rimini, appears to rae to exhibit a very tine feeling in 
this respect. In the works of Eramante, of ItaJffaellle, of Giulio 
Romano, and of PjiJla<lio, you will find the dignified pose of their 
buildings well worthy of most careful study — a .study which it is 
very certain those distinguished artists never failed to bestow on 
the subject themselves. 

Descending ta our view from the period of the early Renais- 
sance down to the leiss refined, though perhaps rttill more 
]>ictnresque, m.inner that succeeded, we still find the be.st artists 
never neglecting that iniporbiut part of their compositions, the 
base. Indeed, they amplified the idea; and we find terraces 
worked up with extreme ingenuity, so as to combine with and 
enhance the effect of their architecture; spreading out as it were 
the base of a building so oa to connect it with the ground it 




standfl on; rendering it sometimes scarcely obvious where the 
domain of the architect ends and where that of the gardener 
begins. 

But I hope that enough now has been said to satisfy you of 
the attention that is due to the preliminary subject of baisement«: 
and I feel confident you will concur with me in what 1 said at 
the outset; that in order to atford unmixed pleasure to the 
critical eye in viewing a building, the mind mttat feel satisfied 
of its stability; and that there are no meaus so proper for that 
purpose as providing a good and sufficient visible foundation. 

The subject now leads us naturally upwards to the superstmc- 
tuiv; and, without entering at present into any question of style, I 
think that our first business is to consider architectural character 
in its broadest sense. When we propose to ourselves to design a 
building, the very first question that should present itself ought to 
be, what charact«r will it be roost fitting to impart to our workf 
For we maybe well assured of this, — that however exactly our 
building may be iu accordance with the ordinances of architecture ; 
whatever may be its merits as a coroposiliou; however uucxcep- 
tiouable may be its details; if the general character of the build- 
ing be not in harmony with its purpose, a fundamental defect 
exists, for which no amount of art will coni|}eusute. Whereas, if 
the character of the building be in accordance with its nuri^ose and 
destination, a favourable impressiuu is produced which reconciles 
ua to many blemishes of detail. 

I would cite, for example, the principal front of the Imperial 
Palace at Vienna, — a building which htw all the worst vices of 
the most corrupt German school; yet possesses in its well sup- 
ported character the great redeeming merit of appearing really 
like what it is, — a great imperial residence. 

I would cite, also, the garden front of Versailles, — a subject 
familiar probably to most of you: as au architectural conipoHi- 
tion it is, I think, sadly deficient in character, with little clniiu 
to the attribute of gran<leur beyond its enormous length, and bub 
feebly suggesting the idea of a great monarch's residence. 

To seek for an illustration nearer home, I might point to 
Whitehall Chapel, a building the architecture of whicn seeniw 
rem:trkablj expressive of the festive purposes for which it was 
originally designed: and this illustration is the more instructive 
when we have reganl to the manifest unBtneas of the building iu 
all its features, internal and exterual, to its present purpose. 
There never was a moi-e grievous tuiaapplication of a fine piece of 
architectural composition. 

I feel the extreme difficulty of defining this quality of character 
with that precision at which one who assumes the office of a 
teacher ought ever to aim: but it appears to me to be a couaide- 
ratiou involving au much more of feeling and judgment thaD of 
abstract reason, or of what logicans term dialectics, that I fear it 
would be a hopeless attempt to lay down definite rules for insu- 
ring propriety of architectural character. We have neither 
numbers nor figures nor words by which the relative merits or 
the essential attributes of art can be gauged or compared with 
mathemaiicul exactness. We want, and shall never find, a 
golden mete-wand, which Bh.'*ll serve to reduce genius to a 
matter of calculation, or to supply an unfailing criterion of good 
ttisie. 

We may however safely s,iy genendly of a bnilding, that its 
character is well conceived, if the intelligent observer be at once 
impressed by the cougruity of its aspect willi its destination. I 
do not mean that an hospital should look lugubrious ; or that 
statues of maniacs sliould decorate the portals of a lunatic asylum, 
as was the case at old Bedlam: that would be a gross mlsappli- 
ciitiou of the principle; 3'et, iu suclk structures as these there is a 
pluiu propriety which forbids the architect to admit an air of 
levity into his work, nr to indulge in fanciful decoration. 

To give to a court of justice tlie riant air of a place of public 
amusement; or to give to a private gentleman's residence the 
aspect of an ecclesiastical structure, or of a crenellated fortress 
in the days of catapults and cross-bows, would be to conmiit a 
solecism which no abstract ingenuity of design, nor antiquarian 
correctness, could possibly justify. 

Quite irrespective of style, much of the character of a building 
depends on its general treatment. I nppreliend that a fiainter 
Mho takw in hand some great histuvical picture would adnpt a 
ni'Kle of treatment widely different from that which would guide 
him in painting some humble piece of genre painting, or of still 
life. So also the architect should certainly adopt his mode of 
treating hia subject to the nature of the building. To design a 
small village church like a miniature cathedral would be a vulgar 
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P universal prevalence of nnsymmetrical arraugemeut in the work« 

I of uature, whuClier ia animate or in.iaiinate creation. 

I 3ril. There is the beauty of the jjictnresque; — a pleasing 

I impression (differing very widely from the last, and sometimes 

^^^^Hslmoat opposed to it, and equally difficult to account for), which 
^^^^HpBB nia<le on the mind by irregular but not confused or discordant 
^^'^'conibinationa of form. 

I do not pretend that under these three heads all kinds of 
formative beauty can be classed; but they may be quite sufficient 
to eni^itge our attention on the present occasion. 

It is not only good taste, but common sense, that teaches us 
that a form should be fitted to its purpose; and as I have said, 
the fulfilment of this first great condition ia in itself an element 
of beauty. But I am afraid that the mere dry unimpasaioned 
beauty reauiting from the quality of fitness, however it may 
satisfy the engineer, will hardly suffice to meet the aspirations uf 
the architect. 

As aen.Mble men, we cannot admit the beauty of any object 
that ia irnxtional, or idle, or inapplicable to its purpose; yet, as 
artists, or intelligent obaervers of art, we ilesire this, and some- 
thing more. I think that this kind of beauty, and the distinction 
which T am cndeavouriug to draw, may be illustrated by a very 
simple comparison between two familiar forms, that of the early 
Classic, and that of the early Mediaeval arch. Both are so far 
beautiful, inasmuch as both are perfectly adapted to their purpose : 
both convey in thesimpkist and most effective manner the ver- 
tical pressure of the superimposed weight down on to the circular 
■haft, whose olhce it is to bear that pressure. 

Both are alike honest and simple; but an absence of refine- 
ment, not to say a rudeness, characterises the Norman capital; 
while the more ancient type, although honest and simple euough, 
gives evidence of a more refined feeling, a more skilful working 
out of an idea, .-i quality which diatinguishes the Gr<?t'k artists 
from all olheiH. The parabolic curve of the echinus shows a 
nicety of execution wliich the niathemaliciau only cjiu fully 
appreciate, or even comprehend, but the higher merit of which 
all cjin feel. 

It is said by Cicero, " Yeuuataa et pukhritado corporis 
secerni non potest ik valetndine." We in like manoar might say 
that it is difficult to tlistinguish clearly between the beauty of 
an architectural form and its strength or ability to fulfil it task, 
is quality of suitability of form will ever be held in popular 
Mteem; for it can be uudfrstood and perceived by all; whilst it 
is the privilege of the few only to estimate aesthetic beauty at its 
true value. In this counti-y e8p<?cially, where the general mind 
loves In hover in the lower atmosphere of practical scleufe,aud soars 
reliictjjully into the higher regions of sesthesis, this utilitarian 
qualilv has peculiar attractions. There are thousands uf other- 
wise highly-educated minds which distinguish no superiority in 
Greek va'<e over an ifrdinary garden-pot. Both, they will sivy, 
alike adapted to their puqwse: both fiiJtil their destinies with 
eiinal efficiency; therefore both are alike worthy of our appn-vid. 
I havi; known a critic of this school condemn to utter ridicule a 
colonnad<^ of tinely-propnrtioned stone columns, aa being a clumsy 
o^ntrivanoe, inasmuch as they are, perhaps, 4 or !> feet in diaiiie- 
ti»r; whereas plain iron posta, a few inches only in diameter, 
would have answere<l every purpose. To answer such criticism 
is but labour lost; and the Borrowing artist has bat to sigh and 
pass on. 

" Miforeoordbi e jaitixia gli mlegiia, 
i(ua ragiuniim 'tli iur, ma j^aiilik e posM." 

I now jiroceed to the second source of beauty, Symmetry. 

Our great master Vitruviua thus in-structs us: " Symmetry," he 
says, " results from proportion. Propurlion is the cotnraensnratiou 
of the various coualitueut facts with the whnle, in the existence 
of which symmetry is found to consist; for no building," he says, 
" can |.M>.<wi?8s the attribute of comixtsiliou in which symmelrj' 
and proportion are disregarded." 

It may be difficult iu few wonls to express all that is intended 
to bo comprised in that word symmetry; but there can be no 
doubt that the great balance and correspondence of compjonent 
parts, and the regularity of their general arrangement, which 
constitute the essence of symmetry, is n never-failing source of 
pleasure to the critical eye; and here we [terceive (what I have 
already adverted to) an insiJince of the analogy which our works 
l^ar to those of nature; who, in her greatest work — man, the 
human frame — has set before ua an eminent example of perfect 
symmetry. 

Thia quality has ever been emiaeatly architectural. We 
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recognise the attribute of symmetry in the avenue of Sphinxes 
at Aicmphis; in the facade of a Greek temple; in the long- 
drawn aisles of a Gothic cathedral; in the stately colonnades 
which Burronnd the cortile of St. Peter's. We tind it in its 
highest condition in the works of the best Italian mastera: pre- 
eminently, perhaps, in the works of Palladio. A want of sym- 
metry in parts, where its want is patent, is a fundamental defect 
which no ait can hide, and for which no beauty of individual 
parts cut) compens.-ite. 

The want of due proportion between the dome of St. Petet's 
and the body of the building has been often remarked by critics, 
and nut without ground, as an instance of this delect; and I niighc 
cite an example of a like delect, although under very different cii- 
cumstauces, at Munich. There the euoi-mous statue of Bavaria 
crushes into Litiputian insigniBcnnoe the otherwise pleaauig 
colonnade which acaom|>anie8 it. In this case, had it been the 
artist's purpose by this interchange to enhance the size of his 
statue (whose bulk may be comprehended from the fact that 
tweuiy f>ersons can find sitting room in the head) he might haTe 
been welcome to swicritice a whole hecatomb of life-ai^e statues 
around the feet of his colossal imiige, but it w.is treason to arahi- 
tecture thus tf" reduce a fine Doric portico to the proportions of a 
plaything, ami tos^tcrifice the dignity of our art in order to luuguify 
the vastuess of his figure. 

I proceed now to the third source of architectural beantr; 
viz., tliat resulting from the Picturesque. 

If there is difbculty in defining symmetry in few words, a 
succinct definition, or rather description, of the Wurd ]>ictureaqae 
is far more difficult. As I have said bst week, there is no 
quality which it is more dangerous to affect than this; for thd 
spell is at once broken, and the author loses the rewaixl of hiit art, 
as soon as it ia perceived that there has been a laboured effort 
made to ]iro<luce it; — like the Sfiartan rogue, who only gaine<l a 
lawful exemption from puuiahmeut for bis theft by the deiterity 
with which he contrived to commit it. 

The ecclesiastical and castellated piles of the Middle Ages are 
perhaps the most striking as well aa the most familiar illuslia- 
tious of this high quality of art, — if art it may called, where 
couceulment of art is the best pronf of its influence. But I last 
week sufiicieuti}' discussed this subject of the pictuivsque. 

But there is a principle which I should notice here as being 
appticjiible to all large .irchitectural compositions, and to uone 
more so than to those of picturesque character. I refer to a cer- 
tain subordination of the various pai'ts of a compoaitiott to 009 
predominant feature or gfup. 

In every large comjjoaition, whether it be a building, or (aa 
I believe) a picture, a kind of unity should be preserved by con- 
centrating effect, — by giving, not indeed an unduly absorbing 
interest to any one portion of the design, but a deciiled and 
clearly marked preponderance to one portion; for I think it is a 
remark »f very general application that where interest ia scattered 
it is sure t^) be weakened. 

Our own St. Paul's is an instance especially iu point, aod 
affords a remarkable example of happy ndjustmeut of its variooB 
parts; giving to the dome just importance enough to secure its 
preponderance without overwhelniiiig the subordinate parta of 
the design. 

The superiority of the iffeot of those c.-itheilralB, such aa Salis- 
bury, Lincoln, Lichfield, and othens, which have main central 
sfiires, over those where that mniu feature is wanting, such as 
Westmiustur, Winchester, and Peterborough, ia also au obvious 
illustmtiou. 

It was, no doubt, to some cesthetic consideration of this natiirs 
that we owe the noble gate towers of our colleges, and some of 
our old Uu'ouiul residences, such as Burleigh, Knowle, and the 
like. These ceulral features, rendered forcible by their superior 
height and enrichment, connect, as it were, the various ]>ai1s of 
the coiupositiuu; giving it that unity which, as I have said, adda 
so much value to a design. I might name Greenwich Mv>spital 
as a building which must be regarded as very deficient in this 
respect; and I c;ui h;irdly doubt that this building, as we now see 
it, is but juirt uf a larger and more counecttd design, which its 
distinguished author wivs uuft>rtunately unable to reiUize. 

You will have observed that iu the somewhat di'«ultory 
remarks I have addre*«ed to you this evening, the subject of 
styles has been but slightly touched upon. 

This has arisen from no want of due appreciation of the impor- 
tance of that snbject. There is no doubt whatever that a 
thorough, discrimiuatlug knowledge of the aeveral recognised 
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Uict inrndfl or •team end of the pumping-engine beam, to wUcb this set uf 
P'lmpi WM coaneute<l. 

The quantity of water at the Hartley pit waa very large; it foond its way 
into the pit almoct entirely through the worldngB in the low inain iteaiu. 
Thft quantity amoimtcJ M from 1400 to 1.^00 gajlona per minute. 

Frnm th« level at which thin water entered the pit it waa nec««eary to 
raise it frfini the depth of 200 yardg; to effect thia required the uae of 
great engine power." 

The pampiDg-engine, and the couBtraction anil arrangement of 
the pumpa — to which principally the cause of the breakage is 
attributed — are then notice<l as followa: — 

"The pumpinj^-«ngine at thi^ pit had a steam cylinder of SflJ inches in 
diameter; the pre«9*ure of the; steam naed was 14 11m. per square inch; 
tho tteani was condHUBed on both sidos of the ateaut pistaa; the engine 
was uf the estimated force of 300 borne- power. 

The length of the bti&ui of the engine was 34 ft. 6 in. frnm centre to 
centre of the out«id€: gudgeonii; the sectional dirae]LKi<in« of each of the 
two sides of which it was composed, taken through the centre gudgeon- 
hole, wer« 8 feet in the vertical by 4 J inches in the cross section, exclusive 
of th« metal in the ribs and in the boss. 

Tho centre gudgeon, forming the centre of motion of the beam, was 
situated S inches nearer to the outside or pumping end than the middle 
of the beam; its stroke was thus 10 feet at tho inside or steam end, and 
i> ft. 3 in. at the outside or pumping end, situated over the pit-shaft. 

The pumps connected with this eng;ine were divided into three sets. 
The bottom set, lifting tho water from the sump in the shaft below the 
low main to the yard scam was 52 yards, and the middle set, lifting from 
th« yard to the high main neflm, was 0<j yards in height. These two sets uf 
pumps and the H|>ean connecting them with the outside end of the pumping 
engine beam, were situated in Uie northern half of the shaft. They were 
boUi bucket sets. The backets were 2 feet in diameter, working strokes 
<rf 9 ft. 3 in. The mun dry spear, extending from the engine-beam 
t<> the top of the middle set of pnm|)s, was 14 inches square. Below this 
point, from the Y to the top of the bottom set of pumpa. it was 10 inches 
■quare. These spears were of Memel timber. The wtxid in the bottom 
dry spear, near the place where it had parted, was found to lie nut per- 
foetly sound. 

The bottom set of pumps stood on the bottom of the sump, that is, that 
]>ortion of the shaft below the stone drift leading Ui the workings in the 
l>>tv - main seam. The middle set stood upon oak buntons of great strength, 
»«hi<'h were placed sid^i by side, and in tiers over each other, extentUng 
nearly half-way across the shaft of the pit. The top set of pumps lifting 
frnm the high main seam to the surface, a height of 72 yards, was situ- 
ated in the st^le sunk to this seam, near the inside or steam end of the 
engine-beam. This set also, as the others, was a set of bucket pumpn ; 
the buckets were 2 ft. S in. diameter, working a stroke of 6 ft. 3 in. 

The weight of the dry and wet speam, of the buckets, and of the 
colnmns of water in the bottom and middle set« of pumps lifted from the 
outside end of the pumping engine beam, when the engine made its inside 
stroke, appeans from calculation to have been about 55 tons. The smaller 
weight of the top set in the staple, which was connected with the engine- 
beam on the opposite side of its centre of motion to the bottom and 
middle seta, was compcn.oated bv the difference in the length of the two 
ends of the engine-lieam froia the centre of motion, the weight of the 
steam-piston, piaton-rod crosB-hcad, and iruu catch-pin attached to the 
beam. 

The steam in tlus pumping engine being condensed on both sides of the 
piston, the spee<i vrith which it would travel through its inside anil out- 
blde strokes would, 8» long oh tho connexion of the beam with the pumps 
at eaoh end was maintained, be equal; but this arrangement rendered 
ttia eopaa liable in the event of ttte breakage of its connexion viith the 
oatnde or inside set of pumps, and nuwe parUcularly with the outside, to 
Nehous damage. 

All the seta of pumps in connexion with this engine being bucket 
pumps, the entire resistance to ita motion was aoovimulated alternately in 
(ipponte direutiona to theaLition of the steam, without any check to dtat 
action existing on the other hide, and in the event of this resistance 
OMMing by the breakage of the pump connexions, it was inevitable that 
the engine should destroy itself, as, in fact, ooourrcd. 

Mr. Blackwell then points out the difference between the 
engine at the Hartley colliery and a Corniah engine, in which he 
observe* the same circumstances of danger do not exist, for the 
Bt^am, being condensed on the under side only of the piston, the 
total force brought into action in the inside stroke is confined to 
that which ia required to lift the 8jK?ftra and plungers, without the 
additional weight of the column of water. Eespecting the use of 
hiioket-puropa, and the immediate cauae of the accident, be 
observes; — 

'* The u«e of bucket pumps of large dimensions, to form all the sets of 
ji4m|>8 in ■:^>nufxic>n witli a powerful pumping engine, is evidently a 
Miirce of much danger, lu such casos, the engine having t<) lift at the 
same time, not only Uie weight of the spears but that also of the water 
tMting upon the buckets, the tendency is (o eoonomise weight as much as 
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possible, and consequently to reduce the dimnnsiffna of the spears br 
which the cuunexiuu of ihi« weight with the engine is inaintMned. 

There ore tipeciul causes of broakage connected «nth the atit 
bucket pumps. The whole power of the engine Tauit be applied U>i 

iu) a <lir<)ct strain tending to sever their cioinexion with the engine. 

buckctit are liable to become fast in their working barrels from varion 
causes, such as the bursting of a bucket hoop, or the entrance into t)l 
pump of dirt along with the water. The blast holes tfarongh which tl 
water ent<>m the pumpe may become eboked up with dirt, and this wouldi 
throw an excessive strain on tiie spean. ? 

it was proved that the sump at the bottom of the shaft of the Hartler 
pit had not been oleansed out for a great length of time. The timtier form- 
ing the spean was probably rendered brittle by the elevated tempef*- 
tiu% of the pumping half uf the shaft, which was used as tbe upcAsC 
That liability to breakage existed at this engine was proved by a former 
accident, which occuredin 185S, when its speed was only 4^ strokes oer 
minute instead of 74 strokes, ns at the p<-riod of this aooident. On tnia \ 
occasion the maia spear in the pumping shaft broke, and the connexioa| 
of the piston rod with the engine-beam appears in oonseqaenoe to haven 
been nearly severed. 

It was necessary under those circumstances which existed at Haitley 
pit, namely, the constant influx of large volumes of water, with the pn- 
bibility of its inorease, while there waa only very limited standago room 
for it below tho level of the pumps, that tbe bottom set should be bucket 
pumps, the liucketti and clacks of which can bn drawn out and replaoed 
from above through the pumps, in case of their being temporarily over> 
powered by water; but the up|>er sets uf pumpn, namely, the middle set | 
iu the shaft connected with the outside end of the engine-beam, and the 
top set in tbe staple connected with the inside end, should have been 
plunger pumps; these two last sets being situatt^d above the level to 
which it was probable that the water in tlie pit could rise. 

This arrangement of the pumps would in aXi pmbabilitv have pre-! 
vented such aa accident as that which occurred. Rince, under It, the entinrl 
resistance to the motion of the engine would not, as under that which { 
was adopted, have been accumulated alternately in one direction and on ' 
one side only of the centre of motion of the engine-beam, during each 
stroke of the engine; but a balanced reeistance on each side would have 
been presented to the action of tho steam, in whichever direction tho | 
piMton might travel. 

It appeared fn>m the evidence of men who were being wound up in ' 
the shaft at the time of this accident, that a breakage of the spears iu the 
shaft, by which the engine lost its load wholly or in part, did occur prior i 
to the breakage of the beam and the fall of its broken half into tbe pit. | 
It appeared that when this breakage of the spean occurred the engina ^ 
was conunencing its inside stroke. The resistance io the descent of the ' 
piston in the steam cylinder being thus removed, the piston would be 
carried downwards by the pressure of the steam on its upper surfac* 
augmented by the vacuum below, amounting to a force of about 02 tons. 
and would rapidly acquire momentum in it« descent through a Stroke of 
10 feet in length, until both the piston and tliat end of the beam con- 
nected to it were »uddenly arrestetl by the iron catch pin 6xed upon th»^ 
beam at that point coming do«vn upon the spring beams where they wera 
rendered f>erfectly n^^ii iu their resistance by vertical oast- iron oolumna | 
whiiih were firmly Ixiltod to them beneath. 

The enginebetim, tlie breakage of which was the immediate cause of 
the loss of life which rcHultod from this accident, was made of iron of fair ' 
quality. It was of the full ordinary sectional dimensions of beams 
used in engines of similar power to this. The over-wedging of the centre 
gudgeon of the beam and the oocurrenoe of severe iroet at the time of th». 
acoidont, may havo contributed to render it somewhat more liaUe Km 
fracture than it would otherwise have been, but these dieumstaaces wart ; 
not alone sufficient to account for this occurrence. The beam had bem 
at work uuder the loiwl it was carrying for about seven yean. 

The breakage of the beam must be attributed to the violent ooucumioQ 
to which it was subjected when it, together with the steam piston coo- 
neoted to it, were suddenly arrested after descending through a stroke of 
10 feet with the velocity acquired under the pressure of the steam, by i 
coming in contact with Uie spring beams beneath, after the cuunterbeJan- 
cing load In the shaft was partiaUy or whoUy lost." 

Notwithstanding the fracture of this cast-iron beam, Mr. 
Blackwell contends that it ought not to prevent the use of such 
material for similar purposes, tor, iu hia opinion, the defecta of 
caat-iron may in almost all cases be guarded against by a jadi- 
cious combination of wrought-iron in tbe conBtruction of beuns. 
Had the eugino-beam at liartley, he observea, been trussed with 
wrongbt-iron i-ods 2^ or 3 inches iu diameter, applied to the 
upper and under edges of each of the sidles, it would in all proba* 
bility have sustained the effects of the violent concussion. Mr. 
Blackwell concludes his report by animadverting on the danger 
of working niines with a single shafL He estimates the coat of 
labour and materials required for sinking two shafts in place of 
one, the sectional area of the two together being equal to that of 
the single shaft, at from 10 to 25 per ceot. With regard to deep 
mlDes now in operation, where large qoantities of water hart 
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side archea, which ai-e ratber uarrower, were glazed, becauHe the 
iuuer portions are broken away; it may however be assumed 
that they were uot glazed. In the spaudrils wei-e formerly the 
tigures of SaiDl Peter and Saint Paul, to whom the church was 
dedicated when rebuilt. That of 8nint Paul ia entirely gone; 
but Saint Peter can be iilentified by hia key, which is still to be 
nia<]e nut. It does uot appear to be so early as the chapter house 
by a century. 

The east end has been partly reconstructed, and there is part 
of a shaft remaining in the upper part, which would lead to the 
notion that a wiuduw had been there in such a position as that 
it would light above the vaulting. In that case thei-e may have 
been, aa waa moat proljable, a doimitory or library alwve the 
chapter house, which was li>ihled by this window. There is a 
Btring-couree along the sonlli end of the trnnaept, from which a 
roof would lean, meeting the gutter of a r<x>f over this chamber, 
and to which access would be obtained through the trifuriuu 
gallery, where two openiugs show that they were for ingress; on 
the south side the lowest tier of arches have Italls in the hollow 
of the arohivolt, similar to the bulldower in application. In two 
of the bays also, aa well as one on the north aide, the columns 
in.<:tead of being of three shafts are of one column, with reveals 
carved into lozenges, with a raised quatrefoil flower in each 
lozenge; these are continued round the head. 

There is likewise on the south side a fireplace insertetl, and 
there has been a doorway, the shafts having been cut away fur 
the purpose: the former would apitear to have been done not 
very long after the oiiginal conslruction. 

It may be well here to alluile to an error of importance fallen 
into by Mr. Britton* and others in reference to the string-courses 
from which the columns spring. This has been repeatedly de- 
scribed as a aeat, for which pur|xwe it is much too narrow, and 
l>e;ng also seven or eight feet from the floor, it ia obvious tliat it 
wasaltoj^ether above the monks' stalls. There may have been hang- 
ings or ciiats of arms in the recesses, as the mortices seem to show. 

The origin of the as;iertiou seem-i to have been derived from 
the author of the letterprena of the ' Beauties of England and 
Wale»,'t and repeated by Britton in his later works; he probably 
tiever saw it, or he would at ouce have discovered that five feet 
• •f earth removed would alter the relative levels so much as to 
render impossible such a supposition. The view in the 'Beau- 
ties of England and Wales,'t shows tlie entri«uce buried to 
within a diameter of the level of the capitals of the shafts. 

The great cloister exhibits only bare walls. Tlic string-courses 
ihow the position ol the former mof, by which we see that it 
was not vaulted; they further show the width of the ambulatory. 
The outer wall next the garth is entirety destroyed. There were 
the usual two doorways into the nave, one of which is no longer 
in existence; the other, which opens under the lower part of the 
uiitle at the western end, is tolerably perfect. The cloister curi- 
ously dimiui.shes in width toward the west. It is remarkable, 
that in the abbey of Ciuny this part of the buildings has a 
similar departure from the rectangular plan. 

We now proceed to the conventual buildings of the Early 
English period. Northwanl of the chapter bouse in the cloister 
i* the tnple groined recess before noticed. It is 4 feet 8 inches 
in clear depth, with the three front openings about 8 feet 
3 inches wide, with corresponding recesses at trie back. These 
last exactly match those in the chamber above the crypt of 
the north ttauttept. I am disposed to regard the arrangement 
as purely aocideutai, arising from the tnorease of the size of the 
church, and the desire to preserve the chapter house, the hue of 
wbicli had to be continued to the former; and with the usual 
ingenuity of the age to which it belongs, the accident was turueil 
to account, and something useful and beautiful at once produced. 
It waa not the usual position for a lavatory, altliough, from the 
absence of any indication of it anywhere else, it may have been 
cne; but its most probable use was that of a cnpboaiti where the 
everyday books were kept, this being the exact position one 
would point to as complying with thedescriptionsof lJngdale§ and 
VioUct le Ducil I therefore am inclined to consider it the "Petite 
Bibliothcque." It ha."*, in almost all parts, what are technically 
termed straight-joints, which show that all but the tuaiu walls 
WM built subsequently to the other parts. 

* Arebit'clurm] Auciq., ir, p. ti. 

♦ VoL xiii, p. sin). 

I It)., p. IS'J. 

f Monft^K'on, r, p. t1. of introdnetiiiD. 

II DlrtiiMiualn.- Koboaute dt I'ArcUtect. FnuwaiK, i, S5S. 




The masonry and the doorwaj-s which now partly fill np th»j 
original archways are modem, the dressed stones having beeuj 
re-applied from some other part of the building. 

Facing the chapter-house was the dormitory, now altogether 
swept away. The guest-house was further to the west; nothing 
remains of it. From the north end rose the stair which led to 
the upper floors containing the dormitories and the chamber 
over the aisle, aa well aa to the gallery in the triforiuni, wliich,j 
as there was no upper floor to the ambulatory of the cloister, ' 
will have been used aa passage rooms, and the gallery as a meaus ■ 
of communication. On the sooth side of the cluister was the I 
refectorj', two walls of which are yet tolerably perfect. It waa »«j 
lofty room, too lofty apparently to have had any room over it,| 
and it was groined in eight bays; it waa thirty-two feet wide bj '■ 
eighty-five feet long. A noble room it must have appeared, witU 
its lightly moulded ribs springing from carved corbels, while itsi 
lower part was hung probably with tapestries, or its walla < 
covered with frescoes. Among the more distant buildings ia 
one that can have been none other than the infirmary. It is at 
present used as a cow-house. There has been an enlniDoe 
Inside it Of the other buildings there are several rooms adjoin- 
ing the abbot's lodging, and on the north side of the smaller 
cloister; these were fL>r otticea, and are of early tlate.* 

The tower at the present enti-ance has been always called a 
gale-tower; it is necessary however first to prove that the en- ' 
trance waa there. Of tltis I am not at all certain. There are uol 
evidences of any gateway adjoining it, au<i it may just as likely! 
have been a dove-cot. borne of ibe old walls of the grounds tol 
the south are curiousty loupholed. At the end of the wall in thdl 
rear of the abl>ot'8 lottgiug is an ancient garderobe. 

The ubl>ot'a house, allowiug for alterations, is the most perfect ' 
part of these remains, and ia still habitable; its date however is* 
more than two centuries later. It ia Tudor — far from being of^ 
the l>e.st kind — ^and is diminished in extent. The upper floor^ 
still shows the abbot's refectory or hall, and the withdrawing 
room or pnrluur Iwyoud. There are indicatious of a gallery at 
one end of the former. Both these rooms have large corbelled 
pedestals in all the window-jambs, which were intended for ser- 
vice, or side tables to fill the recesse-s; they do not touch the floor 
by upwards of an inch. The refectory has a water-drain and 
sink. There is also a double cupboard in the divi-siouat wall, 
with ledges for shelves to be fitted in as mentioned for the, 
windows. These rooms are acce^siLile from a newel staircase, as 
well as from the open corridor. On the north side of the hall 
were the sleeping apartments. On the lower story are several 
rooms thoroughly modernised, and the antique appearance ob-^ 
literateil. 

The chapel is ia better preservation, and retains the stone altar<| 
and the worn steps, which have the marka of the former railing.' 
A stoue reading-desk waa dug out of the ruins some few years 
ago; it is of Wenlock marble, sculptured with late Norman sculp- 
ture; there ia only one other known. Parker figures this nitur 
and lectern in his glossary .t Theie ia here a small sitting statue 
of a saint, cross-legged, with a crown on her head, and holding 
either a closed book or a bag. This may be meant to represent 
St. Milburg, but it is a caiving made long after the church was 
dedicated to St. Peter and St. Paul, and is therefore hardlyJ 
probable. It may have been intended for Isabel de Sai, Lady ofd 
Clun. This carving, which is of the end of the thirteenth cen- 1 
tury, would be more consistent with that view than the other. 
Mr. Plauche, at our Congress at Newbury in 1860, informed us 
that, in hia ojiinion, the representation of cross-legged figures %va8 
iudiattive of the person represented having feudal jurisdiction,! 
and that this power, and this manner of representing it, wereil 
not restricted to men. There is a garderobe on the groond floor^l 
which is covered by a stone slab of earlier date, with carved] 
jiauelling on the underside. 

Parkerl gives a tolerably accurate description of the abbot's^ 
lodging, though I cannot subscribe to all his suggestions or con< 
elusions. Hia plans are not quite accurate, iaeveral writers 
mention a former painting on the walls of the abbot's parloor; 
one is described to be a representation of St. George and tho^ 
Dragon. 

The front of the lodging consists of a wide two-storied oorridc 

■ >ince Um Cofvgrew, tome of tb« fMJag; hM l>rta nmoved. «ad thj mtI; i 
*luv« tM«D diKomred. 

t Vol. U, pl»t« i. At piLgr V ixit defcritied u of Ekrly Etiglith workraaaslilp, 1 
h« mrroots tiii« io hU Dome«tic Arcllitoctare. 

I Dumtttic Ardutoctore, Ui, Uii. 
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ntcndinff the whole lengtb, with contiuuous ranges of wiudows, 

which have beeu glazed ou both stttriea. They are divided into 

b»/H of iuiu* wiaduw» by buttreased; the sab-divisions are made 

bjr ■iuiill**r itit«roiediate piers and buttresses. The roof, which 

oatDmeucea front tite eaves of the corridor, La enoniiouHly high. 

Frota the luwtjr corridor there are aome unueaal and curiouxly 

Bplajed " squiaUi" into the house; these are Jarge enough to have 

iMen oaed fv>r the passing of small parcels, but are more likely to 

imave be«a used simply for looking from the inside to the outside.'*^ 

Of the seals of the prioty few have been noticed. One in said 

C<o have been found at Clun Church in ITGO, of which no particn- 

M~xxr» are given. Willia+ montious one of Anns az, 3 garbs, or, in 

2>Rle a crozier, arg. Another mentioned by DdgdaleX ia a coarse 

sr~«presentaLion of St. Milburga, aitling in a homely dress, with 

^^kXt iuatrutuent like a two-prou;^d fork on her right shoulder. 

-^ later cue is a full length, with a book in the left, hand and u 

'■onuch of flowers in the right. A fourth is a seiU to a deed in the 

r^Harlei&n Collection (83 D, 3) 30'' Henry Vill. It ia oval, a 

^^irgiu ana Child. Beneath, in two niches, are an armed figure, 

"^gpc obably Su Ceorge with the dragon below, and a female tigure. 

"^lahe reverse is a female half figure with a crozier. The inacri]>- 

-^bJons are "sioill" kucl.'... ..valis. itONACHOKVM . o'wenlok" and 

"^ * SaVCTA . l»C!LBVRQA.''§ 

One not hitherto mentioned I have been favoured with by the 

it poaaeasor, the Rev. T. F. More, of Linley Hall. It is as 

matrix coated with goM, and was found at Hoptoa Caatle 

K>y Colonel L. More, in whose family it has been since retained. 

mt consist* of a representation of St. (ieorge and the dragon, 

'~%('itl)ia a rmitica pUcis, two inches and a half long, and one inch 

^ud a half bro.ui. The tigure is Ijeueath a trefoited canopy, 

^which is j«up|iorte<l on two slender columns; the wings and head 

•of St. Geori^c till the trefoils. It appears to be of the thirteenth 

■«cutury. The legend round ia "s'ecclib: coNi;EHTnjU.iB: de 

wbnlok: ad CAVbAB: TAJfTUM." The connection of this seal with 

the alleged painting ou the wall and the previously named seal 

is obvious. 

In tlie late Mr. Caley's collection of Hewlett's drawLngd of 
ancient seals there were — 

1. The common seal of Weulock Priory, from a deed of the 
ziL aac. 2. The seal of Prior Humbert, xii. *ac,. 3. Seal and 
MttOteraeal of the Priory, tVom coiiveutaal lease, 28th Hcury 
Till., in the Augnieutution otiice. 4. From an early charter <. d, 
ia the Clmpter-house, Westminster. .5. .Seal of Prior .lohn 
8ti»tton, from a charter of the dat« of \Wii iu the Augmentation 
office.|| 

The ruins have been subjected to very rude treatment. Mr. 
Moore, writing iu 17h7, says that many years before, great part 
of the abbey wan pulled down to rebuild some houses, and only 
four ycira prior one of the clustered pillars of the church was 
HMrly levelled, and a c^irt was waiting to take it away. To the 
loivdit of the late Sir Watkiu Williams Wynn it should be 
obaerved that he, :ls well as the sub^e^^ueut owners, put a stop to 
further depredatiouu. 

In the grounds on the east of the church I observed a heap of 

irorked sUmcs gathered from the ruins, and on looking over these 

Idiacovcred one which had been part of a base; ou the up|>er 

nrfitoe were aome very be.iutifully incised lines of £arly Eu{i|lish 

noaldinga, which illustrate the subject of ancient architei^tural 

drawing; the lines show that they were cat aa moulds, and not 

for the purpose of the stone itself; indeed they extend beyond 

tiie poiuta where they could have been available, and there are 

ler mouldings neither couiiected nor applicable. I believe this 

the only iuHtauce of the kind yet discovered. 

r^Siere, also, I found a comparatively rare example of paving 

J6, * small portion of simply incised pottery. There are many 

of tUes scattered about the ruins, bearing representjitions 

[of Bhield.i, iiuiai.iU, and vurious emblerait: one, two inches and 

luarlers sijuue, has a representation of the moon's face in 

liue^i; tilt! iile is recL 

are no fiah-ponda to be seen; indeed they seem to have 

long destroyed, but there lire appeurauues of aome to the 

Parker, in hit v:cn(nit, alt^gotltar avolda menttoolnx iliuic, ulthough he (liowi llirin 

' I |ilui. 'V t laj plan is too imall to Bitow tliiMD. TU« ftvot o( ibr biUi- 

nrftMt ' 4 vtrf tiibilM' twu-«l4iriKt corridor. «lth a •imUarly cll>- 

.3 figured ia the aUtMaUi p«tt of DoUnukU sad J«l>tMi»'» 

> nimiic Axcbllecton.' 



tliree 



^ There 



kasMtor 
» IUlra4. 



■•or Ani irui 1 1 

» llMra4 Abt>(7«. u. l»<. 
} Mn—tlniin, v, Tt. 

TV dravlnsi, upon thi? Attxh of Hr Call?, mr* podMaHl bjr Mr. Tliorpr, book- 
, tefiotaiUUy, ami hj Uiiu di»tienosl to rafWM pIfnhlsCi 



OMt of the abbot's lodging. Lelasd, in his Itinerary, folio 182, 
relates that there was formerly a little brooklet running west 
from the hills through the town, and called Rhe, which ran into 
the .Severn two miles disbint. 

Of the Priors of Wenlock, the following is a list compiled from 
the most perfect as given by the Rev. Mr, Eyton; — 



Commroopd. 

Peter 

Rainaold ... — 

Httmba]d, nr | 
Wyaebald ( '■■ 
(Tnterregnum.) 

Peter de Lcja... 

Hemy ... — 

Uobert ... — 

Joybert ... — 

Humliert, or 

Imhert 
Ayiuo de Muntibus I '261 
Juhl) de T>-cford, \ ,,,_„ 

orThiffoAl j ^^'^ 

Heary de fionville 1285 

Henry ... — 



Gwycard de Caro 

Loco 
Humbert ... 
Henry deMyonns, 

or de Chay 
Otto de Floriaco 
William de Ponte- 

fract 

Roger Wyvil 
Jnhn Stanord 
William Brugge 
R<iger Bany 
Rigger Wf rUock 
.luhu Strivttijn 
John >SlirKWBbury 
ThiimAH Sntbury 
Hioluird Syugar, \ 

alias Wenloke \ 
Roland Gossenell 

John Bayly 



1320 



13»7 

1438 
1462 
1468 
1471 
1482 

1485 

1521 

1527 



tvUUIV IKCUI 

(1139 1 

j 1155 I 
I 1160) 



( ns)-2) 

i 1200 
1221 
1263 



1292 1 
130<S I 

1344 

1348 

LSfiO 
1802 
1871 

1379 

139S 
1422 
14S5 



1485 
1480 
1526 



Tenaii>at«<. 



1169, itecedcdtu 
Paisley* 

1176, |irouiuied 
U> St. David"*. 



1210, died 

1260. died 
1272, died 



1319-20 



1397 

1437. re«tfm<i 
14f}2, dieil 



14S2,re8iKnc<i 
^ 1521, Buper- 



\ 1540, ■um^n- 

"" j it«r<«l 

Christmas Day, 1553, died. 



The site, says Mr. Blakewar, was granted to one Augostini.s, 
whose name bespeaks him a fliireigner. He was, perhaps, one of 
the king's physicians. He sold it in lo4o to Thomas Lawlev, 
whose deiicendants again disposed of it to the family of <}age, 
from whom it passed to Sir J. Wyun. It ia now owuetl by 
J. M. Giiskell, Esq., M.P. 



THE RAVAGES OF THE LIMNORIA TEREBRANS UN 

CREOSOTED TIMBER. 

By Daviu Stevenson, F.E.S.E., M.I.C.E. 

Thk following is an abstract of a very useful paper recently 
read before the Royal Society of Loudon : — 

The author staled that it would be difficnlt to estimate the value 
of any chemical or meehttuica.1 process whereby limber might be 
i*ettdercd permanently impervious to the ravages ot Liinnoria trre- 
brant, that small but sure destroyer of limber stixictares expoaetl 
to the action of the sea. 

The rav.Hges of that crastacean were first observed in ISlU by 
Mr. Itobert Stevenson, the engineer of the Bell Rock Lighthoii-.-, 
in the timber supports of the temporary beacon used by him lu 
the erection of that work. Having forwarded specimens of the 
insect, and of the timber it had destroyefl, U> Dr. Leach, the emi- 
nent naturalist of the British Museum, Dr. Leach, in Ibll, 
announced it as a " new and highly interesting species which hud 
been sent to him by hia friend Robert Stevenson, civil engineer, 
and assigned to it the name of Linmuria terebrant (Linneait 
Trans., vol. xi. p. 370 ; and Edinb- Ency., vol. vii. p. 4-33). 



' tailing mu ouc ut tliu yiiiirUa ifniiit«<l to Weulock. 
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The Teredi^ navafU, which was a larger and even more de- 
Btruclive euemy, was bapipilj uot so prevalent in uorlhem seas na 
the Limiiorin. 

ExpeiiuienUi made at tlie Bell Rock by Mr. Robert Stevenson 
extending over a period of nearly thirty years, the detailed 
hlccoimt of which was given in Mr. Thomas Stevenson's article on 
larbours in the 'Eocyclop»dia Britauuica,' had clearly proved 
that teak, African oak, Engli.sh tind American nak, iniiho)|nuy, 
beech, ash, plro, and the different varieties of i>i»e, were found 
sootier or later to become a prey to the Limnoria. Grecnheart 
oak wa« alone found to withstand their attiiclts; and even thid 
timber was said in some instances to have failed. 

Mr. Steveusou'a exporimeula also included the testing of the 
.Artifi':ial processes of Kyau and Pain, the former being an iujcc- 
Vtiou of corrosive Bublimate, and the latter of proto-sulpbate of 
ii-on. Tirolier prepai-ed by Ky.iu's process was attAcked in two 
yeai-s and four months, and in four ye;irs and seven months was 
quite destroyed. Timber prepared by Payne's process was 
attacked in ten months, and destroyed in one year and tea 
ruonths. 

The justly approved creosote ]>rocess, patented by Mr. Bethell, 
ha<l been largely employed in railway works, with universally 
admitted success; and, in common with many of his professional 
brethren, the author adopted it in several marine works, in the 
expectation that it would prove an anti<lole to the Limnoria; but 
liaving now aacerlaiuetl be^'ond nil doubt that creosote was not a 
universal or permanent preai-rvative of timber used in marine 
works, the author proposed in the present notice to state briefly 
the facts on which this opinion was frmtindeil 

Before doing so, however, he wished it to be distinctly under- 
stood that he did uot undervalue Mr. Bethell's highly important 
invention na a preservative of timber against all ordinary decay 
incident to railway sleepers, tirul>er viaducts, and indeed all 
timber Mtrnctures not exposed tn wea-water infested with the 
Limnoria terebrant. His remarks referred exclusively to its 
application for marine works below half-tide level. For .ill other 
claitsefl of works he believed it to be a most valuble preservative. 

Id 1859, in u diHcu^sinn which follriwcd a paper on the " Per- 
manent Way of the Madms Riilway," at the Institution of Civil 
Engineers, the author first stated thnt there were distinct 
evi<lences of the attack of the Limnoria tfrfbrana on creoaoted 
timber used at Scrabstor Harbour, in Caithness; while Mr. 
Bethell the piitentoe, and others, expressed their conviction that 
creosoted timber could not lie perf(>rated by any worm or insect. 

Subacqueutexperienceanilobdervntioii h-ive xatisfied the author 
that the statement which he then mnilc was correct ; the fact, 
as now ascertjiincd, being that thoroughly creosoted timber is, in 
certain situations, readily perforated by the Limnoria terebrans. 

The first instance to which he referred was ihe pier ut Letth, 
wfiich was executed about 1A50, by the late Mr. IJendel. The 
whole of the timber erajiloyed was creosoteii on the s|k>1 in the 
mo.st careful manner. As the piers at Jjeith were washed by a 
con.ttaut admixture of fresh water from the Water of Leilh, the 
author expected that the progress of devastation at that place 
would be 80 slow as to be hardly appreciable on creosoted timber. 
But ha\'ing carefully examined the West Pier, he corroborated 
the evidence given by Mr. A. M. IJeudel in 1800, before the 
Select Committee on Leilh Docks Bill, that notwithstanding the 
most careful application of creosote, the timber work baa been 
Attacked by the insect to a great extent. 

The second case to which he referred was Invergordon. Two 
steamboat jetties were constructed at that place from designs by 
Messrs. Stevenson. It was genei-ally renreseutod that there were 
little or no traces of marine insects in the Cromarty Frith, and it 
WAS resolved that it was a situation peciUiarly suitable for 
employing timber pile-work protected by creosote. The timber 
used in the work was carefully selected at Lcith, and dressed to 
the ueceasary scantlings and leugths, so as to avoid all cutting 
after it had undergone the pr<^ces8 of creosoting, It was then 
creosoted by an agent sent by Mr. Bethel! f^r the purpose, at the 
sight of a careful inspector employed by the eugiueers. Every 
piece of timber was weighed before being put into the tank, and 
the process of creosoting was continned until each piece had 
received, as nearly as posaiblo, the apecitied quantity of \0 lb. of 
oil per cubic foot. Some experimental piece* were from time to 
time cut longitudinally, when it was found that the creosote bad 
entered the ends of the logs IS inches to -2 feet, and that it had 
^ wtnrated tho timber some two yr more inches all i-ound. No 
{reator precautious could possibly be aaed to insure perfection la 



carrying ont the process, which involretl an additional cost of 
about; £450. The jetties were erected in 18.!>6, and now tho] 
superintendent's report was, " that the blackened or ci-eosoted 
portion of the timber is very much eaten and perforated. T!i« 
timber perforated is just as it (sime from the creoaoling tank^i 
never having been cut There xs \i inch wasted on some of tho] 
piles that have been perfoi-ated." 

The thii-d case to which he referred was Scrabster, which waa-j 
also constructetl under Messi-s. Stevenson's <lirection». The tim- 
ber employed in this instance wsut selected Memel of firat-mle 
quality; it waa carefully creosoted at Glaagnw, On cutting np a 
timber that had been attacke<l by the Limnoria, it was found that] 
the creosote had fully entered at the em Is, and saturated the* 
sides, and yet it was disoovere*! to have been attacked after it 
had only been exposed thirteen months, — the insect perforating 
the blackened timber The whole of the creoaoted piirlion of th«j 
timber work was now more or less worm-eaten and deslroyefL' 
Mr. Leslie had also directed the anther's attention to similar' 
results at Grantou and Stranraer, at both of which places the 
creoaoted timlier had been perforated. 

The author held that these instances were enough to prove that 
the failure was not peculiar to one spot or one isolated esse. If it 
was said that the timber used at these places had not been pruperlj 
creosoted, it might fairly be concluded, that if the proceae, eveal 
when conducted in the patentee's own works, to the s.^tipfnctioul 
of careful inspectors, was so dittictUt an<l nucertjiin in its results, | 
its general applicability woidd be greatly injured. All uewlj 
creosoted timber, whether it wn-n well or ill done, presented ihe^ 
same appearance externally; ami it waa only by weight that 
the completeness of the satuiatiou oonid be judged of; and if care 
ful weighing before and after the timber had been creoaoted vas^ 
not to be held as an ample and satisfactory test that the process' 
had been properly conducted, it seemed hopeless to expect tLatj 
perfect satisfuction could he attained. But it was so fur fortunatf 
for Mr. Bethell's system, that it w.-is not needful in the eas*^ tc 
which allusion hail been made to call in question the extent 
aatumtiou which his prooes-i secured when properly executed,^ 
Tho timber at Scrabster and Invergordon, and he believed at thi 
other places named, was undoubtedly thoroughly and properly] 
saturated; and the author said that the explanation of the failure] 
was to be found in the fact, that the Limnoria ;jffr/bro/»»rf timbf 
mhieh had betm thoroughly creosoted and blackeiied—t\ fact which at 
once dispioved the assumption, liitlierto so generally made, thai 
the poinonoUR nature of the creouote would prevent the insect 
from «tt!»cking it. As the Pholiw perforated atone to j.rucur« 
shelter, tho Limnoria might excavate timber for the snme purpose,] 
and obtain its food from tiie minute anim.-tlculflf with which thi 
water of the ocean whs charged. Dr. Coldsti-enm, in his elaboratej 

Saper on the Limnoria iu the * E<liuburgh New I'liilosophlcall 
oumal ' for April is:}4, had concludeii that the Limnori.i fed oal 
the timber, and not on animal substances; but even if this were) 
so, there aeeraed no reason to conclude that creosoted timbei 
could not be eaten by insect,-*, on account of the poisonous nataraf 
of the ])reparatiou employed. The author 8tate<l, that it had beeo] 
ascertained that there were insects that lived and fattened on fooij 
that waa to man a d>.'adly poi^ion. In the 'British Medical^ 
Journal' for April XHQ'i, there was au interesting notice on the 
subject. Mr. Attfield had there shown that substances which are 
intensely poisonous to the higher auiuisis do not affect Acivri„j 
which he found not only readily ate, but actuiUly fattened ot 
strychnine, morphioG, and other deadly poisons. But the author 
stated that the specimens which he had laid before the Society^ 
proved conclusively that creosote does uot act as a poisoa inl 
preserving the timber, because it could be seen that the Liiuuoriaj 
were embedded iu wood stili highly charged vdth creosttte. 

After carefully considering the subject, the author had nol 
doubt that the process of creosoting preserved timber from thej 
attack of marine insects only so long as the oil existed as a filial 
or co.tting on the outside of the timber. Whenever the attrilioal 
caused by the motion of the sea removeil this outer film or] 
crvatine, and e.i posed the fibrous surface of the timber, the iuseci< 
wouM then attack and perforate it, whether it were creosoted or 
not, its search being for a fibrous substance in which to barrow. 
The time that might elapse before the timber became assailable 
to these insects depended on the situation. Wherever there was 
little abraiding action of the sea, the exterior film of cr 
might be longer preserved; and where there was a considerable* 
admixture of fresh water to check the growth, or at least the 
avidity of the insect, the effect of their ravages might be more 
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S^nuitud, or, in some situntions, almost inAppreciiible. But the 

rault of the author's obsers-AUon and experience let! him irreBia- 

bibly to tlie oouclusion, that on the northera shores of the coaotry, 

-^Mrbere works are exposed to tite open sea, creosoted timber wfts 

a-wwlily perforated by the Liniuoria, and could not be safely 

^smployc^l in aoy important part of a marine structure at or 

%3elow hnlf-tide level, a fact of great importance to the civil 

«^ngineer. 



N THE FORMATION OF A NATIONAL MUSEUM 
OF ARCHTTBCTURE VIEWED IN CONNEXION 
WITH ITS BEAIONGS UPON MEDIAEVAL ART* 

By Geokub Gilbert Scott. B.A, 

Havikg been somewhat actively concerued in the first estjib- 

iahment of the Architectural Musieam; and the cotleotion thei-n 

,de having been, either temporarily or penimucuily, deposited 

the hands of a Orovernment department, wh'^ are supposed to 

ave in coutemplation the formation of ;i National Muitetim of 

_^Uvhit«cture; I have thought it not out of place to oifer some 

ggestiona an to what such a National MuKCuni ought to be; but 
doing so, to direct my attention mure particularly to that part 
fit ia which I feel moxt iiitureiit, — that whicii would illudlrate 
^■■he arebitecLure and the arts of the Middle Ages. 

A mosenm may be defined n-t a depository in which objects 

r^^llostnitive of science and art are collected and exhibited for pur* 
^^poaea of instruction and study. 

IIm great uses are to facilitate the studies of those who cultivate 

"^^he arts and sciences which they illustrate, and to excite interest 

~~ja tlieoj in the minds of otliers. They have .ilao a secoudiiry use, as 

■ •iji;,' phices where objects of interu:Jt, which would otherwise be 

iiktily to be lost or dissipate<l, or to perish front decay or other 

eausei), may be cired for ami |)6rtnanently preserved. 

When the museum is public or national, it performs, or should 

Erforra, these duties ou a grand scale, and for the use aud 
nefit of the public. 

Limiting our con.tideration to a museum of art, I would say 
that its directors ought to devote their energies primarily, to 
collecting such ohjects as are worthy of the study to the practical 
■tuilent of art, and as would tend to form the public tai^te upon a 
true and healthful standatil. Secoudarily, to the illuHtrntion of 
the history of art in it« various schools and periods; aud, thirdly, 
to the conservation of such movable specinieiii) as would other- 
wise be in danger of being lost or destroyed, provided such works 
•re of actu.M merit, or of value as bearing upon art-history. 

Concentrating, again, our attention Ufxin architecture and its 
■ttfaaidiary arts, let us endeavour to apply to it the general rules 
above fitat«d. An architectural museum should illustrate the 
history of architecture; and it is hard to c<>uceive of anything 
more interesting than a collection whicli would really and l>on- 
estly perform so noble a duty. 

The history of architecture ia the history of the world; it is the 
hi9t«>ry of the changing power and dominion of races ami nations; 
it ia the history of human thought, aud of the growth, the fluc- 
tuations, the decay and the revival of human civilisatiou; and 
worthily to illustrate such a subject would be indeed a uoblo 
undortiikiog ! This should not, however, be the primary aim. 
The great and vital object to be aimed at ia the actual protnoti<jti 
of art amongat ourselves; aud il ia to this object that the beat 
nterviM of those engaged ia such a work should be directed. In 
the nnt place, it is pretty obvious that while illustrating in tlieir 
Aigma other cla^iscs of architecture, such a museum should be 
mainly devoted to the two great classes of architecture which are 
ftctunlly practised amongst ourselves, and which are familiarly, 
though somewhat unmoauingly, known as " Classic" and 
« Gothic." 

It may be asked why these two clnssea of art should be selected 
from among the multitude which have prevailed in different ages 
aud oountTies. Ia it merely from the accident of their chancing 
to be practiced by us .it the present day I By no means. The 
r^amus are foHn<led both up<jn history aud upon intrinsic merit. 
CUuatc architecture founds its historical claims, firstly, upou the 
Kreat fact that it originated among thi»se nations of antiquity 
whose glorious privilege it was to unite in one main channel the 
aoveral Mirenma of the civilisation of the ancient world, to collect 
and conccntralo all that w.n worthy of |>erpetuatiou in its pre- 
vious oourse, and to brine: it. with its arts, sciences, and litcra- 
• Baad at (be Artlut«ctur«l Mtueuia ou tbe I'th alt. 



ture, to the highest perfection which they attained; and. 
8econt.hirily, ujwu the fact, not much less importaut, that what 
remained of the civiiiaation of these favoured nations of antiquity 
anpplied the germ from which a second civilisatiou sprang — that 
of which we now enjoy the blessings. 

Gothic architecture, on the other hand, founds its historical 
claims on the fact that it is the indigenous architecture of that 
family of nations to whose custody that new civilisation wa 
committed, and that it belongs t^> ourselves as a leading membc 
of that family; aud that, though it has for some centuries been 
superseded by the revived architecture of the ancient worhl, it 
ia now, in \l» own turn, revived by those nations among whom 
it originated, and ia familiarly used by them side by aide, and on 
equal term.-*, with that which' had for a time supplanted it. 

I will not dwell upon the former of these branches of art, but 
will now concentrate my attention upon that in which I per- 
sonally feel the greatest interest; and the illustration of which 
through tbe medium of a national museum is the subject of my 
present p-aper, 

I will tii-st state what often seems to be lost sight of; that it 
was not the historical claims of this stylo of architecture — strong 
though they are — which brought about its revival. Its oppo- 
nents often seem to suppose the converse of this, and to think tbi 
by directing their arguments against those claims they shall 
undermine a movement which, gloriously supported though it Is 
by historical claims aud associations, originated wholly in ait 
appreciatiou of the merits and beauties of the architecture, and 
its suitableness to our wants. On this subject, however, I will 
not dwell further than to say, that if you do not feel the beauties 
and perceive the intrinsic merits of this wonderful style of archi- 
tecture. I fear it would be hopeless for me to 3tteni(>t to convince 
you tjf them. Ifyou wish to know m}' views on this point in de- 
tail, I will take the liberty of referring you to the first and the la.<;t 
of my lectures at the Royal Academy. They are reported in the 
CM/ Engineer and Architect's Journalf aud elsewhere, iu Marcli 
and April, 1859. 

Now let us digress for a short time to consider what are the 
means by which a practical art-like architecture is to be moat suc- 
cessfully learned, and its advancement best promoted. 

Arclutccture, it should never bo forgotten, differs from the 
stater arts of sculpture and painting in this great hU<1 most 
imporUiut quality: that its productions are uot the actual 
handiwork of the leading artist him.'ieif, but th.at it unites under 
its banner not only lla two noble sister arts themselves, but also 
au almost innnmenible train of subsidiary nrtu, each of whicli 
contributes its quota towards the perfection of the architect's 
work, aud vies with others in rendering it noble and m.agiiificeut. 
When wo speak, therefore, of architectural instruction we nieati 
not only that of the architect himself, but of all the artists who 
work under bis batiner. 

It is a general fault in England, at the present day, that those 
who follow a practical art take too low a view of its artialii- 
as didtitignished from its practical element. Thus, with out 
manufactures, the workmanship is often excellent, the taste very 
ntrely so. Our artisatu are often giants in mechanicd skill, bii: 
pignties in art. 

The sjime has been the case with the arta subsidiary to archi- 
tecture; and, though a great revival has taken place, those who 
have advanced the most best know how great is atill the need 0: 
reformation. 

This reformation must however begin at the fountain-head. The 
same precetlenoe of the mechanical over the arliffic which has 
obtained amongst our manufacturing and our architectural work- 
men has e.\iated also amongst architwts themselves. We do no; 
wish to be less practical — far from it — but to be more artistic. 
and, if we aim at raising the architecture of our day as au art, 
we must begin by giving n more distinctly artistic tone to th*- 
education of our architects. Tbe absence of any recognised and 
defined facility for obtaining the class of instruction required to 
«up])ly this very general need ia one of the greatest hindrance-^ 
to the advancement of our art. The Institute of British Archi- 
tects have been considering for a long time past the orgaiiiaingot" 
a severe examination of young architects; but they have nevci-. 
to my knowled^'e, taken any step to aid their education. The 
junior institution (the Architectural Associatiou) have in rooj.' 
degree taken thu matter up, and have establiahed classoe for 
mutual improvcmuut : a .tlep worthy of all praise, aud the fur- 
therance of which merits the Mrioas atteutiou of ever; lover 01 
architecture. 
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f thnre nr« present aoy studenU of arcliiteottire, let me 
li^Atly itiil aerioiiuly preaa this subject upuu tlieir atteutiou. 
an Nr<:liitect'« otlicuyou cau learn the mure UiecLanical nutl 
,iiine**-Iiko mrUi of your wt, nnd you there — ami there Jilone — 
irti lilt! Hpplruitioii uf xtioh artUtic skill lui you luny ixmmms to 
tiial niiii i>raiitic.»l work; but that urtislic skill il<i«lr luust be 
I lired elaewhere, Mini by your own iMilivi<liiHl exHrtioOfl. I 
' it however to Im iliittiuctly un<loratoo<l ih.il tlif urtiatic skill 
. 'i;>eAkiug of rulitLea to applied, not pictorijil art; that which 
make your buiUiiiiga nul)!*.' workit of /irt, nt^ didtinguiaheil 
' lliHt whii.'h only c nubles you to make pleasant pictures of 
1. This htat-nniueU daw of art is not to oe deitpised. It will 
Jicr y<#iii iiilerfsts; if you art" altn^an arttat, in the higher and 
more ]inictic;il Hcnxe, jl will do good by comuieudiu;;; your good 
ilmigua tu public favour; while if you fail in skill of tliia higher 
< IfvN, it will du gr«at hanu, by obtniuiug iavoiur for your bad 
il»fxi(»nn. 

When real architectural art was highest, this pictorial power 
was not much cultivjitcd. It in not iufntitnrchiteciural nkill, "but 
only the means of promoting the adoption or the approval of 
your desi)<u», whether good or bad. As bad designera often 
r>oH.'«eaH it, or can oblatu ita aid, do not by any means neglect it, 
or you will give them an advantage over you; but always 
rcmemlwr that, like eloquence^ it is a mighty engine of good or 
evil, according ax that which it commends to popular favoor is 
noble or vile. 

The Hi'tivtic power, however, which I am urging yon to culti- 
vate M the ftower of making noble designs, and of clothing them, 
when circiiniatancea permit, with noble deoorutiun, whether iu 
tlie form of architectural carving, sculpture, painting or other 
.Ifoi^mttve art. The first part, the ))areut of a«tual architectural 
<ii'><ii;ii, lunnot be acquired without the most c.Hr»?fal. determined, 
and continued study of existing works, accompanied by a con- 
stant, tliough not a self-confident, critioisro of their merits and 
their fiulis. It is ridiculous to suppose ihsit such an art as 
architecture is to be learuiil without the most cnreful study of its 
existing pnKlucliouii, or that originality is likely to be developed 
upon a Uisis of ignorance; and it is eoually unlikely that excel- 
lence will be attained solely through the medium of knowledge, 
without the most jealous and cart-ful tmiuiug of the eye to the most 
ileliotkte and scrupulous yieroeptiou of the right and the wrong in 
lurm and proportion. The want of this is the most crying sin in 
modern architecture, especially, I fear, in this country. Continu- 
ally is the mor«3 cultivate*! eye ott'euded by iliscurda which iu 
lansic would set the very teeth on edge. I know not how to 
•dvidc you on this point. TImh delicacy of perception is in some 
degree intuitive; but that it i.s not wholly so is proved by the fact 
tli&t the works of some periods are nearly all harmonious, while 
•( other (leriods this harmony seems only occasionally to have been 
attained. The only rule I o\n suggest is the jealous cnltivatiou 
of the eye. As the greatest of moralists has said, " Keep thy- 
heort with all diligence, for out of it are the issues of life;" so 
may one say to the architect " Keep thine eye with all diligence, 
for out of it are the issues of art." Never allow your eye to get 
accustouied to, or to condone, errors of proportion even, in works 
which in other respects you venerate for the noble art which 
clothes them; and much less allow of any deliberate error in your 
lesigns. To avoid these blemishes, sketch your designa 
ver and over again, no matter how slightly and roughly, rejeo- 
Itlng ri^i«rou.sly everything against which the eye rebels, and 
ever jtermittiug a proportion which it has once condemned to 
remain even for a minute before you; for ocular perception is 
nioBl delicate, and its instincts may be blunted by dwelling even 
for a few seconds upon what its first impresaioo saw to be wrong. 
i2fever clothe a form with detiiil or with pleasant drawing till its 
fproporlioHH have been thoi-oughly sifted and rigorously corrected; 
land il you fear that yon have, by dwelling too long or too indul- 
ntly upon what you iL-ivo sketched, prejndice<l your eye in ita 
vour, put it away, atid attend to something else, or take the 
POpiniou of some unpteiudiood person ifi whose correctness of eye 
yoD have confidence; for tirst impressions of another will often 
oarrect your own. 

Aa to obtaining a knowle<1ge of architecture, I cannot too often 

or loo strongly urge careful sketching from first-rate esam^iles. 

Thf Mudful I'f L'hiRsic urchiteoture is under a disadvantage, nn its 

I'Ori^iu.il and best examples are in other lands ; but with those who 

tpursue (he oilier great brunch of architectural art, the case is very 

[airtervut ; foi though, in moat parts of Kurope, he will find con- 

Bl.nnt and evcr-vai ying objects of Study, he can never go far from 



home without finding among the roonument« of our own ccHiniry 
pnnluctiona equally deserving and e<]ual1y iu«trnctive. To the 
atudeut, then, of Gothic architecture I would couct-utrate oiy 
advice on this point in one word — " SKETCH." And if ajiyone 
advises the neglect ot thi», I assure you that be stands r/>«o/ur-/o 
self-CLindemned as a false teacher. 1 want you, however, to add 
to this a great deal more. I want yon to obtain distinct and 
precise instruction in art in all its bearings u(>on architecture. I 
want to urge upon you to study figurc-tlrawiug, animal-drawing, 
the drawing cif foliage wliether natural or architectural, the com- 
biuation of figni-es and animals with foliage, the designing of 
coloured decoraiiou in all its branches, and of every other decora- 
tive art which bears upon architecture. I want to urge u\K>a you 
the necessity for the Hvatematic learuing of all these kinds of 
drawing, and the obtaining of a perfect mastery of them ; and not 
only this, but that you should learu, iu some degree at leiist, tlie 
actual practice of these arts. Human life is nut long enough to 
do the Utter thoroughly; but now, in the days ofyouryuuth, yoa 
can do it to a certain extent, even at the sacrifice of a few frivolon* 
amusements. You have embarked on a noble art, — make its 
cultivation take the precedence of all inferior pursuits. To effect 
this, I am disposed to think that combination is necenarj. A 
society of students might be formed, and aided by others, fur ob- 
taining the best instructors in all these branches of art, which eaob 
studeut singly would find impossible. I earnestly commenti this 
to your united consideration. And above all, do it at once, or 
your own individual share in the coming reformation will be lost. 

I will only add one piece of advice to young architects : — 1l)o 
not make opinion a substitute for art. There is at all times an 
ever-varyiug set of opiaion.s afloat as to matters of art : and tboao 
who ride on the wave of the lastrreoeived opinion of their part^, 
be it good or bad, are apt to be viewed by themselves and their 
comrmniona as oracular, quite irrespective of tLeir own attainmente 
or skill, What I would, then, say is this : — Hold what opinions 
you like, so long as you make yourselves artists, and yoa will 
Come right in the un<i ; but hold what opinions you like, if you 
neglect to make yoiuwtlves artists, yon will never be good for 
much. 

1 will add another suggestion. Never let your appreciation of 
the demerits of the present age iu matters of art lead you into a 
sneering, supercilious, and ooulemptuous way of speaking and 
thinking of what you see ; but rather let it ini[>el you onwards all 
the more vehemently in making yourselves exiH^ptions to the cen- 
sure you pass upon others. We continually hear persons siteak- 
ing in a diso(^utented and hopeloss toue of coulemfit of what 
others are doing, without exhibiting any very strong sigus of 
exertion to acquire real powers of art themselves. I urvre you to 
reverse this habit, and learn to think kindly and favourably of 
the elTorts of others, while you keep up a rigorous censorship over 
yourselves. And make all you see in others, whether of success 
or of failure, act aa only so many incentives to the determinedl 
pressing forwai-d of your own artistic training. 

What I have urged respecting the artistic education of til** 
architect himself, applies almost precisely to that of the archi- 
tectural art- workman. He hiis an easier task, because bis etForttt 
are concentrated upon a single art ; while, on the othn 
sutlers severely from his very limited facilities of ol 
struotions and of seeing objects worthy of his study, im- .•mii, 
however, is precisely the same; and I would say to the art-work- 
man, as to the architectural student, make yourself r •'' 

artist; jealously cultivate a delicate accuracy of eye: 

8tu<ly the finest productions of your art in ita best days ! 

to all this (or I would rather say, unite with it, and thorouLi .> 
mix up with and knead into ita very anbstauce) a ooum. nt. 
devoted, and loving study of the productions of nature, wb^ : > ■ 
animal or vegetable. 

I think, with art-workmen as with architectural student <. ' • 
greatest hope of obtaining a real artistic training would !• 
combination for 8elf-improven)ent — a clubbing together to ••Ij... i. 
instructions in di-awing, &c. I would especLiily urge the coh ,.. 
tion of figure and animal drawing. In this our carvi i 
the most deficient, and tothistbeybhoulddirect their be^i 
not so much with the direct object of bec^jming figui-e .scui; 
as to fauilitate the free introduction of animal life in couil>;i 
tion with architectural carving, a power which our best cjn > 
very rarely pos^sess, but which is absolutely necessary to ;i 
perfectiiit; of their art. 

Now with the actual student, aa distinguished from those ■> ' 
have made a c«rtaiu degree of proficiency, there can be no duui 
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troiil<i he highly nseful. Generally, however, the architect may 
Btady theae aufiicieutly from the actnal buildiogs, and their 
tectiona can more accurately be repreeeuted on paper thao in 
plaster. It is, however, of the atmost importance to obtain cjists 
of them wherever they come in contact with sculpture or foliage, 
and where they are enriched in any degree by carving. Thus, 
where a caat i8 made of a capital, the abacas, a portion of the 
•haft, and perliaps a short length of the arch mouldings which it 
snatain!), should in many ca-iea be caat with it, so as to illnstrate 
it a8 a whole, and that the art-workman or student may see the 
carved work in connexion wiih its nntnral accoropaoiments. 
Again, where oertiin orders, or parts of arch mouldings, are 
enriched with carving or sculpture, those nut so enriched should 
be represented with them, that the grouping of the whole should 
be represented, and the mutual influence of the plainer and more 
ornate parts one upon another may be illustrated. 

I have thought it necessary to premise with what is properly 
only a matter of detail, by way of limiting the vnstneaa of the 
field which is open to us; for, ao endless is the variety of our 
style and the richnesH of its resources, that a collection which 
would worthily illustrate it will occupy a somewhat incon- 
veniently large space. In forming however an Architectural 
Mnseum on a scale worthy of being called national, great space 
is an absolute necessity ; and it U of little use to make the 
attempt without boldly facing this primary fact. 

It is known only to those who have for years been in the habit 
of visiting and diligently studying and sketching from ancient 
btiildings what an inexhaustible fund of exquisite and ever-vary- 
iiig art we have to draw from ; though it is not by any means 
easy to obtain the specimens most needed. It is, in fact, in many 
cases only through the intervention of the architects engaged in 
the repairs, and only when repairs are going on and scaflbldings 
erected, that the mnst valuable works in our great buildings 
can be reached; while in buildings of a humble class it is 
architects alone who know where such works of art are to be met 
with. 

One great distinction between a national museum, for which 
considerable funds could be procured, and a private one like our 
own, is that much larger objects can be obtained. It is often 
most desirable to possess caats of entire doorways, or their sculp- 
tured tympana, tombs, rercdoaes, &c., so as to show the work as 
a whole, instead of in a number of small and disjointed portions. 
A private society like our own can very rarely do this ; but in a 
museum supported by public funds, it would readily become 

iiracticable ; indeed, the largest of such objects would not. per- 
laps, cost more than is sometimes expended on a single specimen 
of majolica. 

It is not, however, our own architecture alone which must be 
illustrated. The contemf)orary art of other countries has equal 
demands upon ua; nay, in one sense greater, inasmuch as, if our 
art-workmen find it difficult to visit our own ai-chitectural monu- 
ments, they will lind it imposaible to visit those of foreign 
oonntries. 

The Gothic architecture of France is the elder sister of our 
own ; and, if Dot more benittifui, possesses beauties and varied 
expressions of its own, whifh must ever secure to it the earnest 
luve and devoted admirutinu of every student of Mciiiieval art. 
Our own architecture can hardly be correctly understood without 
a knowledge of that of France. Their origin, development, and 
history nro so linked and entwined together, that without the 
knowledge of both they cannot be fiiirly studied or appreciated. 
France, too, tunk the lirst place in art — as in arms — amongst the 
nations of Mediajval Europe. Her art productions may, there- 
fore, be viewed as the normal types of (jnthic architecture ; and 
aa such they claim a full illustration in a museum of the archi- 
tecture of those periods ; and there is a holduefls and nobility of 
treatment about them which e.<!ipecially commends them to the 
most diligent study of the arch i tee tui-aj student and workman. 

French architecture must therefore, in such a museum, be 
illustrate^l as fully and as voluminously as our own ; nor can I 
conceive of any field of illustration so glorious or ao eminently 
useful aa this. 

The Media val architecture of Germany and of Italy has claims 
only second to those of Prance. Indeed time would fail to enu- 
merate in the ronghe.<?t manner the glorious works which should 
Hud place in such a museum. 

Tliey must illustrate each element of architectural ornamenta- 
tion and iletail throughout its chronological course, and through 
tiie several countries where our architecture prevailed ; giving, 
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however, a dne preponderance to the beat periods, the 
examples, and the countries where the art possessed the f 
characteriBtics. 

The period claiming the greatest amount of illustration, at! 
in Northern Europe, may be roughly said to embrace two 
centuries, — viz., the great thirteenth, and a moiety of the prece- 
ding and succeeding centuries; that is to say, from a.d. 1150 to 
1350. Fjarlier and later periods must be fairly represented; but 
this interval contains the real vigour — the pith and marrow of 
Mediaeval art. 

Mediaeval architecture demands however, for its elucidation, 
that certain styles which preceded it and from which it drew its 
first inspiration should also be duly illustrated. I refer to the ^^ 
Byzantine and the Italian KonmneHOue : e^ich including thi^H 
branches by which it was led through other countries, and especi'^^H 
ally through Germany and France, with the changes it underwent 
by the way. 

I have taken some pains in my lectures, delivered at the Royal 
Academy in 1858, to show how direct was the influence of Byzan- 
tine art upon the architecture of France in the twelfth century^ 
The foliage and the figure-carving, ao well known in the earlic 
French Pointed works of the latter half of that centnry, are 
the most part directly derived from Byzantine carving and 
drawing, with a certain degree of influence from Italy, whirfl 
was herself drawing freely u}>on Byzantine art. It is clear there- 
fore, that to illustrate Mediieval architecture properly we mast|g 
possess ample specimens of these its parent styles. 

The classification of specimens maybe divided into thnoe whic 
are elementary and those which are in a less and in a great« 
degree combined into complete and applied architectiiral featur 
Thus we must illustnite in its more abstract form the bistor 
and progress of architectural foliated ornamentation; showing^ 
how it had taken, during the darker ages, that strange form 
which is sometimes designated as Runic (though whence derived 
it is difficult to say); how this was long used side by side with 
foliage derived from debased Classic remains ; how a distinctly 
Byzantine tone was imported into the art, during the twelfth 
centnry, both in France and Germany; how this in process of 
time developed itaelf into a new and original style of foliage, siioh 
as we find in France, England, and Germany, in the earlier years 
of the thirteenth century — the noblest and the most perfect con- 
ventional and architectonic omanientatjon M'hich has, perhapt*, 
ever been generated; how by working this gradually up toward*^— 
nature, the artists at length fell back implicitly upon Naturfl^H 
herself; first using rntural foliage of the most exquisite kin^H 
imaginable side by side with the architectonic, and at length to 
itsexclusion; and howat length a new and inferior conventionalism 
supplanted it — a conventionalism of departure from, as the other 
had been one of approach to, nature. 

In the same manner we must itluatrate the accompanying pr 
gress in animal and figure sculpture: how the barbarism of 
northern nations daring the darK ages became gradually enlight-' 
ened by an infusion of Byzantine art; how thi.s art gradually 
softened down it,q rigid severity and gave way to the noble sculp- 
ture of the thirteenth century, — imperfect in academic oorrecU 
ness, but full of noble sentiment and of high aspirations after 
artistic perfection, unhappily not at that time fully realised, but 
which it is our place — would that it may be our lot — to carryj 
forward to its legitimate results. 

Then we must illustrate the history and use of these a& applic 
to architectural features ; we must show the historical progress < 
foliated capitals,— In itself a wide subject of historical and artistii 
inquiry, and of study for our own actual use and instmctiou: we 
must, in the same way. show the history of foliated enrichnients 
in mouldings, arches, cornices, and all architectural details to 
which it is applied : the development and changes in surface oi^ 
naments of all kinds, and of the union with all these of repre- 
sentatiooB of animal and human life. Then we must, in lar]ger 
specimens, show these elementary details combined into greater 
architectural compositions, and united more directly with figure- 
sculpture. To do this we want, as I have already stateil, complete 
casts of entire doorways, or, where imjmiCticably large, of por- 
tions of their arches, of perhaps their entire jambs, and theifj 
sculptured tympana ; casta of celebrated tombe, of pulnita, 
fonts, &C. Then, again, we want the history of niches and tut 
nacle work — itself a most fertile subject, and demanding castij 
often on a magnificent scale: we want the history of crockets^ 
finials, foliated crestings, and a thousand other architectnml 
elements which it is impossible in such a paper aa this %o eu^ 
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aante. The work before us is a tmlj glorious one, and it only 
nqttirea to h« takeu up in a spirit worthy of its claims to make 
the mult in the highest degree noble and beneficial. I must 
bowerer add one word, — that casts alone will not d<t all which 
i» wanted: they must be accompanied by photographs, and ofteD 
ij M B — ored drawings. 




ON THE LAYFNG OUT OF RAILWAY CURVES. 

By Thomas Carojll, C.E. 

A great deal baa been written from time to time, and much 
valoaole information afforded by vju'ioas scientitic men, ou this 
important subject, bat as yet, I believe, no fair comparison of the 
relative merits and demerits of the different methods generally 
employed in laying out railway curves has ever been placed 
before the profosaionnl public. Tiiia may partly arise from the 
fibct th.it authors and inveutoni are n.ituraily more inclined to 
laud the iufallihility of their own productions than to award 
what is due to the claims of others. I propose in the following 
investigMtiou to give a short description of the most useful 
methods for accomplishing the above purpo:?e, and to point out, 
as fiir .IS I am able, their relative advantages and disadvantages, 
leaving the reader to form his owu pruclical conclusions on the 
subject; it being certaiuly a matter of some consideration to an 
eer, engaged, perhapa for Ibi': first time, in staking out some 
twelve miles of a line, to be eu.ibled to form a correct judg- 
"Oiint respecting the best raeiius to accomplish his object with 
accuracy and economy, without inconsiderately sacrificing one to 
the other. 

The ranging the straight portions of a line is ao simple an 
afiair, that with ordinary care and attention an error is scarcely 
powible; it is in the curves that errors are liable to be made, 
which are often not perceived until half the curve is laid out, and 
even sometimes are only discovered by the curve not coming in 
•tits proper springing point; thus necessitating a repetition of the 
process of putting in the curve, and, in .addition to the loss of 
time and lalmur incurred, the personal annoyance and vexation 
ose eaperiencea in being obliged to go over the same ground 
twice. 

Of the numerous methods at present known, some have been 

furnished by scientific persons laying no claims to professional 

pmctice, nnd eniisequently are of a purely theoretical nature; 

while otiiers, though practically available, are only calculated to 

meet the requirements of such very exceptional coses thnt their 

Utility is exceeilingly questionable; there are a few methods, such 

as hlr. Gravatt's and Mr. Froude's, which have been used at 

^ifierent times since their introduction in about 1840, but they 

" ave failed to come into any general nse. Excluding all these 

ils, for obvious resBons, ansuitable to the present subject, the 

■S-vmainder may be classed nnder two heads: Ist, the methods by 

ofiWetji which dispense with the use of an angular instrument; 

mid 2ad, the methods which lequire the use of such instruments, 

or the methods by angles as they have been called. In laying 

out curves by the former methods, the necessary instrnments are, 

chain, ranging-rods, offset-staff, or tape where the offsets exceed 

10 feet in length. In the latter the offset-staff is replaced by a 

heodolile (plain or transit), or a portable altitude .ind arzimuth 

■instrument might be nscil if a theodolite could not be obtained, 

ihough the preference should always be given to the theodolite 

:is the proper instrument/xir excellence for laying out curves by the 

Vkiethods of angles. 

In the following investigation, I shall take Rankine's method 
as the best example of putting iu curves by means of angles, 
partly beoanse this elegant aud generally useful method is be- 
coming more and more adopted every day; aud partly becaosc 
the other examfiles of a similar kind which have come under my 
observation are base<l upon the assumption, that the springiuga 
(that is the commencement and termination of the curve), or 
each springing, and the intersecting point of their tangents, are 
visible from one another— a condition which rarely ocoon in 
pr«£tice. 

In the diagram Fig. 1, let S, 8, be the terminations of two 
straight portions of a railway which are to be connected by the 
curve SPSp S, S, will thus be the two springings of the curve, 
P A f>oiut iu the middle of the curve, commonly but erroneously 
called the secant point, and I the intersecting point of the 
to the curve, or straight portions of the line. It may be 
that in all the methods included under the fint head, 




where no angular instrument ia employed, the springings cannot 
be obtained with any great pretensions to accuracy, for they 
must of necessity be taken from the plan; and one cannot reason- 
ably expect to go nearer the truth than 5 or 6 feet ou the present 
scale of our parliamentary plans. 

I shall suppose the staking out of the line to have been pro- 
ceeded with aa &r ae S, which will be the commencement of the 
curve or first springing, and that the stakes arc driven at regular 
intervals of 100 feet apart, both iu the straight and curved 
portions of the line; I shall also assume, for simplicity's sake, 
the point S to be at one of these stakes, Jilthough it ia right to 
mention that, when the springiuga are obtained by the use of a 
theodolite — that is, generally, by observing the angle of inter- 
section SIS, (Fig. 1), calculating the length of the tangent IS, 
and chaining to the point 8 — the chances are that it will never 
coincide with one of the 100 feet stakes; on the contrary, by the 
methods by offsets where S is assumed, it would be sufficiently 
accurate in the majority of caaes, and far more convenient, to 
take one of the regular stakes as the springing, and thus save 
the calculation of an additional oM'set. 

In Fig. 1, letjPj, p.^ p, be poinu in the cnnre 100 feet apart; 
and let us now examine the manner in which their positions are 
determined, confining our attention, for the moment, to the left 
band half of the figure, which will serve to demonstrate the 
principles of Bankine's method aud the common method by 
of&ets. In the latter method the measured distances B<^, p,d„ 
Fio. 1. 




p, i^ and in the former Sp^, PiP^, PjPj, are assumed equal to the 
arcs Sp„ PxPd p^p^ This is practically correct within certain 
well-known limits, and when necessary the error can be reduced, 
either by calculation, or by driving the stakes closer to one 
another — say 50 instead of a 100 feet; this however is not re- 
quired except iu very sharp curves. 

By the method of offsets the point p, is obtained by chaining 
the distance Sd = 100 feet, ana laying off at right angles the 
calculated offset dp^; similarly the point p, is obtained by chain- 
ing p,d, and setting off dyp^, and so on. By the other method, 
suppose the theodolite pLiuted at S, the angle ISd, is laid off = 
angle tor one chain, and the chain stretched from the point S; 
where it interaects the " line of direction" given by the instru- 
ment will be the required point p.; the point p, is obtained by 
setting off the angle ISp^ = twice tno former angle, and inter- 
secting the " line of direction" by the chain, one end being firmly 
held at the last obtained point p,; and ao on until the nature of 
the ground renders it necessary to remove the instrument to one 
of the stakes whose position has been previously determined, 
when the same prooeas ia resumed and continued to the end of 
the curve. 

It is evident, at firat sight, that, by the former method the 
position of any point in the curve depends absolutely and entirely 
on the position of the preceding ones; this however is not the 
case where the theodolite Is usecf; for, take the point p, for in- 
stance, the "line of direction" of this point suj given by the angle 
lSp2 is totally independent of the position of the point p,; and it 
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should be obaerved ttat the " lines of direction" na 1 have called 
them are obtaiued with a precision peculiar tu instumeatal 
agency, and to which the most practised and dexterous mauipu- 
lation of the chain and offset-staff can never attain. It ia true, 
notwithstanding this, that any error in the chaining would cer- 
tainly produce an error in the position of the point p^; but, in 
oar present comparison, it is equally just to assume the errors 
incidental to chaining as common to both methods, or, what 
amounts to the same, to consider the chaining accurately per- 
formed, we then have the accuracy of laying otf the offsets 
balanced against the accuracy of the theodolite; the dtflBculty of 
performing the former correctly increases with the length of the 
oflSiets employed; or supposing the measured distances constant, 
inversely as the radius; the reverse happens with the theodolite, 
for, as the angles to be laid off are thus increased, the " lines of 
direction" are, a fortiori, more likely to be accurate. 

Progressive errors are common to both these methods, but the 
points P and S, act as certain and reliable checks in the latter, 
respecting both distance and direction; these checks are wanting 
in the former method, and in fact, all that can be done is to lay out 
the carve as accurately as possible, and take the chance of it 
coming in at the point S„ which chaoce, especially if the curve 
be a long one, is very small indeed, as may be imagined, when 
the inventor admits that in many cases "the curve has frequently 
to be retraced several times before it can be got right."* 

There are certain exceptional cases however, in which this 
method, on account of its requiring so few preliminary calcula- 
tions and lines on the ground, is invaluable; for instance, where 
any intermediate stakes in a curve have been lost or destroyed, 
a« frequently occurs during the progress of the works of a line; 
by simply producing the chords joining any two stakes, and laying 
off the correct distances and offsets, the missing stakes can he 
restored with remarkable ease and facility; also in road apn 
)m>achea, road diversions, &c., and all similar instances where 
the curve is short and great accuracy not required, this common 
method will be found very useful. 

In order to obviate the progressive errors arising from using 
such short distances as one chain, greater lengths may be taken 
and the proper offsets measured from them, but, as the regular 
stakes would have to be put in afterwards, this modification of 
the preceding method, besides being liable to the same errors, 

Fio. 'i. 





involves the absolute necessity of putting in the curve twice at 
least. The right-hand portion of Fig. 1 series to show the demon- 
stration of this; the errors due to progression being reduced by 
calcuJating the distance S>E, so that the measured offset Ep, may 
serve as a check on the point p^ one of the regular stakes to be 
afterwards filled in. 

It may be ur^d as an objection to the method by angles, that 
» great deal of inconvenience ami delay is incurred, in chaining 
the tangents IS and ISi (Fig. 1), in order to obtain the accurate 
position of the springings of the curve S and H^; these points, 
nowever, may be accurately found in another manner whenever 
the middle point P in the curve is previously determined; for, 
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let the instrument be set np over P and the angles IPS and 
laid off, each being equal to ninety degrees plug half the an 
in the whole curve, which give us the " lines of direction " 
and PS„ and all that remains is to produce them until th' 
intersect the two straight portions of the line in S and S^ : ihl 
nature of the ground will be the best guide respecting which of 
these means should be employed for the above purpose. 

Another example of the methods by offsets is shown in the 
diagram (Fig. H), in which SPSj is the curve, and the remaindei^— 
of the figure is self-explanatory; taking the left-hand portion c^H 
the diagram first, it will be seen that the distances are me.i8ure^^H 
along the taneent line S,, and the offsets measured perpen- 
dicularly, which,, it is manifest, in long curves of small radius, 
would assume such lengthened proportions as to render it impos- 
sible to lay them off accurately : were our railways now con- 
structed on the same principles respecting curves as the Great 
Western and a few other lines, there would be no fear of this 
result; but unfortunately, in the present system, curves of three- 
quarters and haJf-a-mile are of common occurrence, and sharper 
ones are occasionally employed; as a rule, to insure the proper 
degree of accuracy in the points of the curve in the example in 
(Fig. 2), the length of the curve should not exceed one-fourth of 
its radius, so that this method becomes inapplicable to curves 
possessing radii of the above dimensions, when their length is 
greater than from one-eighth to one-quarter of a mile, which 
Mat is even a very short curve. This example has an advantage 
over the first described in (Fig. 1), inasmuch as the progressive 
errors cannot go beyond half the curve, for the offsets for the 
remaining half are obtained from an independent datum — viz., 
the other tangent line S,T ; the liability to error is also further 
lessened, in cousequence of the direction of the lines along which 
the distances are measured remaining constant, instead of re- 
quiring to be changed for every offset, as io the example given 
before : this advantage is partially lost in long and sharp curves, 
when, in order to keep the lengths of the offsets within proper 
limits, it becomes necessary to run two or more tangent lines as 
base lines, to measure the offsets from, as shown on the right- 
hand portion of Fig. 2; in fact, it amounts to this, that in order 
to reduce the chances of error in one direction we are compelled 
to incur the chances of making tbeiu in another. In the place of 
meaauciug the offsets perpendicularly to the tangents, they may 
be set off in a radial direction whenever the centre of the curve 
is visible from the necessary portions of its circumference; but 
this is a case which very rarely occurs in practice. When the 
curve is short and the radius large, these two methods approxi- 
mate very closely to one another, for the difference between tha 
offsets measured perpendicularly and those measured radially to 
the tangents becomes very small. 

There ia another example of laying out curves by the method 
of angles which is worthy of notice, though, in reality, a modifi- 
cation of the method mentioned above; the same principles and 
preliminary calculations are available, but tlte position oi the 
points are determined by the intersection of two "lines of direc- 
tion" given by two theodolites working at the same time, the 
iuteruiediatecbainiug bttiug dispensed witli. The diagram (Fig. 3) 
will serve to render this dear. J/et SPS, be the curve, and we 
will take a case in which, as often happens, the spriogingi^ 
though not visible to one another, can be seen from P the middle 
point of the curve. Suppose it is required to put in the stako 
Pf. let one theodolite be set up at S, and the other at P; by the 
former let the angle ISp^ be laid off, and the " line of direction" 
Spj obtained. The line Pp^ is similarly obtained by the latter 
instrument, and the jxiint of their intersection is the position of 
the stiike P^. Tliis methoil has the advantage of all others in 
being perfectly independent of the irregularities of the ground, 
hut it is very seldom used, as it requires the services of two en- 
gineers, and one ia generally considered sufficient for the staking 
out of each allotted portion of a line of railway; moreover, unless 
a skilful assistant were employed capable of comprehending the 
method in lieu of an onlioary chainmao, too much time would 
be wasted in shifting about before the pi^iut of intersection of 
the " lines of direction" of the two instruments could be deter- 
mined; it ia clear however, that in certain cases where it was 
required to obtain the position of a stake which could not be 
chained to in the ordinary manner, it might be well worth the 
time of the engineer to first range the " line of direction" by 
laying off the proper angle for that stake, and then shift his 
iafltrumeut to some other previously determined point in the 
curve, and Lay off another "line of direcUoo," their iuteneotioB 
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giring the required point. For instance, let it be necessary to 
pnt in tliG stnke p^ in the right hand portion of (Fig. 3), wliich 
tomes on the bunk of a river through n |»nrt of which the line 
goeA, supptwe the instniraent net np at P and the "line of direc- 
tion" Fp^ rrtnjjetl, thi-u removed to the point S^ and S,Pa obtained, 
and the position of f>„ is doterniiued. 

I have hitherto purposely abstained from giving any formula 
or calculations required for the diirerent methods described, as 
ihey are mostly to be fomid in books on the subject; yet it may 
not be out of place to mention one general fornmia for the method 
of anglea, which I think will be f'otiud aaefiil from its great sim- 
plicity and facility of ctilculation. Let » =: any length of arc, r 
the radius of the curve, and 6 the required angle for that length 

of arc; tfien ■= ~ ; $ being the angle between the chord 

and tangent of the arc, and thus obtained in degrees and deci- 
mals; putting a =. 100 feet we have in round numbers 

28Go 
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radins of curv®' 



Having now iiiV(!.sti..'.ifi d the methods in ordinary use among 
praotiliouer!- it i.i>.iiL' ".it railway curves, it must be left to the 
reader to form liis uwn eoncluslon.s respecting their different 
inerita, and of the method wliich is most worthy of general 
adoption; although, at the same time, it should be borne in miml 
th»i they may all prove advantageous in exceptional cases — but, 




in reality, the best provision against exceptional cases, lies in the 
resources of the engineers' own skill and ingenuity in the appli- 
«:atiou of a few, rather than in the em|duyment of "a multiplicity 
«jf methods calculated to meet a variety of contingencies. Those 
given above will be found to amply suffice for every case which 
coald occur in practice. 

It is much to be regretted that sharp curves are of such fre- 
mient occurrence in our i>re.Hent system of railway making, and 
that what was fonuerly the exception has now almost become the 
rale. This may be partly attributable to the desire to avoid any 
great additional expense which would he incurred in constracl- 
iDg thsoe portions of the line with a curve of larger radius; or 
to escape the enormous outlay often necessary in parliamentary 
proceedings (the greatest blot iu our railway legislation) to 
withstand the opposition of land proprietors hostile to the in- 
tended projects, and through whose land the line would pass. 

It is the manner in wliich our railways are laid out whicli 
▼IrtuaUy puts a limit to the average speed which can be reached 
on them; the power necessary to produce a certain speed can be 
readily obtained, but where would be the utility of constructing 
loooroolives capable of attaining with an ordinary passenger- 
train a speed of from 70 to 80 miles an hour, when it would bo 
inconsistent with wifety to run at a higher speed than 40 or oO 
luiles an hour 1 It is in vain to suppose that the twofold advan- 
tages of high speed and security can be obtained on any line 
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where liiere ia a frequent repetition of curves of less than one 
mile radius; yet there are doubtless, at the present moraent, 
trains running over curves of euch radii at velocities which are 
highly dangerous, and which our late eminent eDRinecrs — 
Brunei and Stephenson — would have disapproved of in the 
strongest terms. 



SUBTERRANEAN RAILWAY IN PARIS. 

It appears that the French are about to construct a snbter- 
rariean railway in their metropolis. We do not hesitate to 
express our doubts as to the success of the undertaking as a 
speculation. Paris is not like London. It does not lack room 
for circulation of all its vehicles in the busiest thoroughfares. It 
has no trade, of any importance. The " Chemin-de-fer de celn- 
ture," which forms a belt round Paris, Irauaports the goods 
which arrive from one side of France, to the railway which will ^^ 
convey them to the opposite provinces. There i^i no need of a ^H 
'* Pickford," or a " Chaplin and Home," in Paris. ^" 

The following ia the scheme proposed by M. de Hir: — The 
" Paris Railway," as he terms it, is to be of a single line only, 
except in the stations &c., and is estimated at f>!JO francs (£34) per 
metre; it is to follow the line of boulevards, the quays, and the 
principal streets. Partly in open cutting, and i>artly in tunnel 
(as in London) from 50c. to Im, below the surface of the street, he 
says, that no sewer requires to be diverted, a few only must be 
lowered in the crown, in the higher portions of the town, where, 
inclination being very favourable, the water will always find its 
course; some drains must be diminished iu height altogether 
from 50c. to 75c., and widened out lo give the same watei-way as 
before. This line is to cross over the two branches of the Seine 
and the St. Martin Can:d by means of swing bridges. 

The fare for conveyance from one end of Paris to the other, such 
as from the Bois de Bologiie to Vinoenues, &c., is tixed at 5 ceu- 
timea (a halfpenny) per pcraon for all classes. Forty-seven sta- 
tions in the underground railway will communicate with the 
seven st^itiona and goods sheds of the railways now entering Paris 
from the provinces. 

One advantage may accrue to the present sanatory arrange- 
ments in Paris by this railway — viz., the transport of the con- 
tents of cesspools, &c., which are now csirted through the streets; 
but the cnristrnctors must take every pi-ecauLion against the 
danger of the whole train dnding itself en/orer, some day, iu one 
of the catacombs. 



ARCHITECTS' CHARGES. 

Tub subject of professional practice — -more particularly in rela- 
tion to architects' charges — has recently attracted the attention of 
the Institute of British Architects, and their Committee on Pro- 
feasitHial Practice has prepared a re|x>rt on the subjftct, which, 
after being considered nn<i altered at three special meetings, has 
been adopted ."ind circulated. 

The iTn|)orUince of some standard for reference in the matter of 
fees, and some authoritative statement of what the practice of the 
best members of the profession has usually been, renders such ft 
report as the one now under consideration very valuable. We 
believe that it will be found to provide for most of the cases which 
oniinarily occur in practice, and that the charges here named are 
such as will be admitted to be &ir both to the architect and the 
employer. 

The subject has been before some of the provincial Sdcietiesi, 
and tables of fees have been drawn up by at least two of them — 
these are less ample than the one furnished by the Institute, and 
of course must be admitted to be less authoritative. We hope, 
however, in our next number to furnish them; and it will be 
then seen that they agree pretty closely with the subjoined 
statement. 

" PsoFKiaiONAt. PSACTICB ASH ChAKGEB OF AbOBITXCTS, 

Beinr/ thote now vfuoi/y cmd pnperlif mad*, as eonjinned at the Sptcial 
GtncrtU Meetingt of the Royal Inttitaie of DriHsh ArchUeett, htid 
\2th and '27th Janu<iry, 18t)2. 

New BuUdimj*, li-c.— The usual remuneration fur an aroliitcct's ser- 
vices, except as hereinafter nivtittoued, is a coiiuuiuion uf 5 per cent, 
nn the total cost of the wurkti executed fmm his designs ; liesides which, 
all travelling and other incidental expenses incurred by the architi-ct atv 
paid by the employer, who in also cbM-ge«bIe under oertiun conditions, as 
tkoreafter meotioned, for time occupied in travelling. But for all wurlm 
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in which the art lequired is of a high kind, and the expenditure mainly 
for skilled labour and not for materuls, e. g. in designs for the furniture 
and fittings of buildings, for their decoration with painting or mosaic, for 
their sculpture, for stained glass, and other like works, the architect's 
charge is not made by way of commission on the cost, nor does it depend 
upon the time employed in making the design, but is regulated by special 
ciroumBtances, and varies according to the skill and artistic power of the 
architect. 

A commission of 2^ per cent, is to be charged upon such works as 
sculpture, stained glass, and others of a similar nature, for which the 
azohitect does not give the design, but arranges with the artists or with 
the tradesmen, and directs the work generally. 

In works under £500 in amount, 5 per cent, is not fairly to be con- 
■idered as remunerative, and in such cases it is just to the employer an 
weU as to the architect, to charge by time or by a scale, varying from 
10 per cent, for works under £100, to 5 per cent, on amounts above 
£600. 

Hie oommiBion is reckoned upon the total cost of the works, valued as 
if executed enturely by labour and of new materials provided by the 
builder. The commission is to be charged upon the whole value of the 
work executed, with the addition of 24 per cent, upon any omissions : 
this is exclusive of the charge for measuring extraa and omissions. The 
aichiteot is entitled during the progress of the building to payment on 
account at the rate of 5 per cent, on the instalments paid to the builder ; 
or otherwise, to half the commission on the signing of the contract, and 
the remainder by instalments as above. 

levelling. — All travelling expenses are to be charged extra. These 
roles suppose the work to be executed within an easy distance of the 
ircihitect's office; but if the work be executed at a considerable or incon- 
venient distance from it, an allowance beyond the 5 per cent, ought to 
be made for the time occupied in travelling, in addition to the actual 
expenses. 

Extra Servicet. — ^The per-ceutage does not cover professional services 
m connection with negociatious for site, arrangements respecting party 
walls, or right of lights, nor services incidental to arrangements con- 
sequent upon the figure of builders whilst carrying out work; but all 
such services are charged for in addition, the basis for charge being the 
time employed. 

Alterations in Z>e«i£rn.— Supposing that the employer, after having 
■greed to a design, and hod the drawings prepared, should have material 
werations made, an extra charge may \>o made according to the time 
occupied. If the architect should have drawn «ut the design complete, 
with plans, elevations, sections, and specification, ready for estimate, the 
oharse is half the usual commission above named. If the architect 
should have, in addition, procured tenders in accordance with the in- 
gtmction of his employer, the charge is one-half per cent, extra to the 
above. 

AUerationt of Buildings. — For works in the alteration of premises, the 
remuneration may be increased according to the time, skill, and trouble 
involved. 

Duties of the Architect. — AU of the following requirements for build- 
ingB are included in the ordinary ch.arge uf 5 per cent. : — 

Preliminary sketches. 

Working drawings and specifications sufficient for an estimate and 
oontraot. 

Defauled drawings and instructions for execution. 

€leneral superintendence of works (exclusive of clerk of the works.) 

Examining and passing the accounts (exclusive of measuring and 
maJcing out extras and omissions). 

No additional remuneration is due for making such a rough estimate as 
may be obtained, for instance, by cubing out the contents. If a detailed 
estimate be framed, additional remuneration is due from the employer. 
An architect is bound, under the 5 per cent, charge, to provide one set of 
drawings and one set of tracings, with duplicate specification ; it being 
onderBtood that the architect is paid for the use only of the drawings 
and specification, and that they remain the pn)perty of the architect. 

Estates. — The charge for taking a plan of an estate, laying it out, and 
arranging for building upon it, !<houl(I be regulated by the time, skill, 
and trouUe involved. For actually letting the several plots (in ordinary 
caees) a sum not exceeding a whole year's ground rent may be charged. 

For inspecting the buildings during their progress (so far as may be 
neoeseary to ensure the conditions being fulfilled) and finally certifying 
fur lease, the charge should be a per-centage not exceeding; one-half per 
oent. up to £5000, and above that by special arrangtimeiit. All the 
above fees to be exclusive of tmvelling expenscH, and time occupied in 
travelling, as before mentioned. The charge for the above does not 
include the commission for preparing specification, directing, superinten- 
ding, and certifying the proper formation of roads, fences, and other 
works executed at the cost of the employer, nor for putting tbe plans on 
the leases. 

VeUuations. — The following definite charges are rccog lised for valua- 
tion of property. The charge throughout is 1 j t r c ; it. on the first 
£1<.00 and one-half p^r cent, on the remainder up to £iO,000. Below 
XIOOU and beyond £10,000 by spec.al arrangement. These charges do 



not include travelling expenses, nor attendance before juries, arbitr«torS, 
&c. 

Per Day. — The charge per day whidi may be made by arohitectB 
depends upon their professional position, but the miniTiniiTn charge is three 
guineas per day. . 

Dilapidations. — The charge for estimating dilapidations is 5 per cent. 
on the estimate, and in no case less than £2. 2s. 

Quantities. — It is not desirable that an architect should supply to 
builders quantities on which to form tenders for executing his design ; 
but in case of such being done it should be with the concurrence of the em- 
ployer and the architect should be paid by him and not by the builder." 



MACCORD'S DIFFERENTIAL PLANETARY GEARING. 
Communicated by Oliybr Byrme, CE. 

The Differential PlanetHry Grearing to be described is the 
invention of Mr. C. W. MacCord, of Hackensack, New Jersey, 
U.S. The woodcuts represent one of its moat simple and useful 
modifications aa arranged for the multiplication of power. P is 
the driving pulley, on the shaft of which «, is keyed a transverse 
arm b, in which is the bearing of a journal e, on which are 
secured two spur-wheels d d', geiiriug respectively into other two 
spur-wheels D D', whose axes are comcident with tliat of ». Of 
these two wheels, one D', is fixed to the framing, being drilled 
for the passage through it of shaft a. The other D, is free to 
rotate, and its sliaft o, is that to which the increased power is 
transmitted. It is evident that, things being thus arranged, a 
rotivtion of P will produce a revolution of the wheels d d" around 
the wheels D D', and that this revolution will, by the action of 
the fixed wheel D', cause the wheels d</' to rotate upon their axis; 
that, na the wheels gear internally, the direction of this rotation 
will correspond to that of P, and that consequently the rotation 
of d will tend to cause D to rotate in the opposite direction. And 
since the velocity with which d' rotates is to that with which it 
revolves in the inverse ratio of the diameter of <f and D'; and 
since the directions and velocities of the motions of d are the 
same as those of d', it follows that if this ratio be equal to that 
subsisting between the diameters of d and D, the velocity of D 
will be the same as that of D', which is none at all; and uiat, if 
there be any difference between these ratios, then the ratio 
between the antecedent motion of P, and the consequent motion 
of D, will be a function of that difference. 

The operation may be investigated mathematically thas, — Let 
d d', D £>', denote the diameters of the wheels marked with these 
letters respectively; let i» v' deuote re8|)ectively the velocities of 
the rotation, and of the revolution of the wheels d d'; let V V 
deuote respectively the entire velocity of D, and that which the 
rotation of d tends to impart to it; and let U' U deuote the entire 
velocity of D', and that which is due t>> the rotation of d* only. 

We shall then have the geuenil equations, — 

(1) ± - = ± t and (3) ± V = + V± f;" 



(^) ±?=±i- 



(4) ± U' = + U ±v' 
Now subtracting (4) from (3), (5) ±(V'-U')= ±(V-U) 

But from (1), (6) ± V= + ^ and from (2), (7) - +U = ± ^ 

Substituting these values in (5), ±(V'—\J')= ± (^ — -^, ) 

or, (8) ±(V'-U')=±t'(^-^,) 

But by hypothesis, (9) U'=0; whence from (4), +U= +v 

Substituting this in (7), +v' = + yp- , whence (10) +» = + -^ 

Combining (9) and (10) with (8), +V'=+ ^-(^ -^,) 

or, finally, +V'= ±«'(Jx>~0 
Since, when U'=:0, we have +(V'+U') = ±(V-U'). 

This is the general expression for the operation of those arrange- 
ments in which the rotatory motion imparted by a fixed wheel 
to a free one revolving around it, is transmitted to another con- 
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«siitrie with the ^nt, ander the origiual limitAlion, that the 
wheel which Lmpnrla iha resultant inoliou shall correspomi with 
that which receives the initial lUotioD, in the directions aud 
▼elorilies of its own nn^tiona, and in it* potilion with relation to 
tkt \rherl lo which it imparts motion. 

Tl)ia last condition is italiciaed, aa being in the form illustrated 
"the feature which distinguiahes the niechaniani from the plane- 
%MXj bora&-power of Bogardus, which aa couatructed differs from 




t-Ue drawing oulj iu this, — that D' is unnii'ur, or toothed inter- 
Uoiljr, which caases the ratao of the antecedent to the oonaequent 

Velocity to be a fanction of the «um of the two ratios, ^ -^,- 

Though this featnre does not prevent ua ffom considering thia 
Itorae-power to be the be«t that can be made, and though we 
•wrotihi here acknowledge that the mode of balancing the me- 
diAniiiin, and equalising the motion, by utiiDg two pairs of tiie 
"Wrheels d <f, is borrowedf from tliat unique and admimble inven- 
tion, yet it ia necMnry to make promioeot the fact, that upon 
thia distiuctiun depends the advantages of the device we have 
<le*crib«ni aa a meanii of multiplying s|)eed or power; for while a 
4l^0iBr€niinl motion may be varied between the limiU of zero aud 
infinity, it is clear that one depended L <m the *«m of any quanti- 
ties having the s/inie sign ia practically circumscribed iu its 
'vnriAtioua by narrow boundaries. 



THE BELL ROCK LIOHTHOTTSE. 

TO TRi portoa or tbi citii ■KOii'iik aku AKCuiTwrr'a joi-kxai.. 

Sir, — Having been ahsenU and much occupied, 1 only acci- 

deotally opened the number of your Journal for this month this 

Oay, aud waa much surprised to find a letter from Mr. Alan 

*;?teven80D, claiming the wliole merit i>f the design aud coustruc- 

t iiii of the Bell Kock Lighthouse for his father, the tale Mr. 

I^ iiert Stevenson; and that a model of the Btll R<>ck Light- 

} ■ >>} has been placed in the International Exhibition at South 

I isin^rton, stating that "it was designed and executed by the 

Anie It'ifjert Stevenmin." 

Having given a detailed history of the aVtove work, in my 
letter addressed to you iu February 1841), and ioserled in your 
'\'&luable Journal of that month, and also ju ray work on British 
»n<l Foreign Harbours, puMiahed iu 1854; — and Mr. Sruilea in 
Ilia excellent work, 'The Lives of the Engineers,' lately published, 
liaviug given a similar acconut of the Bell Bock Lighlhouae, — 
where, from the historical records of the Comuiissionera of 
Northern Lighthtuisea, and from Mr. Robert Stevenson's own 
work on the Bell Bock Li^^hthouse, it is clearly e&t/iblished that 
the l&t« Mr. Rennie desiguitl .md couslrncted tlie Bell Ki>ck 
Lighthiiune, and lliat Mr. Robert {?teven8ou was simply the 
"asMiMtant tnginen"" appointed at Mr. Reuuie'a reeommen<lalion, 
to act under his (Mr. B.'a) dirv^ction, and to carry his instructions 
into effect, — it is unnecessary now to repeat the whole of these 
•latementa; I therefore beg leave to reler any of your leatlera 
who may be iuterealeil iu this a(ibjc> t lo those documeutd. I will 
■imply however repeat the most iiiijMntant. 

Al the first meeting of the ( 'omroissionors of Northern Light- 
li, 111,'M -ifter the Act lor Building the Bell Rook Lightlionse waa 
held at Edinburgh on Oeeend-er U, IHiHJ, the following 
I 11 waa passed: — "liesulvi-d uiiatiiiiiotiMly, that the build- 

ing to be erecteil for the purpose i>f a lighthouse on the Bell or 
Cape Bock shall be of stoncj, and that the same shall be ervcteU 



under the directiont of John Renuie, Esq., civil engineer, whom 
they hereby appoint chief engineer for conducting the u<ork." 

Previous to the above resolution being pas.sed, Mr. Rennie, 
who attended the meeting, entered into the fullest details, de- 
scribing the particular kind aud form of lighthouse, the materials 
of whiJh it WM to be built, and everything connected with it. At 
this meeting it does not appear that Mr. StcveDsoa was present, 
aud no notice waa taken of him. 

At a subsequent meeting, held by the Coramis- 
Bioners at Edinburgh, on l3eoember 26, 1806, Mr 
Rennie recommended Mr. Steveuson to be Jij>- 
pointed assistant engineer, to execute the work 
under his directions; and a resolution was p-ossed, 
" that the Commissioners agree to the appointment 
of Mr. Stevenson, to be Asnutant Engineer vnder 
Mr. Rennie, but they del.iy taking into consiiler*- 
liou the recompense to be maile to him, both as 
to the amount and manner of doing it, until next 
meeting." Mr. Rennie also reoommended that Mr. 
Logan should have the direction of the masonry; 
and Mr. Francis Watts, a aktlfnl mechanic and 
millwright, bred under Mr. Rennie, should have the 
direction of the cranes and other mechanical de- 
tails : which waa agreed to. 
The works were accordingly commenced and avnied 
on, until their completion, under Mr. Ren uie's direction; m fact, 
Mr. Rennie ha<i the entire re8))onsibillty .superintendence, manage- 
ment, and direction of the whole of the works. He furni8he<l 
the design, and the details were worked out and completed under 
him; nothing was done without his approval. He rejiealedly 
visited the worku, and made his reports to the Commissioners 
during their progress, initil their tiiial completion. All this is 
proved beyond doubt in Mr. Stevenson's book, together with the 
other tiocuments iu my posaessiou. The design which has been 
carried into effect underwent certain alterations, differing e<mie- 
what frun that oriL'iually furnished by Mr. Rennie, which 
generally happens during the progress of such works. These 
were chiefly coufiniHl to raising the lower a little higher, and 
altering the mouldinga round the top of the tower and lantern, 
and some minor detjiils. Thewe alterations however were made 
uuder Mr. Rennie's direction. 

The lighthouse, aa erected, differs materially from that origi- 
nally proposed by Mr. Steveuson, which was not approved of by 
Mr, Rennie. The base of the tower is much wider, aud different 
iu form, in order that it might be better adaj>ted to suit the form 
Aud clmnicter of the rock upon which it ia placed, so aa to 
dimini'^h the action of the waves upon it, and to prevent them 
from undermiuiug the bitse of the lighthouse. The courses of 
stone are narrower ou the outride, aud larger towards the centre, 
differing iu this respect from the Eddystone system, by which 
they are rendereil stronger. The construction of the floors is 
different also, the pressure being rendered vertical instead of 
Utteraly which also was an improvement upon the Eddystone 
system. All thia is clearly explained in Mr. Keuuie's Reports to 
the Coram issiouers of Northern Lights, nearly the whole of 
which have been printed in Mr. Stevenson's bonk. 

As to Mr. Alan Steven.son'a assertion, that Mr. Rennie never 
arrogated to himself the crwlit of the Bell Rock Lighthouse,^ 
this is totally contrnrt/ to thefnrt. I liave heard Mr. R?nnie claim 
it over and over agJiin, and complain bitterly of Mr. &teven8<m's 
presumpliou in claimin;; it for himself; so much so that, accor<l- 
iiig to Mr. Smiles' statemeut above referred to, and which is 
perfectltf correct, " when he learnt that Mr. Stevenson waa about 
to write a book on the subje<.!t., but without communicatiug with 
him thereon, 'I have no wish,' he says, ju a letter to a frieml, 'to 
prevent his writing a l>ook, if he details the truth fairly and iin- 
]>artinUy. I am s:iiii«fied, 1 do not wish to arrogate to myself 
any more than is justly my due, and I do not waut to degrade 
him.' " 

Mr. Stevenson, however, took car« wot to publish his book 
until after ray father's d«»th; so that he had no opportunity of 
answering it, which no doubt lie would have done, aud have pluoed 
the facts still more clearly before the public. But even Mr. 
Stevenson's IxMik e8l4iblishe.3 sufficient to prove that the Bell 
Rock Lixht house w;is dr-.tigned, and carried iuto effect, under 
Mr, Reuuie'a su|>erii)ten(ieiice. 

As to Mr. Ainu's sUitement, or rather quotation, from one of 
Mr. Renaie'd letters to hia father, " that it would immortalise 
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hjin in ihe ntmala of fiitne;" — tins wag a mtre joke, and whicl\ I 
have frequeully liearJ Mr. Reuuio apply to hia assietAUts, wlio 
were pkceil under hU directiou in a. similiu- manner as Mr. 
Slevenaoii was. 

Ad to Mr. Alan St«venai>u'a atatemout, that the amount of 
reBpousibility may be jndged from the greater sum paid to 
Mn Stevenson tbnn to Mr. IJenuie; — thia goes for nothing, for 
it tiHj frt'tpieutlj happcu^, tbi\t those who are least entitled to it 
get beat paid. 

As to Mr. A. Stevenaon's statement about Mr. Charles Cun- 
pliiughara; — I knew him well, and have heard him give a very 
""itferent version of the story of the lighthouse to that stated by 
tr. Ahvu Stevenson. 
I also knew very well the late Mr. John Paterson, the resident 
engineer of the Ijcilh Docks, n« well as Ihe late Mr. David Logan 
and Francis Watts, who were tlie executive foremen aa3i;jtAutA, 
constantly employed eiliier at the budding on the rock or in the 
workshops, or those attached to the lighthouse; and I have heard 
these gentlemen over and over again laugh at the very idea of 
the Bell Rock Lighthouse having been designed and executed by 
the late Mr. Stevenson; it is in vain, therefore, for Mr. Alan 
Stevenson to set up such a claim for his father, for it is wholly 
unsupported by any written or verbal evidence; and it is estn- 
blisheil beyond all doubt that, with every respect to the late 
Mr. Robert Stevenaon, he was neither more or less, as his 
appointment expresses, than axxintimt en</i7ieer, undrr Mr. Renni^i 
tufierintmule/ice, to carry into fjfect Mr. Rcnnies directions; and 
that the Bell Rock Lighthouse was designed, and carried into 
effect, by the late Mr. Henuie. — I am, youra &c., 

John Bbnmie. 
London, Mfty 2», 1362. 



EEVIEWS. 



MitcheW* Screw Pi/et and Moorings, with Johnsou't Pntrnled Im- 
provements. By Frederick Johnson, C.E. IjovcUm, 1862. 
This little pamphlet sets forth the Various applicjitiona and 
advantat^'es of screw-piles for li^'lithoiisea, piers, bridge, and other 
foundations, and more recently for moorings, and also explains the 
improvement introduced by Mr. .Tohnaon, the present licensee of 
Mitchell's patents. Although many of our readers will be already 
acquainted with the original pntteni, if not with the recent 
ingenious modification of it, we extract the following short 
description. 

"The uri^nn^ m-.tcw pile consisted of a round bar, or cylinder of Iron, 
with a hri>ad projecting screw at its lower extremity, sennng tlie double 
puqKJse of forcinjj the |iilt) int'O the ground, and of affording an extendcil 
!i»m.- for resisting <;ilher downward proasnre, or an upwimi strain, hut the 
inii>r<ivomentB upon this avrew consist in making the periphery, or a 
portinn of the periphery, of its Sange similar to a circular saw, as shown 
ill the figure. 

By a v<iry simple arrangement of machinery, the screw works its way 
downwards, witliout matenally ilisturbing the strata tlinmgh which it 
pMMfl. Screw piles have been ujKnl in ever>- dtiscriptiou of ground, hard 




rock alone excepted. They have been applied with great advantage in 
chidk, and even been mode to pt^netrate to a di-pth of 1 2 feet in tlio cond 
rocke of the Florida Recfg, on the coast of the United States of AmericM, 
Tlie proper sixe and fonn of the scrtiw must, in every case, be deter- 
mined by the oatore of the ground and other attendant cirvumstauccii ; 



and it is ohvioni* that great advantage rundts from itn being in thr po 
of the engineer t^i increaoe the area of the flange, or hearing surfftoe, wi 
oat altering the dimenaions uf the pile ; particularly in situatiouo where 
is desirable to interfere as UttLe u possible with the action of waves 
currents. 

Such cases are very fre<|uently met with, both in the erection 
lighthoiuei, piers, &c. at sea, and of bridges r»ver river* with r»|i 
streams, or subject to sudden flonda. In the former instagces the ^oil, 
eaud, is often so loose and unstable as t<J be incapable of «upporting 
maAiiive Btructure; and in the latter the exjionse of coffer dams, or oi 
contrivances ft>r Imildiug solid piers, would otten be so great as to pi 
clnde their erection, even if otherwn'se desirjdile. 

The iiitrfxluctinn of screw piles has enn.bled engineers to execute woi 
in the luotit unpmmiKiog and incouvenieiit Bituations. The open fi 
work uihially adopted, whilst it opptwcs no serious resistance to the wav 
is cnpablo r>f being formed into so rigid a structure, that scarcely 
viliration \» peretptiblo, even in the heaviest weather. At the same tii 
ni> Hctiur is pruduuvil, nor ix there any accumulation of MUid, or o 
debris,— the ordinary course of the currents remaining unchanged. 

TJ»e flifficulty of driving ordinary piles int<> sand is well known, indeed 
when the sand is in a compact state it is almost impossible to force them, 
by any means, down beyond a very few feet; the recoil being so great, 
that the tijn1)er or inm is 8hivere<l or Knapped off under the blows of the 
monkey, and the attempt is usually attended with annoyance and loss. 

By the use uf iron, the ravages of the Teredo napaiit and other soft 
Worms, so much dreaded for tunber structures on almost every coast, 
iiiay ho entirely disregarded ; and i-xperience has shown that no apprS' 
hensiou oeed be entertained oi the prejuiUcial action of salt water upo; 
the screw pUcs ; neitlier the wrought nor the cast-iron work of the Map"" 
Lighthouse, which wtis fixed twenty-tliree years ago, at the mouth of 
Thames, being in the sUgbtest degree injured, and the Courtown Pier, 
Ireland (built fourteen )'ean) ^inoe), being in an equally go<vi state of 
preservation. In (wmL- cnseK, however, as in the Portland Breakwater, 
wooden piles iitted with iron screw shoes may be advantageotialy em- 
ployed." 

Screw-piles have been so extensively nsed, and their servicaable 
qualities have become so well known, that we need do do more 
than select from the numerous instances of their sucoesafiil 
application adduced by Mr. Johnson, ooo or two of the moi 

important. 

"The largest and miMt important lighUiouse vet «recte<l on the BritL 
or Irish coasts is that of the Guutl-jet, off Harwich, coiutructed 
erected for the Honoiuable Corporatiuu of the Trinity Houm>, by Messi 
.Saunders and >Iitchvll, ami the work was coninu-ncoil in the year 1S5' 
and completed in lS5o, with the exception of the lantern and intern 
filtiugs. The Gunfleet Kiind is one of the most dangerous on the 
cuast of England, and the site of the Ughthouse is covered with water 
all times df the tide. It is at this point very nmch exposed, and is sub- 
ject to very heavy seas, which break upon it with tremendous violence 
during easterly gales. 

The building ia of wrought-iron, of great Btreiigth, and is perfectly 
Tlte pilts are hollow, seven in number, the lower length of each weigh! 
about T tons, and being 45 feet long. These hail to be taken more 
fifteen miles out to sea, and were all screwed down 40 feet intu the 
in positions and directions previously determined, with the greateist 
accuracy, as the rigid bracbig and superstructure had been ahready 
j)re|Kired. 

The gmunrl had been previously proved by l>oring to a deptli of n»i 
than 50 feet, by nieau« of an exiMrimental screw pde, and was found 
consist entirely of an extremely hard and compact sand, with ix^cooii 
ally <i& the upper stratum) a few fragments of coal, from the uumerui 
wrecks which <K:cur every season on this dangerous idioal. 

" The Madras Pier, designed by Messrs. Saunders and Mitchell, wm 
commenced in the lattter part of the year 185& by Mr. F. Jolmsou, their 
suceewor, and is now nearly completed. This pier is lOSO feet in leDgth, 
and its width 40 ft. )) in. It tenninatos in a cross-head 160 feet long by 
40 ft. in wide. The piles are of solid wrought-iron, the icrows of iralcA 
are insertetl to a depth varying fn^m 11 ft. to 19 ft. <J in. in the KTOOImL 
Tliis pier extends about 40 feet beyond the water line of surf. When ~ 
is considered that several attempts have been made to erect piers 
Madnui, all of which proved impmcticable, it will be readily undersl 
the eituatiuu is ouo uf gntst ex{tn6ure. The dangerous nature of tbe 
nu this c<iast is well known. During thti monsoon season it rises to sui 
a height above the sea level as to entirely prevent all oommunicatii 
between the shore and outlying vessels eveu by native boats, and 
<luring the course of construction uf this pier not the sUghtest vibral 
has been perceptible, a convincing pnvjf of the great advantages of 
pile structun-iK over any other,— a great base or supporting turfaoo 
obtained without the necessity of exposing a large body to the 
either wind or wave. 

The Portland Breakwater, now being constructed in the Englii 
Chaone), was commenced under the direction of the late Mr. Itendel, 
is perhaps tlie most important in which screw pUes have hitherto 
employed. When completed it will consist of two lines of breakwi 
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6000 feet and IROO fe«t long respectiTdy, approaching each other at an 
obtoae angle, and having a passage or entrance 400 feet wide betweien 
tham; the whole Ixaing constructed in a depth of water averaging more 
than 54 feet at low- water spring tide«, excepting for a abort diatanoe 
close io the riinre, and furmiug a harbour of refuge of about three square 
miles in extent. The breakwater ia conittructed of Btone, which is quar- 
ried in the neighbouring hill, and carried out to aca upon » temporary 
timber staging erected upon icrew piles. This staging ia 120 feet wide, 
and the pUe» are 30 feet apart; each being built up of double ballu of 
crBOBotod timber, nearly 00 feet long, truaaed with iron, and having a 
•crew ahoe at its lower extremity. When the character of the work and 
ita expoaed situation arc considered, the value of the icrew piles in this 
■ad similar gtrueturea will at ouce be evident — in fact without them the 
liiiiicultiM of the work would have been almunt insurmountable." 

Mr. Johnson thus advocates the use of the screw for moorings 

"The description alreaiiy given of the principle of the screw pile will 
have served sufficiently to indicate that of the screw mooring. It ia 
evident, that if a broad plate or disk can be deeply buried in the ground, 
it must affon.1 a finn attachment for the buoy-chain. Before this screw 
can be withdrawn by any upward taxmon, a mass of earth most be dis- 
turbed having the form of an inverted fnwtrum of a cone, upon this 
ikgain pre«ses the weight of the superincumbent column of water ; and 
when it is considered that screw aioorings are freciuently inserted to the 
depth of l.*) or 20 feet into the ground, in from 30 to 60 feet water, it 
*rfll be evident that enormous force must be required to dislodge thc-m. 
Their holding power ib indeed so great, that in several instances chains 
nukde of iron 3| inches diameter have been bn3ken, without bringing up 
tbeaorew. 

Besides their security, the advimtages of screw moorings in other 
j i Mpucta over those formerly in use, arc very considemble. They are 
t'jnty readily 6xed in anv <lepth of water. In nirH<t cattes all ground chain 
"im dispens^ with, the buoy chain going down direct to the screw. This 
not only saves a very heavy expense, but does away with the inconveni- 
«nce. always arising in narrow harbours, from anchors getting foul of 
these chains, which are usually stTBtched across the harbour, in a 
manner which greiktly interferes with the operation of dredging. In con- 
fined situations the moorings are partiovUarly valuable, ^m the small 
•cope which may be given to the buoy-chain, on acoomit of the great 
holding power of the screw, often a matter of very great importance." 



THE LOAN COLLECTION OF OBJECTS OF ART 
AT THE SOUTH KENSINGTON MUSEUM. 

Thk Sonth Kensington Museum is just now temporarily 
enriched by an exhibition of the choicest objects of a.rt, placed 
there by their proprietorSf and gathered from all the beat collec- 
tions in Britain, 

This loan collection, aa it is called, him been opened principally 
for the beue6t of visitors to the Exhibition, and is probably the 
richest and most select exhiUtion that baa ever been brought 
together under one roof, not excepting that portion of the 
MKnchester Exhibition which was devoted to works of the sort. 

It would be impossible in any space we can devot* to describe 
in detail the contents of the Museum, and it is here mentioned 
principally for the benefit of those of our readers who may be able 
to visit it for themselves. 

A vast amount of ancient gold and silver plate is here col- 
lected, including all the superb pieces belonging to the different 
• colleges in Oxfortl and Cambridge. The maces of Oxford, 
Olaagow, Bath, Maidstone, and a host of other pieces of plale 
^'belonging to city nnd other companies, corporations, and the 
like. Maemificent specimens of genuine anticjiie Etruscan an<i 
Egyptian jewellery are to be seen here; also the best of Her 
Majesty's collection of antique gems, together with still more 
valuable gems from private collections. Lord Paluieraton and 
some other exhibitors display a quiintity of antique Irish jewel- 
lery; and Lord Londesliorough and others have sent arms and 
accoutrements of the choicest quality. 

All the varieties of poroelnin and China, RaSaelle, Weilgwood, 
Sevres, and other costly wares are here displayed ; and of one 
•ort, the 'Faience' of Henrj' II. of France, which is all but 

S priceless in the eyes of amateurs, ail the specimens which 
England contains are here to be found. 

Bronzes, church vestments, enamels, embroidery, iron-work, 
and specimens of nil that is rich and rare, including Mr, Webb's 
uupern collection of Mediaeval ivory carvings, and many speci- 
mens of Flemish ivories, are also to be found; and in short the 
lovers of art workmanship will find in this collection an oppor- 
tonity BQch as will probably nc>t again oocur. 



VOLUNTARY ARCHITECTURAL EXAMINATIONS AT 
THE ROYAL LNSTITUTE OF BRITISH ARCHITECTS. 
Wk are now in a position to lay before our readers the leading 
features of the scheme for voluntary examinations which has 
been adopted by the Royal Institute of British Architects, aud 
circulated among their members. We have from time to time 
reported the position of this undertaking and the j)rogre88 that 
has been made in it ; and although the scheme has been a long 
while ia prep.tration it will, we think, appear upon e.xamination 
of it that the time consumed has not neen lost, and that the 
careful and thorough considei'ation which nil its details have 
received has rendered it far fitter for adoption and far more 
likely to be successful than if it had been hastily and imperfectly 
prepared. 

Three separate documents have been issued, of which the first 
contains a statement of the course of examination and the regu- 
lations to be observed, and contains copies of the forma of 
application and recommendation proposed to be employed. We 
give the larger and more important portion of this paper 
entire, aa it will concisely and exactly inform those interested 
what it is intended shall be the subjects of examination, and 
what the regulations. The portion of this paper which is not 
here given contains the regidations (apparently complicated, but 
really practical, and analogous to what are followed elsewhere) 
intended to secure thorough impartiality by rendering it impossible 
that the names of the candidates should become known ; and 
contains also the forms above referred to. 

The second paper consists of a sort of specimen examination 
paper, prepared with the intention of enabling intending candi- 
dates and other!! to jndge of the character of the examination 
proposed ; this, with the exception of some obser^-atious appended 
to it, is too voluminous for our columns, but it will be read with 
interest by those who may possess themselves of it. 

The third paper is the list of books. This, as originally drawn 
up, has already appeared in our columns, but it ia now revised 
and somewhat augmented, and we propose in an early number to 
re-present it to our readers. 

It only remains to observe that, as we are given to understand, 
the first examination will take place in January of next year, and 
that those who desire to possess the papers may obtain copies on 
application to the Honorary Secretanee of the loatitute, at No. 9, 
Conduit Street, W. 

"The examination shall be npento all British subjects, and shall be 
arranged in two classes, so aa to ofl'er to a candidate the opportunity of 
acquiring an acknowledgment of proficiency, and further an acknow- 
leilgment of distinction. No candidate under thirty years of age shall be 
periuitte<l tu present himself for an acknowledgment of distinction with- 
out hit\'ing previously paased the examination in the class of proficiency. 
The examination shall in no respect k* conducted vivA voce. It shall 
take place in the last week of the month of January, as often as there 
shall be five caiidiiiates seeking an acknowledgment of proficiency; and 
it shall (M.-cupy not more than three days for the candidates in that claw, 
with not more than three additional days for the candidates seeking an 
acknowledgment of dittinction. 

The first of such days' examination shall be in drawing and design; the 
sec<ind in mathemittic«, and physics, with professional practice; tit« third 
in materials, and construction, with history and literature- while the 
fourtli, fifth, and sixth days shaU he assigned to the same subjects in 
similar order; languages being included on the fifth day. If fewer than 
six days be devoted to any examination, the examiners are at liberty to 
vary tlie distribution of time prescribed. TIte hours of attendance ahall 
be from ten till live, except on the sixtli day, when they shall be from ten 
till two: and ou each day there shall be an interval of one hour daring 
which no work shall be allowed, and the Institute shall provide lorae 
simple refreshment. 

I'pon the days of examination the candidates shall have access to 
such books of tables aa may be provided by the honorary aecretaiies under 
the advice of the examinen. 

A candidate who has passed in the daas of profioiency shall not be 
required to attend on the days appropriat(^d to the class of proficiency in 
any subsequent examination at which he may present himself for the 
class of distinction. 

The examiners shall be not less than three in number, and they shaU 
be elected, as well as two mo<lcrators, by the Fellows of the Institute at 
the first general meeting in January. The moderators always, and tite 
examiners aa far as poesible, shall be meroliers of the profession. No 
examiner or moderator ahaU be concerned in the examination of any can- 
didate ctiunccted with him by any tie of nJationship. tnition, or busineas. 
No examiner shall attend at the Institute during the hoars of examina- 
tion. 
After the third examination, the cooncil ahaU request the examineni to 
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Xrt any oluuige that they mav deem desirable in the syvtem, and fthall 
the sense of the Institute therriD. 

The papers of queBtions and rt;t]iiiremeQta of work shall be framed by 
the examinen as much as ponaible with iliivot refereuoe to architecture, 
and in oonformity with the applications of candidates, regulated by the 
aubjeota in the following programme. 

lliB number of marks ti> Iw allotted by the examJnen to their questions 
shall be 10,000 ; of which 60U0 shall be in tlie claas of proficiency, and 
4000 in the gIam of distinction in the fulluwiug prr^-iuuuit:, aud abo rlkall 
be aa then> noted, — Drawing and desiijn, proficiency 1500, distinction 
600; Mathematics, prof. 750, dist. tiOO; Physics, p.rof. 500, diat. 400; 
Luifniages, dirt. 300; Profesaional iYactice, prof. 500. di»t. 500; Ma- 
terials, pmf- 750, <liet. 400; Construction, prof. 750, dist. 500; History 
and Literature, prof. 1250, dist. 700. 

Of these marki) 3000 in the clnos of pmficiency shall entitle a candidate 
to pass in the said ckias; and JOOO in the class of distinction shall entitle 
a candidate to pass in the said class; being in each case one-half of the 
entire number for the class; but the oandi<late shall not be held to deserve 
the acknowledgment of pruficiency unless he obtains at least half of the 
niuuber of marks allotted to diviaLonx of Drawing and Design. Mattirialu, 
and Coii»truction respectively, in iulditinu t4i at leai<t a fifth <>{ the uuiu- 
bar of marks allotted to each of the other divisions in that chua.* 

Class of PBOFicrKXCT. 
Preliminary Worh. 
K nwMimd sketch of some existing; l>uildiiig or porti<>n of a building; 
% penpective sketch of nome exJstin;: ItuUding or (M')rticiu of a buildini;; a 
dnwing of some onuwuient from the round or relief ; and a jienipeutivi! 
view with working plan, »octioa, and elevation, of a dcKign by the candi- 
date for some building;, together with its whole ^peciticiition and a |x>r- 
tion of its working details at full nm. 

Work to bt done in the prueuee of the SftnUnifors. iUrlu. 

Drawing and design. — A design of some building ur ftortion of 
a building, in the «t^e named by the candidate, the Mubjeet lieing 
given by the examiners ... ... 1500 

Mathematics. — Arithmetic, including the 8<|uare root; algebra, 
including simple er^uations; Kuclid, books 1 and 2; menauritlion 750 

Physics. ^The elements of mechanical philosophy; also heal, 
light and ventilation ... ... ... ... ... ... 50O 

Profeuional Practice. — the principlcti of ustiiuulin^; the laws 
relating to aooident, agency, oontracts and dilapidiitions ... 500 

Materials. — The general natur>« and pni|«rtiw of building ma- 
terials, including their decay, preservation, quality, and strougth 750 

Construction. — The detail drawings and specification fur such 
branches of the work snggested in the above-named design (in- 
cluding drainage) aa the examiners may indicate 750 

History and Literrature. — An outline of the chamctcristics of the 
principal stylea of Architecture in Europe; the particular charao- 
teristicB Mid hiatary of any one style named by the candidate ... 1250 



6000 



Class of Distinctiok. 



Preliminary Work. 
Besides a pera[>eclive sketch or a measured drawing of an existing 
building, or portion of a building, i>r other subject of architectural design 
(Uds is indispensable), one specimen in each of three at leaiit of the 
following branches is necessary for the admittance of the cumlidute: 
1. .Sketches or measured drawings of existing work in wood, plaster, 
stone, uiiu'l>le, mosaic, glaoii, iron, hnum, precious metals, textile fubrics, 
or embroidery; 2. Detail drawings at full size of anydediijru by tlie candi- 
date, for ornamental work in any of the uiutiriidB juet enumerated; 
3. Drawings of the human figure from the round i^r from memory; 4. Sub- 
jects of huidscape ganlening; 5. Architectural subjects in colours; 
<J. Subjects of decoration, in volour or otherwise; 7. S^ieciuiens of work- 
raunahip in modelling; 8. Specimens of workmanship in carving. 

Work to be done in tht pretence of the Moderator: 
Drawing and Design. — Such desigmt, drawings, and specimens 
of skill, in the style or styles named by the candidate, as may be 
thought needful to test his nklll with regard to such preliminary 
work na may have been uttAched to his declaration; the subjects 
to \m given by the esaiuiriersi ... ... ... ... ... tiOO 

Mathematics. — Algebra, including quadratic equations; Euclid, 
txK>k8 3, 4 anil 6; plane trigonometry; conic sections and the 
higher mathematics. The candidate to name the extent of tlie 
examination that he thinks himself capable of passing beyond 

phiue trigonometry ... .,. ... ... 600 

Mathematics and Physics applied to Practical Purpoees. — ^Me- 
chanicti; statics; dynamics; hydrostatics; hyilraulics; land-survey- 
ing; acoui<lics; chemistry; electricity; galvaniimr, geology; and 
theory of colour. The candidate to name Uie portions chosen by himt 400 

* Tbr CouBcU is eaponnd toflx for the flrst ExamioAtioD ■ •iiksUer naoiliero' 
Ah.fi And a lea* praportlan thso that aboTC srraoRed of iD&rk» neccasarjr to pass; sad 
to rskxi for tb« MOtmrt tixainhintlaD ibe propDition of racli aiark» to on svera^te botween 
thsl nf the Ontt sad thai provided in this rspUaUomi, which shall be nsed for the Ihird. 

t Ihn ojctcot to which (he caodidale is expected to be prepared in aiir sobject of 



Languages. — Translation from Greek or Latin, and tran.-^lntion 
from or composition in one or mora living foreign languages; archi- 
tectural nomenclature in any living foreign language, llio can- 
didate to name the languagea ... 

Pnifessional Practioe.>-LAWB of property relating to buildings, 
including fixtures and rigfatt of adjoining owner*; arbitration ... 

Materials. — Detail of the nature and propertie* of building 
materials, including materials which are not in ordinary use 

OmHtruction. — Complex construction in scaifoldii^, ahoring, 
securing dangerous structures, pulling down wurk, alterations of 
buildings, foundations, walls, partitions, floocB, roofs, arches an4 
vault»; formula; fur calculating the strength of materials 

History and Literature. —The struoturesi, architects, writers on 
practice and theory, and works illustrating stylos or struotutM, iu 
any style or stilus namud by the candidiile 



It shall not be neceuani' for a candidate, in order to obtain the num- 
ber of 2000 marks re^piirtid for {HuiHiiig the examination in thi; class, to 
obtain ntarki in all these subjecttL, ur a particidar number of marks in 
any one of them; and be therefore sluU be at liberty to endeavour to ob- 
tain a high number of marks in those subjects upon which be may think 
he can beat show his competency. 

Fiota. 
In the first year each application for an acknowledgment of pn-i6cieiiay 
mut<t lit accompanied by a fee of one guinea; and each applicati</n for an 
acknowledgment of dintijiotioti mutrt be acoiUipaniKl by a furtbv fee of 
one- guinea. The fee shall be raised one guiucik in each class, at cAch 
successive examination, until the revision of this scheme." 

The following observations accornpaoy the "Sketch of Form of 
Examination Papers," prep.ired by the Institute, oqJ ■will aervw 
to »how the iutentioijs of that body: — 

" The Inxtitute, aware that architects iu practice cannot oomnuuHl the 
leisure sufficient Ui preporv for such an examinAti<:>n as is how oontem- 
plated, will not consider such penona as called upon in any w»y to 
preseut tliemselves im candidates; and the Institute, not iotendiog tbii 
any compromise of the examination tihould be offered (exoept the roodifi- 
cation as ti) number of marks in the first two yean), announces thai no 
aroliitcet above thirty yean of age will be encouraged to oftcr himself aa 
, a cutididate. It alao suggectB that very young men, although they may 
have availed them»elv<« fully of the advantages of an academical educa- 
tion, ought not to present themselves for ttiis examination until they 
have acquired that amount of architectural knowledge which practical 
experience alone can atfunl. The Institute ihort'fore will not eumuragi* 
any person to uiTer himself aa a candidate in the class of proficiency 
under twenty-one yeara ol age, or in the class of distinction under twenty- 
five years of age. 

These papers are framed to indicate the standard to which the 
examination tthall ultimately rise, rather than to suggest the ado{)tion of 
questions so difficult as the most advanced herein coutikine<l; and there- 
fnre the first papers must present leas difficulties. As cnndidAtcs in 
order to jiass in the class of proficiency must obtain a certain proportiovi 
of marks in each divnaion of that class, the examiners shall proNnile ;k 
number of questions in each division sufiicient to allow each (uiii<lidate 
the advantage of an opportunity of selection, and therefore shall intliuate 
to the candidates what proportiou of the number of each set of qnestiuiw 
must be answered. 

It is strongly recommended that a greater number of questions he ad 
On each paper than can fairly lie ex(iecte<l to Vie answered in the time 
allotted. This should be <lonu to give each caudidate the advant«g« of 
selecting those on which he can Ijest Bhnw his ability; but the candidate 
should be infonue<l that ho is ex{>ecte<l to answer a certun (lortion only, 
or he may be deterred by the ap]uuvnt weight of the paper. It has 
often happened (and nothing can be so disheartening t^o a candidatcl 
when yeiy few questions are set, that the majority of them may relate to 
the only points of which he is not maater, and thus a candidate uf grait 
ability may obtain a low rank aimply from the paucity of qnesttoaSt 
Unusual questions, and some of considerable difficulty, iks well as tbow of 
obvious and ordiimry character, may b© sot, to give candidates of gtvattf 
talent au opportunity of exhibiting their ability and iuihistry. But these 
question!) should on no aoaiunt be suffered to degenerate into vth.'tt an 
t'onmionly called ' catch-questions,' or be such as would rather i^xliibit the 
cunning of the examiner than maiiifest the ability of the examined. TVe 
markx should also be no set, tliat the omission to answer any \BTi'i'ttf4 
question should not tell against any candidate. These errors have canwd 
more diKHatisfaction, and thr<^iwii more discredit on competitive examlno- 
tious, than any other causes whatever, and should mMt cart-JuUy be 
avoid<Hl. Answers to one or two questions in a language, t<r solving one 
ur two equatioits, can be no snffioient test of a candidiite's competency aa 
a linguist or a mathematician, and would nut cotii-' ; ' 'v warrant a 
notiue of distinction from any examiner. Every ex o be satis- 

factory most not only be absolutely impartial and , : .... i.iir, but to 

abctrsct tdeace shall be governed geuerally by direct applicoliuo to baildinc oyeztr 
tioas sad maturistt 
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Chemistry an aid to Archaology. — ^Lately, nndev the walla of the 
ancient chateau of Verteuii,two atone tombs have been discr/vered, 
each containiDg a baman skeleton in a perfect state of preserva- 
tion. Theae tombs, of a rude style of workmanship, contained no 
inscriptions whatever; thua the archieologiats were completely 
at a lo84 as to the precise date of their origin. A distingnidhed 
chemist, M. Gouerbe, however, by the analysis of the bones 
found therein, completely resolvw} the problem, The analysis of 
the humerus showed, among other results, that these bunes con- 
tained 1047 per cent, of organic matter. But we know that living 
bones contain 33 per cent.; then, during the unknown period of 
sepulture 'itb per cent, of organic matter had disappeared. If 
we knew the quantity of organic matter decomposed each century, 
by dividing the total loss 22'5 by the quantity lost each century, 
we could arrive at the perio<l of inhumation. Now this centennial 
quantity ia easy to be ascertained by the analysis of bones found 
in tombs of known date, and M. Gouerlxj, from the fact that all 
azotic matter is destroyed at the end of 1100 years, as appears by 
analyses on various tombs, proves that in endoted sepulchres 3 pur 
cent, of organic matter is decomposed every 100 years. Dividing 
22"S by 3, we have 7 centuries and a half for the period of inhu- 
mation of the bodies, giving a.d. 1112 as the date of sepulture, 
A curious instance of the accuracy of M. Gouerbe's theory is that 
M. Drouin, Memberof the Bordeaux Academy, bad independently 
fixed A.D. 11 10 as the date of the tomba. 

Bread and Lead. — Very lately a curious case, perhaps without 
parallel, occurred at Chartres and the environs, of poiH<.iniug 
with lead. Eight communes of the department of Eure-et-Loir 
were attacked with violent colics, which were attributed by the 
peaaanta to the wheat having been altered or decomposed by hail. 
It vnna not long before these colics became epidemic, and many 
Inhabitantii perished thereby. Docteur Girouard the younger (of 
Chartres), persuaded in his own mind that lead was the cause, 
examined all the food consumed by the people of that district, in 
coujuuclion with several other medical men to whom he had 
mentioned bis ideiis, and soon discovered lead tu the bread. He 
at once went to the miller who ground the flour for the afflicted 
coinrauneii, and discovered that the miller bad for some reasons 
of hi.s own phjgged the holes in the millstones with lead, a consi- 
derable portion of which was constantly b«ing mixed with the 
flour. Docteur Girouard had the satisfaction of seeing hia opinion 
confirmed by the total ceas-ition of the epidemic as soon as the 
lead was removed from the millatouea. 

New Detcriplion of TeUncope. — At a meeting of the Academy 
of liiciences in Paris, la-st month, M. Ijeverrier presented a notice 
of telescopes of a new deacriplinn, on the part of M. Foucault. 
For the last few years M. Foucault has been endeavonriug 
to construct reflecting telescopes with the sjiecuU formed of 
silvered gl&as, but the invention will only be of decided im- 
portance from the time that he can produce a glass speculum 
superior in power to the largest achmmatic lenses now in use. 
The first partial success was obtained in constructing mirrors 
of 10, 20, and 40 centimetres diameter. Now, a large one has 
been constructed 80 centimetres (262 ft.) diameter, with a focal 
distance of 4ni. 50c (1477 ft); it has been fitteti into a Newto- 
nian telescope, and, for the last throe mouths has given perfect 
satisfaction. M. Leverrier considers it a really valuable acijui- 
sitioD to the observatory. This enormous disc of glass of great 
thickness, and of convex form on the reverse side, was cast in the 
St. Gobain glass works, under the direction of M. Sautter, the 
director of the works for the lenticular lenses for Itghthou^es. After 
lieing cleaned up for polishing, it was taken to the workshops of M. 
Secretan, and put into the hands of the opticians, to work it into 
proper curve by hAnd-lahour alone. It was apparent at flrst 
sight that for such exceptional dimensions extraordiunry methods 
should be resorted to. In eightdays the polishing, first with emery, 
and then with crocus or red oxide of iron, brought it to the proper 
curve, all by hand; it was tested step by step with the sphero- 
meter; at the end of a week a aiirfaco was formed of an even 
grain as nearly spherical as possible, the back having l>een left 
slightly convex for the bettor rigidity of the reflector. The 
telescope, meanwhile, having l>een completed, it was temporarily 
mounted on a wooden stand, which can be carried out from the 
observatory rooms and placed on any convenient spot. It can be 
placed on an eqitatorial stand at any time, but M. Leverrier pre- 
fers transporting to the South of France some of these large 
instruments which, to use his own wordA, ** Fatmotphere impure de 
Paris rend trie-eouvent inutHu!* 



CliASSEPIED LIST OP PATENTS SEALED IN JUNE. 1862. 



power (coBj! 



SOU Uemlngwii}, J. — Onuuncntatioa or textile fobrica— DeesDlMr 4 
3010 Uxik'.T, H. O.— MuiufactTirs of chenUle— Deramber 4 
SiWT Luwes, T.— Mauurwiure of qaUb >ad cuTerieU— DMrnnbor T 

SIIO Leetnlng, J. — Iauidi for wearing — Deenober U. 

1849 Lord, E.— rr«p«riDg oottoo mA otber flbtw - Itooenber 28 
aOTS Motbnrdow, T. -Dretng »nd printinK fobrki— 0«oeinb<tr t 
SlOa FcreaD, £. B. ^CUiuiing woollea hbrlca (con.) — Oeoember 10 

903 Loft, J. T.— Machines for prioting In coloar*— April 1, 1M9 
820S Le 8oacif, D. C— FriiitiDg t-jrlluden [oom.l^DNember 10 
76S JtqiiM, J. A.— KlOMtic lorbM roUeiB— MArcb Itl, 180S 

tit Mftckeojie, A. — i<yiring nuchlDes-FrbnuirT, IBM 
S((g Ciiltmaa, T.— Sewing uucbinn-Febriurr 12. \Wi 
SIVO TSmmo, p. C.- St/wing machluet— December 90 

1048 Knoweldeo, J.— I>amp«— Deoenber < 

t04S MtmuDBi, H. O.— Botorr eociaeeHd poiape (oota.)— Deoember < 

BOSS Broomaa, R. A.-Uies of guea and abuUc fluidj to obUin omUt* 
— Docember 9 

81C7 !<heppanl, 8.-Cocte— OMtmbn- 18 

3 JuhuMD, J. H.—Ho*e joint* (ooui.)— Juumt 1, \Wi 

3000 Aleznadcr, H. — Appat«tiu Ibr mulrlng ga»-bamen -Deceober 10 

bin Sim, J— Oag-niel«ni— lilMxfa I, 1801 

i; Giilluierht, J. S.-Metent-^«oiuu7 1, 1881 
30S2 Co«liniQr, J.— Wet gM-meton — December i 

SOdO Napier, J. D.— Brakrn— DeoMobwrC 
31 IT Longridge W. H.— Wheel*— Dfloeiober 11 
8131 Quuitia, P.— Sleepers— Deoember IS 
181 Higgln, J.— Brakes- JanttU7 14, 1861 

8205 Morrla, T,, mod Wetuo, R. -Sobmarine telegrmpha— D«ceBb» 21 
StOtf Potter, J.— Joloiug telegraph wine— Decemfaor U 

OOS Pooley, II. — W'oiirhing-machloa* and bridge*— March SI, 186i 
8137 Aupalbj, H. — tUchiuc* for boring broom bead*, fte. - Dooeoiber It 
.1UI3 WalldikoiL i>.— MAchint^ fur winalng laee on oaraa — Deoember 30 
3£13 Ki'iDp, W.— Bninhiiig milln December 11 
8SS8 Fayoo. J. B. — plDDlugmacbinea— DewmberSO 

814 Jobiuoo, J. H. — spiamng machine* (com.)— April 1, 1861 

8211 Sclby, F.-BoUer»— December 31 

81S4 8b(!pb<*rd, J.— Apparatiu for cleaoiing iteam-boller*— DMembsr S6 

1173 Scoville, O.— PUUw* for iteaffl-engiiie*— April 18, 18<2 
S80T Orimaldi, F. - Kotary steam -boUeri—D«a]mber 21 

TO De Xonnaod]', a. R. M.— Fixing tabe*in pUtes— Janaary 10, 1862 
8S4!S Green, T.. and Oreen, W.— Chata wheels- Deoember 81 
lOi Hughes, £. W.— SliiUeable rylinden - Jannai? 14, IMS 
8S89 Silver, T.— Steam governor*— Deoembor St 

8034 RaUrtoD, O.— Coating for ships' bottom* (oom.) - Decfflnber < 

8120 Prlend, J. W.— Apparatus for roeamring speed and d iil a n ees— December 1 

8194 Tipple, W.— Paddlewbeeb-DeoemberlO 

8048 Clark, O,— Iran armonr-platae Ibr Teasels— December 7 

8J61 llrnry, M.— Flre-am* (com.)— December 28 

3072 Untcliinmn, W. K. — Ordnance and projectile* — Deoember T 

S245 Vclntyre, J.-Bomb^he.b— Decemlwrl? 

809 NowtOD, A. v.— Flr«-artn« 'com. J— February 6, 1882 

841 Uinaas. W. L.—Houuiiug ordnance March IT, 1862 

148 Comgorth, J.— Oun-barreU-January S4, 1802 

8fl«9 JoUejr, R.— Oases, &c. — Dewnsbcr T 
80T(i tiorland, B. W. — <ulphat« of cuppor— December T 
3241 Moreau, P. A. -Faltx aud reaioous iiatwtaocea (oom. 1— Deoember 17 
183 Martin, L.—SIiuera] oUi<.— January 22,1861 

8198 Oark. W.— Ladfer molcbe* icnm.)— Dawmber 10 

8217 Rusindell, J.— Apparatns fur separating M^d ftvm liquid snbaUDoes— Dec H\ 

3082 Fordrod, J.— Improvemont In tr«atiiig lioaeed oil— December 
3118 Tonnar, A.— Brvwing-Deceabcr 12 

3299 ioaen, J, — Lead and other soft owlaia — December 26 

139 Romaino, R.— Steam cultivator— Janaary 17, 1662 

8242 Bright, T.— Chaff machines— Deoember 17 

311.'^ Ugh«fo«t, W.— Bridle- December IS 
Till Marsh, T.— Haoies for horMs- March 22, 186S 

SOU Btnoman, R. A. — Photographic albomj (com.)- December 4 
31 1£ Wiley, W. E.— Pencil case*. »c.— Doeerobor 13 
39 Newtou. 4. v.— Manufaclure ofcigan icouk,)- January 6, 18(1 

8100 Wailci, R— ilpparatat for cleaning windowi. 6;c.— December 20 
8230 Standing, T.—Clud«r-aifleis - December 2S 
810 White, T.— Nut aud lob*ter-cnict.ert— March 14, 1861 

31 S5 TVctiille, A., and Trailer. F.— Cards and tickets (com.)— Decsmber 10 

Z'ifA Hvl.iin, J.— Blind-racks.— December SI 

14$ Mappin, W. S.— Locks-January 20. 186X 

26 Belloche, F. S. - Parasula^Janoary S, 18(12 

S'.«)0 Uarrey. J. F.— UmbreUas and Parasols— December 24 

S08T Clirk. W.—Olovai (con.) -December 9 

S0!4 Vofil, D.-Oannenta— Deoember 10 

S2I« Smith, C— .Slays- December 14 

821H Smith, C— Stay*— DecnmboT 24 

iili Kodiner. L. R. — Knapsadu (oom )— December 34 

40.1 Ilenlson. T.— Wat«rxlai>8te -January 14, 1862 
3094 Dogoiam.V. L.— Faring roads- December 10 

S093 Redier, J. A. J.— Watchea— December 10 ^ 

1M8 Tyler, J.— CUriaiMU— May S, 1861 
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LECTERN, INTERNATIONAL EXHIBITION 1862. 
^WitK an £n^ravtn$r.) 

Thb Lectern we illustrate in the accompanying plate is the 
production of Messra. Hait auil Son, of Cockspur-Btreet, Loudon, 
designed and manufactured expresaljr for the lulornational Ex- 
hibition. The workmanship does them great credit, and is likely 
to add to the reputation of this already eminent firm. Their 
I&bonrs were rewarded with a medal, " for great beauty and 
TKriety of design, and perfection of workmanship." 

The lectern is divided into three stages in height, terminatine 
with an allegory — the Gospel overcoming Infidelity, represented 
by an eagle trampling on a dragon, which supports the book rest; 
under this is a foliated crown, the band of which is ornamented 
by twelve crystaU set in |Mter«; then comes a quatrefoil 
column with cap, b.ise, and annulet ; under thia again are 
six small ahaft« with caps and bases, burrouuding the maia or 
centre one, resting on a blocking. The base is circular on plan, 
snrronnded by six scroll straps, connecting it with the bloclciug 
on the centre shaft. The whole restd ou eagles' claws, one 
coming under each strap and fixed to the base by rivets. On 
the book rest is a cross, surrounded by the evangelistic signs in 
black incise, on the underaido is a foliated decoration. The 
whole was designed by Mr, Beutley, architect, London. 



CONVENTIONALISM IN ORNAMENT. 
Bt Jous p. Seudon, M.R.I.B.A. 
' CoirrKirrioSALiBM" I take to mean, jirimarily, what is artificial, 
contrndistiuction to what is natural, and " conveutioDalism in 
__ iment" the artificial treatment requisite to maintain con- 
sistency with regard to ita mateiiai, purpose, and position. The 
word will, however, bear other meaniuga, for when applied to 
what is already artificial, its ohpect can only bo to express that its 
au^.ificiality is' intensified : it is so in relation to architecture; 
the Dictionary of Architecture it is defined to be " that 
acceptation of some arrangement or disposition in art, or 
I of art, at variance with the ttrict canons of taste or laws 
'propriety, but admitted by common assent, either from habit 
■ to suit some specitd purpose otherwise unattainable." Now this 
finition is correct doubtless so far as regards ita application to 
.chiteolnre, because that art is altogether artificial itself, and 
ierefore the application of the term conventional to it would 
_Bfer to some extreme mannerism, some exaggeration defiant of 
the laws of propriety, — such as the constant repetition of the 
forms of carpentry rend<?red in stone, which characterises the 
buildings of India, and even the whole of the Classic styles. 
Almost all the so-ciiUed ornaments of the modern ItAlian build- 
ings, broken and misplaced pediments and the like, are indeed 
conventionalities, " at variance with the strict canons of taste." 
Conventionalism, in the sense of mannerism, may also be fitly 
used as a term of repm*ch in reference to arts which do not 
rightly admit of such artificial treatment at all, and which, wheji 
not drinking deeply of the spring of truth in nature, stagnate 
altogether. Sach vfus, the case with painting while under the 
Bvzautine influence, before Cimabue, Giotto, and the early Chris- 
tian painters of Italy, infused life into its veins; and long, even 
in spite of their efforts, did many of the conventionalities of that 
period continue, as for instance the elongated, sleepy-looking 
eyelids of their saints, of which malicious report averred tlmt 
one of oar esteemed Medireval revivalLsta was so enamoured, 
that he hnng weights to his own children's eyelids in order to 
nuke them grow into the said approved form. And again, at a 
later period, when the art had thrown aside all these clingiag 
cerements of its Byzantine sepulchre, it succumbed to the false 
conventii>nali8m introduced by the school of Raphael, when, to 
the dicta of the fancie<l rules of high art, priests and propheta 
■talked about in blankets, and played the parts of theatre saper- 
muneraries, to bolster up one of the absurdestof conventionalities 
— ^the theory of compK>sitiou. 

Conventionaliara, however, in the meaning I have attribute<l to 
it in ornament, is by no means to be disapproved of; it is one of 
its essential characteristics; and ita absence, not ita presence, 
therein, would be a violation of the strict canon of taste and laws 
r propriety. 

Yet, aa ornament stands as it were midway between architec- 

ire and ita handmaids sculpture and painting — parUking of the 

ar of each, being more decorative in its nature than archi- 




tecture, more artificird than sculpture and painting — the degree 
of this oonveotioiiiility proper to it is far less thiiu that retjuisite 
in the former, and far more than that which is desirable in the 
bitter. It is not indeed easy to define its exact bounds, as they 
vary under different circumstances; yet, ita abernitions on either 
the one side or the other are perfectly distinguishable, though 
with singular pertinacity almost .-dl modern omaraeui^ trans- 
gresses in either the one direction or the other, consistently 
refusing lo remain within the right bounds; wherc,^ the orna- 
ment of every age, |)eriod, and clime, up to the period 1 have 
elsewhere named the Dark Ages, flowed on steadUy, without 
any apparent wish to deviate from ita proper course in this 
respect. 

My present object is to endeavour to point out the proper 
degree of couveutionulisni that should obtain in omaiu'-nt; to 
mark out, as well as it is in my power to do, its boundaries; to 
give warning of the rocks that, like Scyila and Charybdis, lie on 
either side, in the shape of too close an affinity to, and of too 
great a neglect of, the type taken from nature. 

I shall assume then, firstly, the axiom that the type of all 
ornament mutt be nutural or imitative of other work oj man; 
for since, born in this world, man has no other ideas than those 
he has gle:iued herein, some natural production, either animal, 
vegetable, or mineral, must be the type of that wheri.-wilh he, aa 
an imitator without any pretensions to being a creittor, seeks to 
ornament his work; and if ambitiously he would ]x>rlrny hc^ucb 
of heaven, hell, or localities of pure imagination, his augeU will 
but prove to be a combination of bumtmity and wings; his devils 
will differ only from those in being ugly and black, with poasibly 
the addition of tail, with horns and hoofs; while his most weird- 
like monsters can be but a jumble of fish, flesh, and fowl, tlores- 
cent it may be of limb, and arborescent in their extremities. In 
the highest, because the most spiritual and purpose-fuJ, art the 
world has seen, that of Mediteval Christianity, if we were to 
isohite some of the conventional repreiietittitioos by which it was 
Bought to signify matters and things beyond the power of art to 
imitate or conceive, from the context which justified the attempt, 
they would seem puerile enough. The uiiubus round the beads 
of the figures of our Lord may conventionally indicate, but it in no 
way actually represents, the glor)' of his holiness. The illus- 
tration given in Didron'a 'Christian Iconography ' of our Lorti 
in an auriole supported by angels (from a can-ing in wood of 
the fourteeuth century), sutficiently and legibly stands as a sign 
of the heaven to which He is ascending, and is a fair conven- 
tional rendering of the firmament, with its suu, moon, and stars 
— unpretending, yet in no way riiliculous in ita place; and it 
may be 'compared with advantage to the mwlein puerile and 
almost, blasphemous attempU to represent the actuality, by 
cloudQ resembling pancakes, and suns like exaggerated starfish, 
which irreverently provoke smiles in the chapela of Weatminater 
Abbey. 

Ornament may be classed as either the repretentation of some 
typefottnd in nature, or of the work nf man; and these may both 
be treated with more or less of conventionality. 

Aa far as I have been able to examine, it would seem that in 
the rudest state of barbarism, among human beings scarcely raisetl 
above the level of the brutes, before they even gain sense suffi- 
cient to cause them to build themselves huts to live in, they 
make clubs to batter out each others' brains; and these they 
delight to ornament so that the deed may be done in a gentle- 
maulyaud refined mauner,acoordiug to their notions; and the type 
they select to imitate is the markings of the bark of the treesaround 
them. The next step in civilisation is to build huts, and the 
next, in ornamenting them, is to whittle the posts in a similar 
manner. Again, if you look to the prevailing ornaments on the 
buildings of India and the Etist, a very slight analysis will show 
that the types are few, and derived by imitating in stone the 
features of previous wooden buildings; or, as Mr. Simpson re- 
cently pointed out, by carving as rosettes and beads in stone the 
jewels and strings of pearls which as offerings had been bedded 
in the piaster of earlier temples. So that out of the work of men 
before them, these Indian builders elaborated a type of conven- 
tional ornament, and not directly from nature itselft 

So also did at a hiter date those authors of all architectural 
evil, the Romans, who, dangling from a peg a conglomeration of 
military boots, helmets, cuirasses, and weapons, made auch a type 
of couveutional ornament; which piles of absurdities being termed 
trophies, were the precedents whence sprung all the abominations 
of the ornament of the Beoaiaaanoe period, till the very name of 

AS 
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a trophg haa in the never-failing course of justice been tamed 
tato ridicule by the far more sensible, if not more beautiful, 
pyramids of candles and kettles, pickles and tors, which encumber 
the avenues of the World's Fair-booth of to-day. 

But early at any rate, bow early we need not pause to inquire, 
men saw also in tlie fair forma of the leaves and plants around 
them lovely shapes which it pleased them to reproduce, and in 
those of the birds, beaat^ and fish which owned their supremacy, 
and In their own likeneaseB, worthy themes to carve and paint 
from; and their coiumon-sense, orinsliuct even, told them that if 
they would reproduce these as ornaments they must at the same 
time obey the rerjuiremeuts of the materials in which they had 
to Work them; that it being hopeless, as well as useles;* and wrong 
to try to make their work to be. mistaken for the things them- 
selves which they were copying, it needed some orderly arrange- 
ment, Bud in fact a conventional treatment, to adapt the types to 
their purpose; and it was left, not even to the Romans, though 
few were the artistic vices in which they did not indulge ; not 
even to the Italians of the Renaissance School, though they 
parodied all the merits, and intensified all the demerits of Roman 
art; but to Grinling Gibbous and his crew, under Sir C. Wren, 
to tread roughshod over all the instincts of our nature in this 
respect, to dispense with conventionality, and vainly strive to do 
in atone and wood that which nature only has attempted to do 
in gossamer and guaze, forgetting the purpose and position their 
work shuuld fulfil and was destined to occupy; and so around 
and within the massive structure of St. Paul's hung their swags 
of frnit and flowers, mere tape-tied flimsy vanities, ignoring the 
fact that they are, and should appear to be, a part of its stone- 
work, and rendering puiufully obvious the barrenness of any 
proper decoration, the place of which neither they nor the 
cherubs that seemed nailed up everywliere like bats on a barn- 
door, can worthily fill. Yet these, with all their faults, can boast 
of consummate execution and great freedom and grace, that, 
wei*e they otherwise employed, might command our admiration 
and respect. It is to the preaentdiiy that thnnka (if thanks be the 
due) we are indebted for the notion that the [lellmell piling up of 
all the contents of the poulterers' and fishmongers' shop > strung up 
with neither order nor arrangement, and with conventionality 
defied, is ornament ! It is in the International Kxliibitiou of 
18(i2 that, if we seek them we may find (uay, we must find, 
even though we would avoid them) huge buffets and sideboards, 
flauketl by female giants in oak or wnluut, which are neither 
useful nor oruameutal, and down whose panels, despite dogs* 
heads and whatnot supposed to restrttin them, slides a perfect 
cataract of j)tarmigan and gi'ouse, wiUl fowl an<i fish, lobsters 
and crabs, with other crustncro and mollusks, all done indeed, as 
it is said, to the life, but us ornamtiDt absolute monstrosities, ont- 
done only by the Robinson Crusoe and Shakespeare sideboards 
in which this species of the ridiculnua nearly attains the sublime. 
Against the otlicr clnl>orat<» cJirvings in woo<l, which are placed 
nnderglass cases in the Euglish and French furniture courts, there 
is no such objection to be made : they are simply what they profess 
to be — mere representations of cocks fighting, groups of auimals 
dead or alive, wonderful in their way for elaborate execution, 
but not pretending to be oruiuuent, for which they are touUy 
nnfitte*!. 

You see, therefore, that ornament, which I have broadly 
divided into the two classes — viz., (1) that founded upon natural 
types and (2) th.tt founded upon the work of man — is liable to 
error, either by luck or by excess of conventional treatment, and 
that each clas.s haa its own peculiar vices, Modern ornament is 
mostly of the first description ; and 1 thiuk I could not give you 
a better typal example of it than those gates in the nave of the 
Ezbibitiou. whose thin metal foliage looks like the nupruned, 
ragged, well-smoked side of a hedge in a London square, or like 
natural leafage rubbed over with black lead; the unfitness of wliich 
for the purpose 1 am sure all will confess, if they will coiupare it 
for a moment with the far more rightly treated work on the 
screen for lloi-eford Cathedral (in the transept) by Mr. Skidmore, 
of Coventry. 

AlmcMit all Oriental art is of the latter class, the entirely con- 
ventional, and may be seen in very glorious perfection in the 
Courts of Indiii, <!|iina, Japan, and Turkey. It is almost always 
right in priQcijile, graceful in form, but it is difficult to discover 
any specific tyj>e« for its foliage and flowers; its principal exeel- 
leooe seems to be ita unerring harmony of colour, which wakes 
our b«at Earopean attempts appear faulty experiments in oom- 



parison in this respect.* It is strange that these qualities should 
be found together with besotted superstition, and cruel and 
bestial criminality, as recent events that have passed into history 
have proved. But the arts in those climes seem to have stag- 
nated at this point of perfection for centuries, and they show 
neither progress nor healthy study of and delight in nature, the 
foliage being altogether nondescript, and the figures introduced 
rather being monstrous than grotesque, and telling little or do 
story — at least such is the case with Indian work generally; 
wh Teas, in Japan, where manners wo are told are more genial 
and civilised, there seems to be altogether a better or higher 
class of art practised, even if in less perfection of the same me- 
chanical sort. Among their bronzes in the exhibition are to be 
fonnd much grotesque work of a pleasant character, almost 
resembling the Mediisval; and their japanned goods present some 
splendidly treated birds and plants, in which the spirit and 
beanty of nature is preserved, with a proper degree of conven- 
tionalism. Of the glorious Mediteval grotesque itself, the present 
Art Loan Collection, and also, I am glad to say, that in the 
permanent collection in the South Kensington Museum, present 
many splendid specimens, which deserve the deepest study. 

The best Classic and Mediasval ornament seems to hold the 
proper middle course between over-conventionalism and over^ 
naturalism; and to Greek art we may refer for, I think, perhaps 
the most excellent work of the class the world has produced. 
The Greeks seem to have had little invention, but the most ex- 
quisite feeling for grace and proportion. Their types of orna- 
ment are few, and seem to be derived from the earlier Egyptian 
or Oriental styles, but their constant repetition and little variety 
is somewhat monotonous and lifeless. The Romans, who stole 
all they had of art from the Greeks and then vulgarifsed it, took 
up the type of the acanthus leaf and worked it to death; but its 
merits are yet so great, that we should acknowledge them more 
gratefully were we not absolutely wearied of it by ils fulsome 
repetition in modern daya It was in the Romanesque style 
that life and vigour was first infused into it, and its leaves 
bend under the bells of the capital, and intertwine and 
writhe as leaves should do, yet always like leaves of stone; 
whereas, in the Corinthian capital, they are so treated that 
they look as if they neither could nor dared to deviate one 
hair's t/rendth from the ordered arrangement and precise atti- 
tude in which they were first put; so that even that most 
melancholy of modern makeshifts, the casting the separate 
leaves in cement, and sticking them around the amouthed bells 
of the capitals, hardly aeema to do them violence ((d though of 
course no capital of any other reaaouable style would submit to 
be so treated without the utter degradatiou of the whole) ; and 
we can bear to see them in Belgravia, veile<l in wlre-baiikets from 
the access of sparrows and the inspection of men, without a 
pang. 

The Romanesque and the Byzantine ornaments were both 
developments from the Classic acanthns work; and I might 
dwell upon the host of interesting examples we still possess of 
either class, hut to give an historical survey of all that haa been 
done in the way of ornament is not my present purpose; so I 
must leave the ever-varying capitals of St. Mark's nt Venice, and 
of the numerous Romanesque churches in Northern Italy and 
<m the banks of the Rhine, and the very similar works in France, 
such as that at Poictiers, and the cotemporary Anglo-Norman 
work; merely by the way calling attention to the vigour and 
grt>teHque fancy with which they all abound, and the sujierior 
frenlom from restraint in their foliage in comparison with that 
of their Classic prototypes. But this freedom and vigour waa 
retained, while far greater precision and care in execution pre- 
vailed, as soon as the Gothic element began to modify the arte of 
Western Europe. Men were then no longer content with the 
worn-out Classic type« of ornament, which gave but little scope 
for their energy and love of variety, and they began to see that 
nature tecmetlwith forms quite aa auitablo for their pur|>OBe as 
the hackneyed aciinthus. A complete Flora in stone souu attested 
the success of their studies. Upon this I desire to dwell aonie- 
what 

{To U erndtiided in our luxt.) 



* I wiib lo caQ atteDtioo parlicnluiT to tbe ■baenn of tmw colcnin in their «aA, 
wlicruu Uie eye U elwirhere ooatintuU; injureiL, u not a little iii liir liKorMictwaf 
the bnUdiug, b)r rude, crude, tiavf ultramuiDe, npoo which iiAiiy piKueni It vere 
much lo be vUbed & beav; tai might be laid, U nut on altogether pruhibiturj datj. 
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GAS ENGINEERING AT THE EXHIBITION. 

Maht importaot pracLic&l improvements have been mnde io 
tie manufacture ftnd diatribation of coal goa during the eleven 
yewrs that have elapsed since the great Exhibition of 1851. 
Tlieee improvementa relate however more to the economical 
production of gas than to any actual improvement iu the 
qiuUity, though the public have to a considerable extent derived 
benefit, not only in a reduction of the price charged, but in being 
sapplied with gas of increased illuminating power. One imports 
sat effect of the experience gained during the fuist eleven years 
has been the resolving of doubts respecting the substitution of 
some other material than coal for the production of ilium i nation. 
Many have been the plans proposed, some of which bid fair for a 
time to supplant coal gas, but they have one by one lost favour; 
and it is now more fully established than at any period within 
the hist twenty years, that co-il gas atfords the cheapest aud the 
deaoliest mode of obtaining artificial tight. Nor ought we to 
omit to mention, as an important event iu the history of gas- 
lighting, the application of Boghead coal, which material had 
b^n discovered only a short time before 1851, and the import- 
anoe of which, in the manufacture of gas, was then unknown. 
That substance— a richly bitumenised coal found near Edin- 
burgh — produces gas of three times higher ill ominatiog power 
than Newcastle coal; and it has supplied the means of readily 
proving the quality of the poorer kinds of coAl-gas. It is now 
rely used for that purpose in most gas works, 
he improved processes of manufacture consist in the appH- 
>tion of more economical plans of distiHing coal, by the u^e of 
j^henware retorts; in the use of oxide of iron for the purification 
of gas in towns; and iu the additional value that has been given 
to the waste products by new chemical discoveries. 

The advantage of employing earthenware retorts as a substi- 
tute far iron was discovered by Mr. Grafton as early as 1820, but 
it was a long time before gas companies could be convinced of 
their superiority. These retorUt require a peculiar mode of 
working to produce gas of an equal degree of illuminating power, 
and, as made aud set when first introduced, they were attended 
with great leakage of gas. To prevent that loss it was found 
necessary to employ "exhausters," to reduce the pressure of gas 
in the retorts, aud with that addition and improved modes of 
oioatructiou aud setting, the inconveniences of clay retorts were 
removed, and their durable qualities were found to make an 
iinportant diilereuce iu the cost of retorts. Of eartJieuware 
retorts, of fire bricks, and of different modes of setting, to form 
" beds" of i-etorta iu which the fuel for heating them is applied 
in the most economical manner, there are many illustrations in 
various p>arts of the Exhibition building. In the eastern annexe 
there is a model of a setting of seven double clay retorts (283), 
exhibited by Mr. A. Potter of Newcaatle-on-Tyne, which presents 
some peculiarities; and iu an open court of the same annexe there 
Ls a full-sized setting of six of Mr. G. Walcott's clay retorts (387), 
in which the ordinary mode of setting ia reversed; the spaces 
between the flues, which are mafle of hollow bricks, forming the 
retorts wherein the coal is distilled. In Class X. there are 
exhibited fine specimens of clay retorts aud fire bricks by Messrs. 
J. Cliff and Sou, of Wortley, near Leeds (2^59); by Messrs. J. 
Cowen and Co. of Newcastle-on-Tyne (2205); by Messrs. Fishe 
Brothers and Co., of Stourbridge (;228I), and by other mrkniifac- 
turers: and Messrs. Hamsay and Sons of Newcastle, and some 
makers of clay retorts from Stourbridge, contribute largely in 
the eastern annexe. 

The improved process of purification by the oxide of iron has 
been the cause of miich litigation, as there were several claimants 
to the invention of the process. Mr. Hills, who has succeeded in 
establishing his claim, has, it is understood, made as much as 
.£6000 per annum, b^ granting licenses to use the process, bat 
Uie term of his patent has now nearly expired. The principal 
advantage of that method of purifying gas consists in its avoid- 
anoe of tne strong disagreeable smell that is produced when lime 
~ employed to deprive foul co,al gas of its flulpburetted hydro- 
n. The sulphur is libei-ated by the oxide, or combines with it 
the form of proto-sulphide, without any smell, and one great 
[vanta^ of the process is that after exposure to the air the 
'de of iron becomes revivified, and may be used over and over 
sgain. The use of lime is still necessary to remove carbonic 
add, which Ls one of the greatest impurities of coal gas. The chief 
benefit therefore that is derived from the new method of purifi- 
ion is the removal of a nuiaaiice} which when lime alone 



used ia very great, and renders the establiHliment'of gas works in 
a popiUouB locality next to impossible. The method of applying 
the oxide of iron process differs little from that of purifying gas 
bv means of dry lime, and there is no exemplification of either 
plan of purification in the Exhibition; but there are several 
specimens of improved valves and passages for regulating the 
flow of gas to and from the purifying chambers. The four-way 
valves of Messrs. Cockey and Son of Frome, that are among the 
best and cheapest contrivances of the kind, are exhibited in Class 
X. (2261), ami near to them are the valves of Messrs, C. Walker 
and Sons (2357); whilst among the machinery iu motion, in the 
western annexe, will he found valves for gas by Messrs. Donkin 
and Co. (1840), and by Mr. J. Beck (1796). 

It has long been an object of tmpoTtance with the manufac- 
turers of coal gas to turn tiie various products to the moat valu- 
able account. The value of the coke alone is generally equal to 
three-fourth parts of the cost of the coal carbonised, and could 
it be produced from the gas retorts in the dense metajtic-looking 
condition fitting it to be consumed iu the furnaces of locomotive 
engines, its value would exceed that of the coal distilled. Many 
attempts have consequently been made to give increased solidity 
to gas coke, by employing larger retorts, and by conducting the 
process more slowly. Such attempts have, however, generally 
failed, for the gas generated at a comparatively slow neat pos- 
sesses much less illnminatiDg power. Among the many con- 
trivances proposed and tried during the last few years was one 
fur making metallic coke iu large ovens, the gas produced being 
coDsidei-ed merely as a product of the manufacture, to be sub- 
sequently rendered illuminating by impregnation with hydro- 
carbons. The most successful plan of this kind is that of Messrs. 
Pauwcl's and Dubrochet, who have taken out several patents 
for it, and it ha.s been successfully applied on an extensive scale 
in P:iris. In England, however, there has not been much im- 
provement in the qu.ility of the coke, but there have been great 
advances made in the application of the other products of gas- 
making, especially of the tar. That material, which formerly 
accumulated in gas works in quantities tliat were difficult to be 
got rid of on any terms, has, by improvements in the chemical 
arts been converted into a great variety of articles, and promises 
to become a valuable addition to the income of gas companies. 
Iu the Great Exhibition of 1851 there was a single paraffin 
candle shown as a curious product from peat; in the present Exhi- 
bition there are tons weight of that beautiful substance, in crys- 
tallised masses or manufactured into candles, all extracted from 
the " waste " tar of gas works. Some of the most beautiful dyes 
are extracted from the same material, and among the chemical 
products in the eantern annexe will be found numerous sam- 
ples of dyes .nnd colouring matters obtained from coal tar. In 
a recent lecture flelivered by Dr. Lyon Playfair, at the Royal 
Institution, he displayed a great variety of silks and woollens 
dyed the most beautiful colours with the products of coal tar, 
and for the purpose of presenting in a striking form the result 
of chemicnl pro e^ses, he placed on the lecture-table a block of 
coal weighing KK) lb., and ranged round it were the various 
colouring matters produced from the distillation of a similar 
mass, and the quantities of wool died with equal quantities. The 
facility of obt.'iining dyes of almost every colour fmm coal tar is 
so great, that Ur. Playfair anticipates that this country will, in a 
few years, become the exporting country for dyes, even to those 
parts of the world whence we have hitherto been accustomed to 
import them. 

To facilitate the introduction of gas lighting in villages aud :u 
private eatabliahmeuts, remote from gns nmias, several forms of 
apparatus have been contrived for manufacturing gas on a small 
scale, aud of these there are three exhibited, Messrs. Porter 
and Co. of Lincoln, and of John-street, Adetphi, exhibit in ClaasX. 
a complete apparatus of this kind, which, within a sninll coin- 
pass, comprisen all the things requisite for distilling the coal, for 
purifying the gas, and for distributing it to different parts of a 
building. The patentees assert that the apparatus is cleanly and 
devoid of nuisance in its working, and that it produces gas at s 
price, varying with the size of the apparatus and the cost of 
coal, of from 1». Qd. to 4«, per 1000 feet The charge for a com- 
plete ga<»-work, capable of supplying fifteen lights a day, is only 
.£50, and the price for larger siz' a is less in proportion. Mr. 
Bower, of St Neots, and Mr. Edmundson, of Dublin, also ex- 
hibit in the same class apparatus of a similar description, and 
the Irish invention professes to have the additional advantage of 
with the fire employed in heating the retort. 
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Some of these diminutive gas works are portable, and they might 
be placed ou board ship to light the decks, or on a railway truck 
to supply gas for illumiDatiDg a train of c^vrriajjos. 

The apparatus in the Exhibition connected with the distribu- 
tion of gas — particularly gaa meters and goa fittings — is abun- 
daaL In a small court in the south-east transept there are 
placed apecimensof metera by nearly all the principal makers; 
and others are diajwrsed in various parts of the building. Mr. 
G. Qlover, for example, has a separate stall (22'Jl) in Class X., 
and in the same claaa the meters made by MeiwrR. Luidlaw and 
Sons, of Glasgow, are exhibited; while in a far-diatanb corner of 
the northern gallery there is placed a specimen of the meters 
made by Mr. Sugg (63i5<)). Wet and dry meters compete wltli 
each other in nearly equal numbers, and those who are interested 
in the construction of this ingenious kind of self-acting appara- 
tus will not fail to be gratified by an inspection of Mr. Richards's 
case (6342), containing a collection of many kinds ot meters in 
various stages of manufacture. In several instances the instru- 
ments of other makers are fitted with glass fronts, to show the 
action of the wheels or di.iphragraa. The last in%'eation by the 
late Mr. Clegg, the original inventor of the gas-meter, is exhibited 
by Messrs. Bischotf, Brown and Co. (0283), and, hke all the appara- 
tus of his invention, it displays great ingenuity, (jraseliers, chan- 
deliers, and gas burnsrs of every description of ornamentation, are 
amply represented in different parts of the building, particularly 
in the meter court already noticed, and among the hardware 
manufactures. Messrs. Uardman and Co. have a court of their 
own in the south-east transept, filled with Mediseval metal work, 
including a variety of gaseliers. Messrs. Hart and Son (6307), 
Messrs. Hulett and Co. (6.317), Messrs. Messenger of Birmingham 
(0327), Messrs. W. Wiufield and Son, also of Birmingham (6257), 
utd the Skidmore Art Manufactuies Company of Coventry, are 
Ooospicuous in the display of numerous elegant and brilliant 
devices for the burning of gas. It is curious to observe the 
variety of ways in which one of the most important recent inven- 
tions is applied by modern artificers to the scmbhince of objects of 
past times, so as to adapt, if possible, the practical improvements 
of the present age to the imitation of devices of an age in 
which g^-lighting was undreamed of. We do not notice, 
however, that in any instance has innovation proceeded so far as 
to make a jet of gas issue from a fictitious wax candle at an 
altar table; though the apparent miracle of an ever-burning 
non-conaumlng candle might have been turned to good account 
in monkish times. 
On taking a rapid retrospective glance at the improvements In 

, gas lighting since the last Exhibition, they appear to be mther of 
a solid practical character than to present anything brilliant or 
striking. They have tended hitherto rather to improve the 
position of gas companies than to benefit the consumers of gas, 
thoiigh the latter have partially experienced the advantage of a 
diminished price with im|)roved quality of light. The business 
of ^as lighting has been advanced from a speculative under- 
taking to a well-regulated commercial enterpnse, and very high 
profits are no longer considered necessary to recompense share- 
holders for the risk of engaging in such works. In all recent gas 
Acts of Parliament, clauses have been introduced limiting the 
profits to 10 percent at the most, and the rapidly improving 
circumstances of nearly all gas companies are bringing them near 
to the highest paying point, after which all further addition to 
profits must be devoted to reductions of charge. The increasing 
Acility of manufacture, and the increasing value of the '* waste 

•.product.^ " of gas works, will thus lend in a few years to produce 
a still further reduction in the price; and, it is to be hoped, a 
further improvement in the quality of gas. 



PASSAGE, ON THE LEVEL, OF A TORRENT ACROSS 
THE CANAL DU MIDI. 

Amomq the very interesting and instructive collection of 
models and drawings of French engineering works now in 
the International Exhibition, may be seen a model l-25th 
full size and two drawings, representing a work certainly 
uniaue in its character, — no other than the passage, on the 
Llevel, of a torrent across a canal. The torrent in question is 
^he Libron, which crosses the last level hut one of the Canal du 
lidi (called the level de TEcluae Ronde) at a distance of 1300 
nelrea from the Mediterranean. Often dry, and commonly con- 



taining but a scanty supply of water, the Libron saddeol] 
assumes in wet weather the character of a violent torrenf 
bringing with it masses of sAnil and gravel detached from 
friable mouatain* and rocka among which it takes its rise. 

At the point where it crosses the canal the bottom of the bed 
this torrent is even with the higher level of the water, whic_ 
ouly exceeds the mean height of the sea by 90 centimetres or 
about 3 feet. This clrcnmstance rendered it liupoasible to cou- 
struct such a work as would in ordinary cases De employed tiH 
keep an artificial watercourse clear of the natural streams wi^| 
which it meets. 

The inadequacy of the fall made it impossible to take tbe 
Libron imder the canal by a syphon aqueduct, which would ha' 
been liable to get constantly choked with snud. And the cai 
in;/ the canal by an aqueduct above the highest floods of tl 
LiI>ron was also in a sense impracticable, since it would bv 
involved raising the canal many metres above the level of tl 
plain for a distance of more than iO kilometres (12 or 13 miles.] 

DiJring the tir^t yeirs of the execution of the canal, t 
Libron had no determinate bed. After rains its waters sp: 
over the plain and dischargetl themselves at many points in 
the level de TEoluse Ronde, filling it with sand and gravel 
such an extent as to render dredging necessary to restore ih»* 
navigation interrupted by tliese deposits. 

The firat step taken was to confine the waters to a single bed, 
and carry the stream across the canal through a species of li 
or basin h.iving transverse and wing walls, the course of 
canal through the lock being commonly open, but closed darini 
the rains by strong dams; which were fixed by means of groo 
in the mnsonry, and removed after the turbid waters had i 
themselves. This arrangement confineil the silting up of 
of the canal to one spot; but the barges were stopped not 
during the continuance of the floods, but also during the pli 
and removal of the dams, and the re-excavation of the basin 

Subsequently these interruptions of the navigation were short- 
ened by pliicing in the basin a pontoon having its deck level 
the bed of the stream, and having at its sides wooden bul« 
of sufficient height to convert it into a species of aqueduct 
enough to carry the flood waters. In ordinarj* w^athi 
pontoon was moored on one side, out of the way. In 
flood it was placed across the basin, so as to form a ( 
channel for the torrent, and while in this position it of ooone 
stopped the passage of the boats. 

At length, after the stoppages of the year 1853 (which exteodeil 
over no less than a hundred and five days), it was resol 
instead of replacing the pontoon, which had given way under 
weight of gravel and sand deposited on it, to try to devise so 
expedient for keeping the navigation uninterrupted. This a>d 
was attained by means of the present work, of which the follow- 
ing is a description. 

At the meeting of the Libron and the canal two npw hp<h •■r 
branches symmetrically placed were dug for the s 
at 50 metres above the canal, and reuniting at th^ 
below it. These two branches, each of which is of e^jnai sectioo 
with the old bed, are separated by a basin exactly similar to » 
lock, and affording room lorone boat. 

In these two branches are placed, on each side of the canal. Mid 
in a direction parallel with it, an equal cuml>er of archways divi- 
ding each arm into bays, which can be closed against the stiMiD 
by floodgates working in timber framing. By means of Uie» 
floodgates the torrent can be stopped, and catised to flow thlOQ^ 
whichever channel is desired. 

To keep the turbid waters from mingling with the wateM «( 
the canal, movable aqueducts or troughs of timber are proridid, 
two in each bay, of the same width as the bays, and of a lem^ 
equal to half the width of the canal These troughs are •»• 
pended from trucks, which run on rails carried on vaultie/ 
masonry, which are built across the canal. 

During floods the torrent passes alternately through mA of 
the two branches, as they are opened an<l closed by tbe slnffls 
In the branch where the floodgates are open, the tr 
brought together, so as to cover the entire snirfare of 
corresponding to each bay. While in this jw ■ 
passage of the boats. On the other hand, in : . >! w\ 

the floodgates are closed, the troughs are witrilmwu into 
recesses contained between the abutments of the vaults iktcn 
over the canal and the arches, leaving an open paan^ 
boats. These recesses are made deeper than the bed o! 
rent in order to take the troughs, and are covered with uiv\ 
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looriog to prevent the silting up which would otherwise impede 
the movemeot of the troaghs. 

It will readily be underatood that from whichever side a boat 
Approaches (during floods) the torrent is turned through the fur- 
ther chouuej, until the boat pa^eH iuto the lock in the middle, 
where it ib made (ast The troughs of the branch which the 
boat has to pasa through are then run together, the flooring low- 
ered, the sluicee drawn up, and the torrent flows for some 
roomenta through both branchea at once. As soon aa the stream 
haa set well on the side by which the boat entered, it is stopped 
iu the other branch by closing first the up-atream and then the 
down-stream sluice. What water remains is ruu ofl' into the 
canal by a valve provided in the partition of the troughs, The 
flooring: in the reoe«aea is then raised again, and the troughs are 
ran back, leaving the paoaage open for the boat to coutinue its 
journey. 



I 



THE OXFORD NEW MUSETTM. 

In our last number we gave a series of sketches from beautiful 
pitaU and corbels in the Oxford New Museum, iuleuding them 
exhibit a peculiar development of art-handicraft in the present 
tune, which is well worthy the attention of architects on account 
of its novelty in modem times, its signiticant revival of an old 
power long lost in the mei-e mechanism of the common workman 
who follows the template and the sketch with most stupid and 
dreary persistency; or, amongst other advantages, as presenting a 
new opening for the development of intelligence in a class of 
1110a which may be of infinite service to the cause of art It is of 
the greater importance that this matter should be well under- 
atoud, insomuch that we have, in the very astute class alluded 
to, Qumbers of men and youths who would not be behindhand in 
forcing an opening for themselves to credit and competency if the 
valao of their work were distinctly put before them, and acknow- 
ledged to be one of the most important developments of the arL- 
•dacatioD now going on througiiout the kingdom. 

That this has sprung up originally, of its own strength, only 
fofltered by the encouragement given to it by a gifted architect, 
now deceased, and liberally employed by him in decoratiug the 
Oxford New Museum, is a (act of acme importance. It is indeed 
•ignificant that the men who wrought these things owe little or 
nothing to the costly Govemmeut scheme which encourages 
** design," and ia recognised in the "Department of Science and 
Art." It would appear as if here, where some education would 
aeetu most useful and desirable, and might be readily aflbrded 
through study of the innumerable models got together from all 
p&rta of Europe by the " Department" in question, none has beea 
given; so th.it again, as ever before, the original spirit of the 
thing h.'W brought forth an able and valuable school of artisans, 
unnursed, and, it may be, unspwiled, by the mechanical routine 
of a drill system that has forgotten uo small portion of its pur- 
pose in the extension of its means. 

Otlicitilly aided or not, there is evideuoe ample enough in the 
works in question to show the existence of a fine feeling for art and 
delicate love of nature, auch as ruay not injudiciously be guided to 
a good result, or left to find its own way to some end such as 
its healthy purpose may declare in time. If we cannot teach 
aucb men, we may at least advise those who might do much 
to extend the movement it indicates, and direct it into a right 
path. At present these decorators and their class are evidently 
beot u^K>n reproducing a sculptor's notion of architectural 
decoratiuu, to the neglect of that held by all architects who have 
•tadied the history and characteristics of their art, and acknow- 
ledge its limitations and peculiarities. 

We wrote last month that the carvings before ns are inle- 
realing, not only on account of their beauty, but from the fact 
that iu them we have the untivo productions of the highly -skilled 
artizan, who, working almost independent of the architect, has 
produced fron his own love of nature, works which will, iu some 
respects, bear comparison with the finest Mediaeval carvings 
aimilariy derived, and in no way are inferior, excepting in the con- 
ventionalising character, which results from a severely restrained 
eoorae of study, bound to the development of architectonic 
sculpture, rather thau that which we are accustoued to style 
Bculpture per »e. In order to ti-ace how it is probable that this 
peculiar direction of the carver's ability has been derived, it may 
IM well to relate something of the history, purposes, arrange- 
ments, and character of the remarkable building they have so 
admirably decorated, 



We must premise that to those acquainted with the history of 
Bculptui-al art, so employed, this inquiry is the more significant, 
as they will recollect that the naturalistic character indicated by 
the drawings themselves, and our words above repeated, was a 
distinct mark of the decadence of the art, and found its most un- 
favourable climax iu mere imitation by (irinliug Gibbons, or the 
fripperies of the school of carving in France at that and the near 
subsequent time. Studenta,.thu8 informed, know the finest periods 
of architectonic carving are those of the severest development, 
being in fact coevid with the bloom of the Early English style, 
culminating iu the so-called Early Decorated, Examples of this 
perfect art, in somewhat arcliaic forms it is true, are or were to 
be found iu the now mutilated wall arcade at Worcester Cathe- 
dral; some exist iu Westminster Abbey, and, wherever the hand 
of the "spoiler" h.-is spared them, in moat of our glorious cathe- 
drals and abbeys, now, nlas ! so thoroughly " restored." Ex- 
amples of the transition from the severely restricleil chastity of 
this order of art are common enough. One of the best of these 
is the far-famed Percy shrine at Beverley. We do not intend 
to compare the Oxford carvings with such work as this, while 
we acknowledge the merits of the Percy shrine, seeing that they 
are infinitely more genuine in their honest elaboration. 

To return to the building. The ground plan of this edifice is 
quadrangular, three sides of an inner court are enclosed by 
buildings, comprising offices, lecture theatres, professors' rooms, 
and minor museums. The fourth side is at present not so fair 
carried out, but remains two corridors enclosed by arcades on its 
inner face At some futnre time, the building wUl be extended 
BO as to receive upon the fourth side a similar mnge of i-ooms 
to those now existing on the other three. The space inclosed by 
these chambers is a coart; this, for economy and convenience, 
has been roofed over with glass, and contains the museum. 
In the original specification of what was desired for the building, 
this glazed centnd court w.is decided upon, and therefore its 
adoption is neither to the credit nor discredit of the architect, 
whose diSiculty was indeed how to give an architectural eflect to 
it. In addition to the quadi-augl(>, there are masses of building 
placed on the north and south sides of the plan at their eastern and 
western extremities respectively. By this means much diversity 
of ap]>earance has been obtaiued, and a number of favourable 
points of view. These slruolurea are respectively dedicated to 
the Anatomical and the Chemical Sciences, Both are furnished 
with open yards, where plenty of air is obtainable, each being 
inclosed by the offices proper to the sections, wliich thus ai'e 
separated from the main building — a needful precaution, aud a 
considerable advantage. 

The laboratory, which occupies the southern angle of the 
chemical annexe, has been designed after the model of the 
Abbot's Kitchen at Glastonbury; it is connected with the main 
building b^' about 50 feet of a lower corridor, aud, together with 
the beautiful pyramid of its high-pitched roof, aud the four chim- 
ney shafts one at each comer of the square basement, is ingeniously 
designed to allow the roof to take au octagonal form, by the 
bretsummers of the furnace hoods cutting ofl' the angles of the 
m-nin four square walls. The Anatomical buildiugs at the 
obliquely opposite angle of the main body being set back give 
considerable variety to that side also. The front, which is on 
the west side, advances in plan slightly beyond the corridor above 
referred to; the junction of the la^t ie marked by an elegant 
turret and lofty pinnacle, which contains one of the stairways 
giving access to the upper galleries of the main edifice. 

The m dn front, thus describee!, is in two floors, with dormer 
windows in the roof. It extends, six windows in either floor, on 
each side of a central entrance tower, where the wall-face, pro- 
jecting slightly in advance of the ftt9ade, ia carried up to the level 
uf the higli-pitched roof-ridge covering the ma-ss of the front, and 
terminatesin a pyramidal slate roof, surmounted by well-designed 
ironwork. At the base of this tower is the porch, in a bold 
recess; over it are two broad lights, of diatinctly pronounced 
character, having muUions, jambs, aud heads carved moat exqui- 
sitely. 

The K^Qeral character of this building is Lombardo-Gothic, a 
character marked iu the lofty pitch of the roof, the coupled form 
of the lights, their diverse grouping, which last is eflected 
with great ability, the character of the qiiaiut dormer windows, 
and above all by the style of the tower. The whole of the window 
mulliona, jambs, hood mouldings, and beads they inclose, have 
been admirably carved by the artisaoa whose work we have 
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alrendy iiilroJuceil to our readere Most of tliese cRrvings are 
beuuliful iiud original. Each of the extremities of the front, 
where the return is, hjia a p:iir of lights in it, well combitied with 
a circular window above thera. 

The disposition of the interior of thia bailding was made in 
the moat sensible manner. Each professor sent in an estiiatite of 
the space and nature of the accommodai ion required for his 
department. Under one roof, Aatrouoray, Geometry, Experi- 
mental Physics, Chemiatry, Miaeralogy, Geology, Zoology, Ana- 
tomy, Phyaiology, Medicine, have a home. These may be 
regarded as a model of couvenient arrangement, the Museum 
being even more succes.'iful in that respect than in the architec- 
tural character of the edifice it-self. Surrounding the interior of 
the building, and looking upon the glaaa-roofed court, are two 
arcaxlea, one above another; these are coi-ridors of communication 
with the different departments just referred to. The glass roof 
springs from above the upper arcade, so that I he arcades of both 
floors are o])eu to the covered court. The arcade on the ground- 
flixir is enleretl from the centre of each aide of the court. In each 
of the areaJes are seven piers, forming eight openings, and carry- 
ing eight discharging arches, within which are two lesser arches, 
resting their outer aides on the piers, and at their junction with 
each other on a shaft with a capital and base. The arrangement 
on the upper story is similar, excepting only that the piers and 
shafts are of less height, though the piers are of the same 
number, On this accouut, in the same burizoutal space between 
each pier four arches are supported by three shafts in the upper 
arca<)e, instead of, as below, two arches supported at their union 
by one shaft. There are, on the ground-floor, thirty-three piers 
and thirty shafts — on the upper floor thirty-three piers nnd 
ninety-five shafts. Thus one hundred and twenty-five shafts 
surround the court ; and, if we iiielnde the capitals and bases of 
the pier^, there are one hundred and ninety-one capitals and 
bases. The slrifts have been carefulJy selecte*!, nodcr the <lircc- 
tion of the Prnfessor of Geology, from quarries which ftirnish 
examples of many uf the most important works of the British 
islands. On the lower arcade are placed, on the west aide, the 
granitic series; on the east, the metamorj>liic; on the north, the 
calcareous rocks, chiefly from Ireland; on the south, the marbles 
of Enylaud. In the upper floor, as fur as may be, a similar dis- 
positiiin has been made. The capitals nud bases represent various 
groups of plants and animals, illustrating difi"erent climates and 
various efx>chs. They are mainly arranged according to their 
natural orders. 

On massive corbels, projecting from the fronts of the piers, are 
placed statues Aristotle and Bacon are in the portal. In the 
mathematioal department is jilaced Leibnitz; in the astronomical, 
Newtnn, Galileo; in that of physics, Oersted; in the chemical, 
Davy; in that of zoology ami botany, Linujeus; in that of medi- 
cine, Htpijoci-ates, Harvey; in that of applied mechanics, Watt, 
To these may bo added, Descartes, Hippiirchns, Kepler, Archi- 
medes, Roger Bacon, Robert Boyle, Franklin, Yonng, Lavoisier, 
SJtahl, Hutton, Werner, Il^y, Juasieu, Humboldt, Hunter, Hjiller, 
Sydenham, and George Stephenson. 

The next step brings us to the disposition of tlie capitnla tind 
other carvings. Illustmtive of ualund facts and characteristic, 
these woiks of art have quite other points of value than those onli- 
narily «xy>ecied from decorative carvings. In a building of the 
character of that under consideration the imitative spirit was not 
nndesirabl.?, however much it is to be jealously watched in other 
and differently devoted ediBces. It will be understood that these 
carvings are illustrative as well as decorative, and have therefore 
a function apart from that of architecture. 

Upon each shaft i.s disposed carvings of its appropriate botanical 
accompaniments. Thus, upon the groy granite of Aberdeen, 
Mr. James 0'8hea curve<l a c«p of Alisma planlago (No. 1, 
Plate 15), with corbels on each side of Stigittaria gagilifblia and 
Alitmn ninunculoidfg. Upxm the jiorpliyritic grey granite appear 
the piiltu). The Aloe, shoAvn in our engraving (No. 4), that so 
beautifully tui'us the chamfer of the pier-angle, comes over the 
red granite, in this instance got from the Isle of Mull. It was 
wrought by Mr. Edward Whelan. The Harts-tongue fern (No. 6) 
was carved by Mr. James O'Shea: it surmounta Devon lime- 
atone. In this way, and upon this system, wa have the second- 
named carver's work in the Ty/jAacwr above mountain limestone. 
Calla Ethi'tpien comes wth the green serpentine. The GrarnineiB 
accompany mountain limestone, and have amongst their slender 
•tetos sparrows, buntings, and quails. Then comprise Bromut; 
wheat, oats, Indian-corn, sugar-cane, rice, and cauary-grass. The 




Zeminaceo!, Mr. John O'Shea has wrought very finely, compf 
iug Ct/cas revoluta, Dioe* tdules, Zamia horrida, Enctphelartoi, 
These are above the elvan and trap rocks. By the same 
bairata upon porphyry*. TTpon another example o/ 
comes Stone pine and Abielirue. The OrchidofoomB apon ^ 

The manner in which che original design for the Oxfonl 
Museum has been carried out does honour to all concerned. 
Its energetic prosecution ia due in no small degree to tlie Deaa 
of Christ Church, and Dr. Acland. The architect «nw Mr. Wood- 
ward, whose recent death haa left a vacancy in art not soon to 
be tilled up. Mr. Pollen has had a hand in some of the decora- 
tions. Mr. Bramwell, clerk of the works, and since the comple- 
tion of the structure resident assistant architect, has bad not a 
little infincDce upon the general snccess. The carvers we bars 
Damedare beat named in coujunctioa with their work-s. Wiihthem, 
and with other decorators, the work, architectually s|)eakiag, 
now rests. One fortunate element of anccesa has been voncb- 
safed to this building, one of more importiuice than is generally 
conceived; this is, that no part of it haa been harried. Haste, 
the bane of our modern i-estorations — which is doing so mudi 
towards the art-destruction of many a noble ancient cathedral ! 
wherein the works are pushed on madly, partly becaose thi 
wretched system of contracts com|>el8 the undertaker to do his 
task at all speed, in order to get anything like proflt out of it; 
partly l>ecan8e subscribers desire to see a whole edifice, which 
took two hundred years to erect, scraped to the bone, and pn>- 
duoed to them " as good as new," in twelve mouths-, — tliis iniser- 
able folly, we say — this haste, is not inflicted upon this one of 
the best examples of modem Gothic work in the kingdom. 



INTERNATIONAL EXHIBITION 1862. 
Class 5, — Railway Locomotion. 
The locomotive engines and other objects connected with loeo-^ 
motion on railways are less numerous in the Exhibition of IMi 
tliau they were in 18.51, but they are generally better fioisbe 
and they are displayed to much greater advantage tlian in 
gloomy space allott^ to them on the previous occasion. At 
time the '' battle of the guaires " was waging, and the Gr 
Western and the Ixindon and North Western ^ilway Compaaii 
competed with each other in exhibiting the most powerful iae»- 
motive engines adapted to their respective lines. It wai tbsa 
shown that, notwithstauding the greater width of gnage, a graaler 
amount of power was gaineil by the elongated boiler oil Iha, 
London and North Western line than by the heavier enj 
the Great Western, the driving-wheels in the competing 
being each 8 feet in diameter; and there was one engini^ 
made by the London and North V/estem Company, the dri^ 
wheels of which were 8 ft. ti in. None of the engines now exk 
bited excee<i their predecessors in power, and there is nospecinxi 
of the broad guage locomotives. The engine built by Mr. 
Ramsbottom, the locomotive superintendent at Crewe (No. 1269), 
ia the first of its class, and a similar one to it haa run the expnsi 
train fivm Liverpool for a distance of 130 miles without stopping 
at an average speed of 54 miles per hour. Thia actual work dons 
may tte considei-ed nearly equal to the estimated performance by 
tl)e Great Western engine in 1851 of " taking a passenger train d 
120 tons at an average speed of 60 miles an hour upon easj 
gradients." In Mr. Bamsbottom's engine the driving-wheel* art 
8 feet diameter; it is fitteil with duplex safety-valves and labo- 
cators, and is adapted for burning coal. To have accomplished t 
distance of 13tt miles without stopping for water would hare 
required a greatly enlarged tender unless it had been fitted «ith 
Mr. Ramsbottom's apparatus for taking up water whilst mnniug, 
which is one of the most recent important improvemeuu for 
facilitating rapid locomotion on railways. The tender of the 
loi?umotive exhibittMl has this app.aratU8 attached, and at the badk 
of it there is exhibited (1270) a working model, on a raOwM^ 
80 feet long, showing how the tank can be thus supplied. IB«t«pw« 
the rails a water-trough is laid, which in practice is about fire 
inches deep, and the one laid on the Cheater and Holjhwid nil- 
way near Conway ia 441 yards long on a level. At ea«h mti ihi 
tiHJOgh is tapereif off in depth. A tube rises through the tender 
rather higher than the surface of the water when filleil, and it ii 
extended under the tank, and curved, having an o|ien mouth ta 
serve as a scoop to take up the water aa it is propelled r»pidl« 
through the trough. The principle of the action of Uiia appanMa 
as explained by Mr. RamaDottom, consists in taking attraity^ 
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the heij^ht to which w»ter risfts in a tnbe when a given velocity 
is imparted to it on entering the bottom of the tube. The 
theoretical height ia that from which a heavj body must £ei11 to 



class of engines exhibited; one of them by Messrs. Manning, 
Wardle and Co., of Hunelet, near Leeds (1274); the other by th» 
Lilleshall Company, of ShiQiiall, Shropshire, of both of which 
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Ittire the velocity of the water, lience since a velocity of 32 feet 
^Ud o n J is Hcqiiire<l by fulling IG feet, tlie same velocity, or 22 
AD hour, would raise tli« water 16 feet. In the working 
tender the water ia lifted 7i feet from the level in the trough to 
the top of the delivery tube. The width of the scoop ia eighteen 
inches, its dcptli in the water is two inchea, and, in passing 
through the 441 yards of trough with a velocity of 33 miles an 
hoar, the quantity of water delivered into the tender is 1200 
gailoiia That ia the niaJrimum quantity, for at greater speeds 
the more rapid entrauco of the water is counterbalanced by the 
redaction in the lime of action, so that there is very little differ- 
ence in the quantities raised, whether the scoop passes through 
the water with a velocity of 2i miles or of 50 miles an hour. 
This self-acting plan of feeding the tender with water surpasses 
in ingenuity, though it ia of less practical value, Mr. Dicker's 
automatic apparatus fur transferring mail bags when the trains 
are at full speed, which was the chief novelty in rrulway apparatus 
exliibited in 1851. The annexed engraving represents a tender 
fitted with Mr. H^imsbottom's scoop, that portion of the tank 
being shown in section. It will be observed that the tube is 
jointed, so that the scoop may be raised a few inches above the 
ground when not In action, in which position it is retained by a 
ualaaoe weight. 



we give illuatratioua. The small tank engine of Messrs. Manning 
and Co. weighs, when in full trim, only 10| tons; it has four 
wheels, coup^d together, 2 ft. 9 in. in diameter; and its cylinders, 
placed outside, are 9 inches diameter, with 14 inch stroke. The 
advantage of outside cylinders in a four-wheel engine is, that 
they allow the driving axle to be placed farther back than could 
be done with inside cranks, aiid thus reduce the overhanging 
weight. The object of having only four wheels placed near 
together is to enable the engine to turn more readily round 
curves; and it is so constructed that it can go round any curve 
that an ordinary railway-waggon will pass. Experience has 
proved that these engines are of great use in collieries and in the 
construction of railways, and their light weight enables theiu 
to pass over temporary rails on which heavier engines could not 
be safely used. 

The tank-engine of the Lilleehall Company ia in its main 
features similar to that of Messrs. Manning and Co.; and in the 
subjoined engraving it seems somewhat simpler in construction, 
owing to the omission of the break apparatus, and to the lower 
position of the springs. In tiie description which the Company 
give of their engine, it is stated that " the engine baa outidde 
cylindera, four wrought-iron wheels coupled, hardened, and ateel 
liok motion expressly arranged for keeping the boiler uouaually 




Mii!i!ii50, Wa-Bpli & Co.'i LocoxoTin Mikbiul Tabs Ekoltb. 



Passing from first-class passenger engines, we come to that 
Qsefitl dass of small locomotives intended for collieries, or 
for contractors' work, and may be designated railway traction 
engines. The requisites in such engines are, power slowly 
exerted on small wheels, to obtain greater adhesiveness to the 
rails, aud the capability of turning sharp curves and ascending 
dteep gra'iienta. There are two very good specimens of this 



low in the frame, steel piston-rotl, slide b»r», copper fire-box 
and steam pi[>e8, brass tubes, patent brass fittings. It is siso 
fitted with tlie Lilleshall Company's patent compensating buffers, 
which adapt themselves to take an equid strain round sharp 
curves. The whole is built extra sti-ong to resist the wear and 
tear of hea^'y gradients, sharp curves, and the frequent inequali- 
ties of colliery roads." 
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The contrivances exhibited for the prevention of accidents on 
railways, in the form of improved "breaks," buffera, or signals, 
are leas numerous than they were in 1851. Notwithstanding the 
many plans there shown of stopping the motion of a tniin, the 
old method of blocking the wheels and of relying on the resist- 
ance caused by the friction of the tires with the rails for retarding 
the impnlse, has continued to be adopted. The inspecting officers 
of the railway department have often reported on the accidents 
produced by the breaking of the wheels, and they have directed 



attention to the importance of not weakening the tires by rivet- 
holes. This is the more essential so long as the present system 
of retarding trains by the friction of the tires against the rtila is 
continued ; and it becomes important that the tires should be 
made perfect, and be shrunk or otherwise fixed on without rivets. 
There are several exhibitors of wheels and tires of this kind, 
among others, Messrs. Dixon and Cluyton, of Bradford (1270) ; 
Mr. Owen, of Botherhatu (1285) ; and Measrs. Spencer and Sana, 
of Newcastle-ou-Tyne (1301). 
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IBON ILllLWAY BRIDGE FOR INDIA. 



Tbkrb is now in course of construction at Manchester a large 
irrooght-iron lattioe-girder railway and carriage-way bridge com- 
bined, which is to cross the river Jumna, near Delhi. The 
contractors, Mes.sr8. Onnerod, Grieraon & Co., of the St. (jceorge's 
Iron Works, Hulme, have just completed for it the first of a 
aeries of twelve spans. The bridge is for the East India Railway 
Company, and ia from the designs of Mr. A. M. Rendel, C.E. 
It is constnicted to answer the double purpose of a railway and 
an ordinary road; a single line of railway being along the lop, 
and the roadway beneath it. Each girder is 216 feet long; the 
clear span is 205 feet between the piers, of which thei-e will be 
eleven. The twelve spans will therefore form a structure having 
a total length of over half-a-miSe. Confining attentiiou to one 
■pan, as representing the main features of the whole bridge, it 
may be described as consisting of two lattice girders united to 
e*eh other by means of strong transverse girders. Between 
tlie upper aide of the lower roadway and the under side of the 
railway there is a clear height of 10 ft., and the total depth of the 
bridge at its centre is 18 ft., and its breadth 1 8 ft. It has a slight 
riM towards the mirldle, being constructed with a camber of 
5 inches. The top and bottom members of the girders resemble 
a sort of continuous trough, the upper pair being inverted. 
The bottoms of these troughs commence with one thickness 
of |-inch plates, but increase towards the centre to three 
IJhicknesses. The sides of the trough are 1 ft 9 in. deep 
and 2 ft. 3 in. apart, each side being composed of two hali'- 
iuch plates riveted together; and instead of being joined U) the 
bottom plates in the u:iual way with angle-iron, they are flauchetl or 
bent to a curve of 4 inches radius, thus forming their own allach- 
mect. This method of construction has added materially to the 
appearance of the bridge without detracting from its strength. 

The breadth of the upper section of the girder is 3 ft. 5 in., 
while the lower increases from 3 ft. .5 in. at the ends to 4 feet at 
the centre. The transverse girders for supporting the metals of 
the railway are fiimly fixed below the upper section of the main 
girders; they are 4 f L 6 in. apart, and there are 46 in each span. 
Those for the roadway are 6 feet apart, and there are 35 in each 
span. The lattices are placed at an angle of 45 degrees, and the 
tension bars are riveted totheootsideof the topand bottom troughs. 
At the ends of the girders the bars are flat, 1 inch thick and 
5 inches broad, but they are substituted by channel iron of a 
lighter section as they approach the centre. The compression- 
bars are formed of two angle-irons riveted to the inner sides of 
ihe trough, and croas-braoed by light cbaonel bars. The whole 



is gurniouut«d by a light and elegant kand-rail, formed with 
wrought-iron standards of a curvilinear oudine, connected 
together by iron tubes. 

In a structure of such magnitude it was of course requisite to 
provide for the variation from expansion and contraction, and 
this object appears to be efiectually secured. The estreuiity of 
each girder is tirmly fixed to a casting, the under side of which 
is concave, and rests so as to move freely ufion a corresponding 
ftistiug, with a convex upper surface made to fit accurately the 
concavity above. This casting has a flat planed under snr&ce 
resting upon five iron rollers, arranged in a strong wrought-iron 
frame, which has perfect freedom of motion over a bed-plate se- 
cured to the masonry. By tb is arrangement the span is at libertv 
to undergo deflection, and yet to press with equal weight upon all 
the roller;?. The rollers are place<l at one end only of each span. 

A peculiarity in this structure is that none of the rivot-hulee 
are punched. Multiple drilling-machines, 6ve in number, were 
couatrucled sj>eciHlly; the largest receives upon its table a plate 
13 feet long and 4 feet broad, and in the course of seven ninotea 
drills four rows of holes, making together 160. The pressure 
upon the drills is maintained by two hydraulic rams acting upon 
the ui»der side of the tf»ble. We are informed that the Messrs. 
Cochrane, of the Woodside Iron Works, Dudley, were the first 
who applied this machinery to bi'iJffe building; and to them 
Mesara. Orinerwl, Grierson & Co. acknowledge themselves in- 
debted for much valuable information relating to it The holes 
made in this manner are more accurate than when punched, and 
the fibre of the iron remains uuinjuitd. 

The first sfKin has been completely riveted up in the works, and 
loaded with 432 tons of pig-iron, or two tons to the linesU foot. 
The girder deflected with its own weight 1 inch, and 3 inches 
more under the load applied. The iron was supplied by the 
Shelton Bar Iron ComjMiuy, near Stoke, and was required to 
bear a tensile strain of 21 teas to the inch of section. The 
breaking strain ia esti mated at from 26iK) to 3000 tons equally 
distributed. The bridge, notwithstanding its great size and 
strength, has a light and airy appearance. The open lattice- 
work relieves it from the dull and heavy a.spect inseparable 
from tubular structures; and when a dozen such 6|)an8 as that 
now completed stretch across the Jumna, we can scarcely think 
otherwise than that the Railway Company will regard the bridge 
sent from Manchester as highly creclitable to the skill of their 
engineer as its designer, and to the firm who were eotnuted 
with its construction. 
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ITALIAN ARCHTTFXTLTRAL DRAWINGS IN THE 

ROYAL LIBRAUY AT WINDSOR.* 

By ARTiiru Asih-itel, M.R.I. B. A, 

A short time before the futnl illness wliicli deprived the arohi- 
ctai-al and artistic world of oue who had devoted tlie beat ]jArt 
' hU study aud energy to cultivate nnd foster llieir pui-suits, that 
personage had oconaiou to direct aotiie ver}- iniportaul .ilteni- 
iona in the Royal Librnry at Windsor. During lii.s researcliea 
\ere he tlisoovej'C*! some old Itiliau architectural MSS. ha\'ing 
!ie oaiue of Mnzio Odili, of Urbino. He was much interested by 
ie bolil, original, and in sonic dcj^ree quaint nature of aomeof 
the drawings, and the extent of the know!e<lge aud pursuits of the 
author. There were rough <l€sign.s for l.-irge churches and palace.% 
mixed with sketches fur det'Ols of the sm.'Uleat matters; and 
with them were plans of battles and sieges, projects for fortifica- 
cations of vast extent, aud with them minute delai]!>, comprehend- 
iiii; even the method of niising a (Irawbridge. The writing is in 
old Italiau, and very difficult both to decipher and to tmusliito. 
Afl other volnniea now from time to time cime to light, evidently 
by various architect.-*, aud all inscribed iu theaamc lauguage;and 
aa many long d.«y»' readiug in the libraries of Italy, while in 
search of materiidi^ for the restoration of the remains of old Rome, 
hud mnde me, in «nme degree, familiar both with the character 
and plirosefi of llm MSS. of the time I was requested to examine 
th<'ra. I was able to identify and explain the givater part of the 
aubjecta. The research was of course suspended ami delayed by 
the melauclioly death of His Royal Highuess, but ultimately this 
wn* the result; — No leas than tnirty-two bound volumes, mostly 
of very large size, were discovered, besides six large portfolios of 
drawings, which pmbably were intended at one time to have been 
hound. The G.-irliest dale I could discover written iu them was 
iWi, and the latest 1773, but many of thedi-Hwiugsare probably 
older. Some of these volumes contain the arms of the Albani 
Eamily, nud as they are surmouutod by the csirdinal's hat, it ia 
jiroljable ihey came frt>m the library of some ecclesiastical digut- 
tarj- of that family. Some have the arms of the celebrated Consul 
.Smith (as he is generally called), a gentleman who occupied a 
liistliiguislied diplomatic situation in Italy for a long time, and 
who i.s favourably known among artista as a collector of very 
refiued taste, and better known among the lovers of old books as 
th^ editor of the curious fac-simile of a very early and celebrated 
e<litioij of Boccaccio. Some of them contain reports directed to 
Pope Clement XL, who was one of the Albani. Whether he 
bequeathed them to his family, or iu what way they came to 
England, is matter of conjecture. The tradition is that Consul 
Smith had an unlituited commission from George HI. to purchase 
for the rt>y.il library. Suffice it to say, they commence before the 
period of the completion of the chancel, aa we should call it, but, 
more strictly speaking, the tribune of St. Peter's, and proceed, 
gt\-ing c:vample8 of some of the finest modem edifices in Rome, to 
the decTileuoe of the art of architecture ia Italy, a range of more 
than 2tiO years. 

Among ihe objects of which we have copious deUul drawings 
are those of the completion of St. Peter's and buildin<* the sacristy; 
the alterations of the baailican churches of the Lateran, St. Sebas- 
tian, and Stv Maria in Traatevere, which were required by a 
cliaDge of ceremonies at the period of the papal benedictions of 
the pope; a great number of new churches, among which San 
Ig;nazio, Spirito Sauto, Sau Pietro in Montorio, works connected 
vitb Santa Mfiria dei Angeli, and mau^' others; among the villas 
are the (.liulia, Medici, AlU-ioi, Riarii, Madama, Panfili, and the 
banqnetiug-house of Cardinal Farnese; among the public build- 
ings, the Curia Nuova, the Propaganda, and many of the build- 
iDgs on the Quirinat; of the theatres, Alibert, Tordenone, that 
at Parma .so well known; the nobte flight of stairs or salita of 
the Triuita ai Monti, and the fine facade of the fountain ofTrevi, 
Among the objects of antiquity arc drawings of the columbaria 
:%ljout Rome, aud of all the temples and basilicas in the stale they 
•were in at the time. Valuable as those :'re which represent ob- 
jects still in existence, there are mauy which have a twofold value 
to tlie Roman antiquary, because they have since wholly or in 
part disappeared. Among them are the temple of Minerva 
Medici, that in the Forum of Nerva, the Se'.tizonium of Septimiua 
Severus, the villas of Hadrian and of Pliny, and a great number 
of relics formerly iu the Appian Way. There are also rich 
treasures in beautiful copies of friezes, arabesques, stucoos, and 
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mosaics, takeu from the remains of antiquity, many of which have 
faded since exposed to the light, nud some. ]ierhaps, have perished. 
But tho architects have not contiued UiemaelveR simply to build- 
ing operations; they have coiidesceiidetl to desigu the minute 
adjuucta to decoratioo.'J required. We fiud among those volumes, 
drawings for altars, teuts, tombs, fuueral decorations, chimney- 
pieces, fountains, aud even lamps and thuribles. Nor have they 
lieeu content with the artistic portion of their profession; wo 
find among those volumes evidences of high scieutitic knowledge; 
we have drawings of harbours, with the method of repairing 
breaches of llie sea and constructing breakwaters — on a less scale, 
it is true, but as ably planned as that at Plymouth, and a more 
wonderful work, if we cousider they could not compel the services i 
of that gigantic helot steaui iu those days*. There Jire also desigufll 
for prisons aud houae.s of correction, quite ou the princijde of oor ' 
system of iuspectiou, plans for complete drainage of towns, aud u 
uumber of otliera, which show that architecture and engineering 
were at that time synonymous arts. Not oidy bo, but militaiTr j 
eugiueering exhibits itself hirgely in the e volumes. There are 
jilaus of the sieges of Tortoai, Mouferrat, Fuenles, Antibes; a 
number of miliUiry plans for various narta of the country; pro- 
jects for fortifying the city of Lucca, which were carried out an^j 
now exist; curious desigus for lowers of defence, mounting oa«] 
large gun, like our Murtello towers; designs for large granarieaj 
y.»owder manufactories, with drawings of ihe machinery; design! 
for drawbridges ; iu short, specimens of almost all the useful 
and oruamentul arts of the duy may be found in those voluuiee. 
The names attached to the drawings, which iu most cases, and 
perhaps in all, are autographs, are indeed deserving of deep re- 
spect, second only to those of the great men of the age which 
immediately prece<lcd iliem, as Da Vinci, RuttnL-lle, aud Michael 
Angelo. We tiud the names or works of Julio Romano, Domiui- 
chino, Bramaute, Sau Uallo, Pirro Ligorio, Bartoli, Ikirromini, 
Odd), the Fontanas, &c. And one precious volume is tilled with 
original sketches chiefly from Venice, by the fami>us Caualetti. 

When we couaider the versatility of talent displayed by the 
Italian archil«cts, who did not disdain small things iu art because 
they were capable of great things, nor the useful because they 
were m^isters of the oruanienLal, it is not to be wondered at they 
held the high rank in society they did. Tho pope, the empei-or, 
the grand duke, all welcomed the architect as not only a lofty but 
a useful spirit iu the stale, aud he trod in courts the equal of tho 
leading miuda of the day in other intellectual pursuits — the di* 
plomatist, the jurist, or the great inquirers into the physical or 
metaphysical worlds. Whether the system urged upon us by 
some, in the present day, of despising science ami learning, and 
narrowing the mind to one binucli alone, or rather to a sub- 
brauch of a branch of architecture, t«mds to raise the profus^iou 
iu the eyes of the public, or whether it has not already tended to 
its depreciation in some degree, it ia not our purpose now to 
inauire. 

By gracious permission of the Queen we have before us four 
volumes out of the collection at Windsor, ou which I beg to ven- 
ture a few remarks. They are not specimens of the most finished 
aud most highly-coloui^.i drawings there, but exhibit i-ather the 
architect iu his studio, dashing oil' with a common pen the rising 
ideas iu his mind, and the greater part had prolwbly never been 
meant to meet the public eye. The most of them, however, are 
evidently to scale, and the localities and the subjects, and the 
pur[x>se-like manuer in which they are executed, will I am sure 
be worthy our attention. 

Tho first to which 1 shall direct your attention has a melan- 
choly interest attached to it, for it WJia the tirst discovered by 
the late Prince Consort. The uame of ita author is not one of 
those familiar to every ear, though in foieigu bicn^.-iphies it holds 
a respected pbce. It may be couveuiunt, however, to state a few 
facts as to his character before proceediug to the extuninalion of 
the contents of the two volumes, which I will eude^ivour to do as 
briefly as positible. Muzio Oddi, whose name stands couspicuoua 
oa the title-page, was born at Urbiuo, in iOW. His father was 
an officer in the troops of Francisco di Medici. At an early period 
he ^«,vo prombo of spirit and talent, aud was placed under the 
tuition of the celebrated Baroccio, from whom he learned dniwiug. 
This painter was also a native of Urbino, anil oue of the few that 
opposied the 90-calle<l eclectic school of the day, preferring r-ither 
that of Correggio, li^ifl'aelle, and their predecessors. He soon dis- 
covered in the lad a talent for mathematics and the constructive 
arts, and advised him to give them bis particular attention. His 
biographers say that Odui made rapid progress iu these studies, 
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•when, like our J«te laTueoted fellow-member, tlie celebrated 
Cuvaliers CaDtDA, he entered the army and became chefd'artU- 
lerie. He seems to have dUtiugiiislied himself so much, nud to 
have won the approbntion of the graud duke to such a depree, aa 
to be admitted member of his privy council: wheu audueuly a 
Btorm broke over his head. He was chargiod by the grand duke 
with hnviug betmyed the secrets of the privy council, and that 
to hia wife, the grand duchoss, and he was immediately con- 
signed to the dungeons of Pesaro. The charge seems slranjre, 
and there are hinls that, after all, Italian jealousy was at the 
bottom of the accusation. However this may be, it aeems clear 
that the unhappy young man waa subjected to a strict and cruel 
conBnemeut for nine long years. He was deprived of the use of 
pen, ink, and paper; but his biographers say he gut over iht-se 
defects by making pens out of pieces of reed, and ink from ciiar- 
ooal and the soot of the chimney, and that he fabricate<l a Borl of 
size from the relics of hia food, with which he prepared the 
commonest sorts of paper so that they could take the ink. Speci- 
mens of these drawings are still preserved at Urbinn, and shown 
as curiosities; and I have verj' little donbt that some of the 
rougher sketches now on the Uible before us were done in the 
same manner. lu these pursuits, and -in the study of mathe- 
matics the time paaaed away, and he was at length lilxinited; 
but on condition of his leaving bis native place lor ever. He 
proceeded at once to Milan, where be was elected to the pro- 
fessorial chair of mathematics, and probably practised also jis 
an architect; for we have in the volume before us some designs 
which appear to have been carried out in the cathedral there. 
From thence we read that he was invited to Lucca, to fortify that 
city; it was in the year 1626, when a struggle was going on for 
the vacant duke<tom of Mantua, and I My ^as ravaged alternately 
by the arms of France and Spain. The drawing* of those fortifi- 
cations are before us; and we are told that they gave such satisfac- 
tion to the authorities that he was presented with a medal of 
honour. From the drawings of sieges and other military opera- 
tions, it is probable he was present at aome of the battles which 
ended with the sack of Mantau. He seems, however, to have 
resided at Lucca; for his biographei's state he was invited from 
thence by Cardinal Trivulzio to return to Milan. This iuvitation 
he declined, preferring to proceed to Ijoretto, where he aeems to 
have designed the sacristy for the fiuuous church there, and to 
have executed works at Ancona. Shortly afterwards he appears 
to have had permission to return to his native town, Urbiuo, 
where he died at the age of seventy years. 

His writings are still extant ; and they are purely mathe- 
matical. One is a description and the direction for use of an 
instrument which he oalls the polynietral crmipass, a delineation 
of which it is supposed is in one of tlie volumes before us. On 
the title to the book ia neatly written, " Original drawings from 
the hand of Muzio Oddi, of Urbiuo." It comineuces with a large 
number of sketches in a sort of ink and iu red chalk. Some of 
these are very neatly tiuished, others are of the roughest descrip- 
tion — in fact, nothing but sci-atches, and as if done by a very 
imperfect light. They are on mere scraps of paper, and the 
probability is, a good portion of them were done in the solitude 
of his dimgeon, and with the imperfect materials I have described. 
Among them is a drawing of a cnrious instrument, composed of 
two limbs connected together with a graduated circular arc, 
which seems to be fixed, and carrying another one graduated in 
like manner, which seems to be movable. It is furnished with 
a plummet, and seems inleniled for taking angles or levels, and 
may be liie polymetral compass nlioded to by his biogriiphers. 
We have no clue to the period, but might iiifer it was madealt<>r 
bis liberation. A rough sketch (p. 21) is given of a tablet to the 
memory of his father. The inscription ia — " D.O.M. To Captain 
Lactantins Oddi, who, when alive, was strenuous and upright 
under every fortune. Mulius and Matteo placetl this aa an act of 
piety to their father." Many of tlie drawings which now follow are 
more neatly execut<;d : and many have dimensions figured on them 
which would lead one to suppose they had actually been exe- 
cuted. They are not only for churches, campaniles, and other 
large constructions, but even for organ-cases, brackelM, and other 
ornameuta; au<l oue seems a design for a (\icture-fnime, A large 
number of them .ire for doorways, entrance-gates, and large win- 
dows, and, J think we must agree, display much ingenuity and 
boldness of handling. 

The second volume commences with plans which seem to have 
bevu parts of conventual buildiui;^. Among these ia a very 
curious sketch of the inside of a dome looking upwards, and 



showing a construction of scaffolding cords, &c., probably intended 
as anpears by a section at page 22, to enable the builders to 
fix the tambour at the top. At page 19 we have an elaborate 
plan of a large palace, fortified at each angle with a bastion, with 
embrasures for twelve guns each. It in some degree resembles 
Caprarola in arrangement; but the latter is a polygon on plan, 
while this is aqoare. This is followed by the plans of the enc^'n/0 
of a large town, strongly fortified by the sections, or, to use the 
expression of the old engineer, ''profiles" of the ramparts; un- 
fortuuately there is no description by which it may be identified. 
We have three plans, &c for conveutuat buildings, one of which 
is indorsed "A monastery for the nuns of Ancona," and shows 
our author continued his avocations as an architect even while 
occupied in military pursuits. We then have the plan of a lai^ 
amphitheatre, outbe back of which are some curious moral re- 
flections on beauty and love. One of these is headed by a 
reflection, expressed, no doubt^ many thousand times before and 
since his time — '^Amore tiramio." Whether the remembrance of 
the grand duchess gave birth to this expression, we know not. 
We then have the design for a large window, which, from the in- 
scription, we may suppose to have been put up at Milan in the 
Dunmo; under this it appears an altar was intended to stand, 
which, he says, was to be conformable to the altar of St. Joseph. 
The whole is of marble, and seems of very large size. It wou" ' 
be tedious minutely to describe every item before us. Suffice 
to say, we have designs for a chapel, on the back of one of whii 
is written, "Plans of the Chapel of the Pope iu the Church 
Minerva," probably Santa Maiia sopra Minerva at Borne; 
others for tne sacristy at Loretto. 

We now get the designs for fortifying the town of Lucca. 
Some are maiked the "Idea of Geot^e Settale of Milan "; while 
his own ia modestly inscribed, "The idea of another withont a 
name" {innominate.) With these are detJiil drawings of bastions, 
one with rounded, and the other with square orillona; tliere 
also stairs apparently leading to casemates, or magazines, 
other pLaces of safety. We then have a plan of the city 
citadel of Casale, on which is sketched in red chalk the approach 
of the enemy, and some rough outworks, which seem to infer 
that he was present and took part iu the operations. Tlie mix- 
ture of military and civil architecture which follows shows that 
Oddi still combined the pursuit of arts and arms. But it would 
weary you to describe them all. I would, however, call your at- 
tention to a very ingenious contrivance for raising and lowering 
drawbridge, where the increased weight, due to the increi 
leverage as the bridge descends, is compensated by a very cleV( 
contrivance, much ou the priuciple of the fusee of a watch, 
juilge of his abilities in a military point of view by the kuowled_ 
of the present day would be ab-surd. The increased powers of 
ordnance, particularly of the mortar and shell, have entirely 
altered siege operationa from the time of Muzio Oddi. He see 
to have used both the flat baation (such aa those with which 
Michele fortified Verona), and the baation with a larger capi 
and sharper angles, of Vaubaa and Coehorn; but he seems to 
have taken especial pains with his orillona. In his time citi 
were often taken by stonn as soon as any breach could be etieot 
and very often merely by escalade, by coup-de-main. In this 
it was very important to be able to get guns to sweep the face of 
the curtain, and equally important those guns should not be ex 
sed to a cross-fire. San Michele put oue under another in theoi 
Ions; but of course, like all easemated guns, they were anno 
by their own smoke. Oddi placed his side by side. If, howe 
we judge of hiaabilitiea from the honours paid him, and the 
muny of his biographers, he must Lave been a great mil!' 
architect. 

l*he next volume to which I shall beg to call your attenttoa 
one wholly devoted to the Church of St. John Laterau, at Rotni 
This noble buih^ing has a f;»9ade nearly 40 feet wider and 30 fee 
higher than our St. Paul's; and is nearly SO feel wider betweeu 
the clear nf the walls of the nave. The old Basilica was d 
by fire about the year ISfiO; and was restortd by a long 
sion of popes, and coiopleted, as to its interior, by Clemei 
abiiut the close of the seventeenth century. The volume cou tains 
a number of iilan.s and sections of the building, boldly and al- 
most roughly executed in pen and ink. These show the present 
state of the church. It formerly consisted of five aisles, divided 
simply by immense Corinthian columns, from the capitals of 
which arches sprung iu the old Busilican style. As modern re- 
quirements denjanded a great number of altars, large piers were 
constructed, with niches, &&, fitted for that purpose, A great 
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many of the old columns which hn.d escaped the fire are said to 
bave been bailt into these piers. It has, therefore, entirely lost 
it« ancient Ba»ilicaD character. The whole edt6ce is enriched 

I with the finest marbles, niosnics, gildings: it is full of noble 

^■■tittnes and fine uionunients; and is, in fact, second in richness 
^^■bly tn that of St Peter. The bo<jk before us is well worthy of 
^^■Dspection, not only to those who have seen the building, but to 
^^Btttoae who have not. The latter half of the volome is occupied 
^"%y a moat curious sulyect, It ooutains drawings for all the cere- 
monies of a oouncil of the church. This, of coui-ae, would not bo 
an oecumenical or general council; the last of which, as is well 
known, was that of Treut, nearly three centuries and a half ago. 
It is, probably, a smaller eouucil, or conclave. TJie principal 
feature in decoration is an immense tabernacle, called a catafalco, 
which stands over the high altar, and is very richly decorated. 
It eeems to have been surrounded by bas-reliefs showing the pro- 
cession and the other ceremonies, the bishops and other digni- 
taries: some are walking, some sitting at a table, some kneeling 
at an altar; while behind a sort of screen stand skeletons, which 
aeem watching and mocking their pomp and state. There are 
plans of the arrangements of the seats, and even of the hangings 
to adorn the church, and drawings of the accessories down to the 
chalices and candlesticks. The benches and chairs are also drawn. 
One is a-iid to be " for the Pope made:" it tells " of red brocade 
and damask velvet, with two footstools to match." Another 
more curiously is raark(<d "Seat of straw with two cushions of 
cilk." All have figured dimensions. This volume ia probjihly by 
Carlo Fontana, as the arms of Clement Xf. appear in several 
places. This prelate came to the papacy in 1700, both Borromini 
and Bernini then being dead. 

The last volume to which I venture to invite your attention 
(at least the greater part of it) is superior io artistic execution, 
and the subjects are of gi-eater interest than thcwe I have already 
alladed to; although there are others at Windsor possessing 
atill greater claims to your admiration. The volume commences 
with some extremely well executed sketches of Eomau remains, 
very carefully outlined and shaded with bistre. They consist of 
the arches of Constantine, SeptimiuaSeverus, the Goldsmiths, of 
Laciua Verus; the Porta Maggiore, the Arch of Titua; there- 
mains in the Roman Forum of chat of Nerva; the baths of Fanlus 
Emilius, the Theatre of Marcellus; the temples of Fortuna Ytrilis, 
Antoninus, &c.; the Septizonium, the Pyramid of Cains Cestius, 
&a They are very faithfully rendered, and possess the unusual 
interest of giving some examples which are now destroyed or re- 
moved. Thus, the Temple of Pallas, in the Forum Transitorium, 
wna taken down by Paul V., and the ct)lumti3 now form part of 
the magnificent fountain called the Aqua Faoja. The Arch of 
Lucius Verus ha& disappeared. The Septizonium of Septimius 
Severus has also perished, and nothing is left of it but a heap of 
old bricks. At first, I thought the drawings were the originals 
of those given in Gamucci'a "Home;" but, though they resemble 
iliem somewhat in character, all differ more or less; while the 
larger part differ in toCo. One curious ciixumstance arose during 
tbe reseurcli. and that led to the iufereuoe that they are older 
than this book, which waa printed in 16G5. The Arch of Septi- 
mius Severus, in the latter work, shows an excavation round the 
lower part, by which the pedestals are exposed to view as they 
are at present; while in the Windsor MS. they are drawn as 
still covered up with the earth. 

An examination of Flf>8si, Sadeler, Du Pernc, Defrairiua, G.a- 
mucci, — in fact, of all tho authors on the subject to which access 
could be had in the very limited time I had to prepare this 
paper, — proved these dmwings were no part of their works. I 
therefore took the volume up to the British Museum, the kind- 
ness, attention, and courtesy of whose officers, on repeated occa- 
sions, I am proud to acknowledge. Mr. Carpenter, Mr. Rye, and 
Mr. Bond gave a very long and patient investigation of the bu1>- 
ject. The former gentleman said immediately that he thought 
lliey strongly resembled the drawings of the Jacopo Tatti, whom 
we know better as the great Sansovino of Venice. Unfortunately 
the museum posse-tses but one drawing from this architect's 
baada. On comparing it with those before ds, there certainly 
was a very great similarity. The colouring was hardly so warm 
is these, bnt that might bave been quite an accidental circum- 
ace. The latter gentleman, who I ventured to name, and who, 
judgment of the identity and period of handwriting, may be 
sidered " facUe princept" also thought the iuscriptioua on both 
tremely like. With but one drawing from which to judge, 
Bver, it woald be much too hasty to pronounce a decided 



opinion. "We all thought, however, we might go so far as to sayi 
there is great probability that these di-awinga are the work oi 
Sanso^-ino; and, if that be correct, of coarse they are of the 
greatest interest and value. 

The remaining drawings in the volnme are by diflferent hands. J 
some being very well executed, and some evidently copies of good' 
drawings by inferior h-inds. In one or two of them, the Wundera 
in the perspective are such na none but an inexperienced person 
conld make. On one drawing there ja the name of Viguula; but 
it is not likely it is his. On another is the more likely inscription, 
in Latin, "From the books of Julian Giiimberti, called San 
Gallo;" and the drawing may thus l>e said either to be by that 
celebrated architect, or to have been collected by hira. The sub" 
jects are all Roman antiquities. No. 17 is the so-called Portico 
of Octavia, in the Peachiera, which is drawn as nearly entire, 
and the restoration of which differ*! very little from that of | 
Cauinj^. It is now in a very dilapidated state. Several others 
may ba recognized, as the Arch at Verona, and those of Titus 
and Constantine, the Baths of Paulus Emiliua, &c.; hut it is 
exceedingly tantalising to see several very curious buildings to 
which we have no clue, and which we suppose must have disap- 
peared. At the end of the volume are a number of plans which 
seem to suit some of the drawings; and if so, the inscriptions 
"One mile out of Rome," "Two miles from Rome," &c., would 
leful us to think they are parts of the villas, tombs, or temples 
which some time lined all the roads from Rome, and now are 
mere heaps of ruin; and, huving served as quarries for ages to 
every one who wanted building materials, are now mere heaps of 
rubbish. The beautiful statues, the sculptured friezes, the mar* 
ble columns, that adorned those buildings, have long ago been 
burned iuto lime to fertilise the land; such of the other materials 
x\s could be moved have formed wretched fnrn)houses or inclosurea 
to keep the sheep and goats from the nightly incursions of the 
wolf. Nothing now lemains bnt such masses of brickwork as are 
too hard, too rock-like, to be worth the labour to plunder, and 
which stand up among the vast plains of tho Campngnu as 
ghostly relics of post grandeur. 

This paper waa begun with saddened feelings, and seems to 
conclude in the same spirit. It is natural it should be so. It 
might be thought fitting to make further allusion to the great 
personage who has departed, I cannot but feel that such a course 
would necessarily revive painful feelings, and that it would be out • 
of place for me to attempt to pronounce anything like panegyric. 
One thing may be permitted, however, which offers in some 
d*?gree a more cheering retrospect, and that ia, that one of the last 
things the Piinco asked for from the library related to these 
^ISS.; and one of his latest wishes was that nn opportunity of 
exhibiting them should be afi°orded to a body he always held io 
regardj — the Eoyal Institute of British Architects. 



THE ECONOMIC CONSTRUCTION OF GIRDERS.* 
{Cimtinued from pagt 1 96. ) 



GIRDERS OF GREAT SPANS. 

The most striking peculiarity of a girder of very great span is 
that a larwe portion of itjs strength is absorbetl in supporting its 
own weiglit ; and were the span extended to a certain point 
(varying however according to the economic merit of its par- 
ticular construction and the quality of the material made use of), 
the girder wouid just break down from its own weight, and 
when this point is reached, by no amount of additional materijvl 
could this ultimate span be extended while the nature of the 
structure remained unimproved. 

Another peculiarity, the importance of which has never, so fas 
OS we are aware, been sufficiently enforced uu the attention of 
engineers, is the immense saving of material and expense that Ls 
secured in a great girder by adopting a mode of construction 
which on the small scale would show only a very moderate pei^ 
ceutage of economic merit over another. This is one of the 
points we shall endeavour, in our next paper, to place in a clear 

* faoM orron (n oar lut paper wen nnaToMably left nooanected. The more 
iuporUiit UB, page 183, ool. 8, line 40, for «1 read < : 1. Fa|e IM, cul. 1, line 36, tot 

<"read otuiaeA; Um W, for-= read-— ; Use K, tbe oentnd formula ehonld bave 

oome Bnt; col. 2, Utie at, fornrt read iitt<iiial«; 
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light before the reftder, and the results will justify our high 
estimate of the itiiporttinoe of auch invealigntions as those iu 
aome of our previous papers devoted to the discovery of the moBt 
eoouoxnic designs aud arraugeoieuta of girders. 

The Factors of Safety. 
The firet question that demauds our attention is the propor- 
tion which the absolute strength of the structure should bear to 
the erentest |x>S8ible stress tliut may be brought upon it in actual 
worC; or iu other woi-ds, the proportion that should exist be- 
tween the ultimate and workiut; streMea. Great diversity of 
opinion has been shown upon this point by engineers, but wo 
ueed not cucumber our pages with criticising the ill-judged 
extremes that have been by some adopted. With regard to the 
factor of safety for d&\d weight or still loading, we may almost 
asaume it as a settled matter that iu wrought-iron structures the 
absolute strength should be about, but not less than, three limes 
that which would just withstand the stresses; or in other words, 
that tlie factor of safety should be about 3, nut less, aud not 
much more. 

It ia OS to the strength to be provided to withstand a moving 
load — such as a railway train — that sucli divei-sity of opinion 
eziata. The re.tsons for augmenting the factoi- for the movable 
loading above that for the still loading are. — Ist, the direct 
■hocks or blows from the wheels on passing over irregularities 
ia the roadway; 2ud, the suddonness with which the load is 
imposed; aud 3rd, the reaction when the engine rapidly mtmnts 
any sudden rise iu the load near the centre of the bridge. Now 
it will be at once perceived that each of these prejudicial actions 
becomes rapi<lly It'ss significant as the span increases, and for 
long spans may become iu a primary form inappreciable, leaving 
only a vibration Ijirooghout the structure which will heighten 
to aome degree the destructive power of the still as well as of ihe 
movable loading. The first of the above-m'.'utioned prt-judiclal 
action* of a rapidly moving load — viz., that from direct blows of 
ihe wbeela, may become somewhat serious in very short and light 
■paiu, flinct; iu such the load on the falling wheel may constitute 
an important iieroeutage of the whole mass of loading and strue- 
tore takeu t<jgether; but iu a long spm with the load supported 
'4m a great many wheels, and the structure itself of great weight, 
ihe evTect of only one or two wheels dealing their blows at the 
«ipip if,-f,,j,t. l)ecome.s, when considered witii regJird to the whole 
almoul inappreciable. The »ec'itirf pn^jiidicial acti m is 
I - _ lesei'ving of atteiitinij in very short spaus, since in theso 
the engine may come so suddenly upon the centre of the bridge 
as to act iu some degree tlie part of an instantaneou.sly imjioaed 
Ijad, .acquiring a certain downward momentum from the flexure 
of the bridge; as however the load is .igain removed with equal 
rapidity too much importance should not be given to this cflect, 
and for the case of any span of importance it may be a.iid to 
vanish. The third or last detrimental action ia also ahuost con- 
fined to very sliort spans; in long .spans it is only a very small 
fractiou of the load that could have its effect thus increased at 
the same instant.* 

We will now examine the modes of apportioning the ultimate 
strength or breaking weight of a structure as proposed by 
I'rofessor Baokiue aud Dr. Fairbairn. The latter ::enllenian, iu 
a paper read before the British Association iu 1861 (see vol for 
Ifttjl of this Journal, page 329), speaks as follows: — "For the 
present I would advise that iu all beams and girdeis, tubular or 
tilain, the ])ermaueut load, or weight of the girder and its plat- 

rm. should not in any oise exceed one-fourth of the breaking 
Welgiil; aud that the remaining three-fourths should be reserved 
to rc*ii*t the rolling load, in the proportion of (J to I." Now 
the redullB by thiji rule are given in columns 3 aud 4 of Table I., 

lutou 4 giviuL' the general factw, or that estimated over the 

'*ho1e I'-noing W, fixed and movable without distinction; and it 

r ■•eived that we have its values an-anged iu two series, 

dtcrea."<iog one, giving a minimum of security when 

l.L becomes double the movable loading; and at 

\» ^ and increasing series begins, winch we appre- 

f : iRver have been contemplated by Mr. Fairbairn. 

II way bridge as executed the dead weight is about 

>>« <• the greatest movable, and by this table we find the 
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general factor aocoi*ding to Mr. Fairbairn's rule to be = 3 
such a case; but had ihe structure been lighter, say euaal 
twice the movable loading, Mr. Fairbairn's rule would hj 
given a factor = 275, being less instead of greater than for 
heavier structure — this of course he could not have intended. 

Professor Rankine gives the followlug factors: — for tlie fij 
load, factor of safety = 3; fur the movable load, factor of 
^ 4 to 6. In the table we have given the results for the ^ 
factor arising from the adoption of values of the latter =^ 6 i 
4.5. It may be pointed out that these factors lead to tlio at 
results as though we increased the movable loading to 2 tonaaiid 
1'5 tons per foot ruu respectively, and treated it aloug with 
dead weight. 

On comparing the general factors obtained by theae methc 
particularly for the cuae of the fixed loading being double ' 
movable, it will be perceived bow widely they differ. 
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We must object to the results given by Professor Rnjikii 
method, for the reason that the general factor does not di 
at first with sufficient rapidity to represent the rapid diiui 
iu the dcBtnictive effects of a train on changing from the i 
aud lightest spans to somewhat longer and heavier ones; 
the very long aud heavy spaus the factor dimiuishc 
markedly. This is the opinion we would be led to on vw 
the subject independently of the stresses induced in the booo 
by the transverse lateral action of the wind, which it has hither 
been the custom to ignore; but when these stresses sr* alloi 
for, we apprehend that the goneml factor may with satiiciej 
accuracy for a general rule be Utkeu constant after i-eachingl 
certain value, such as H-5. This assumes that after a cer 
point any reduction that might be made in the fiictor oa ac«ct 
of the smaller proportion of the movable com{}ared with 
fixed loading in longer spans, will be connt«mcted by 
demand for additional strength on account of the deti'im«nt 
action of the wind upon the booms. We ni.iy assume the wjd< 
of structure a-"* constant, the stress on the booms from the 
will therefore increase soiuewhat more rapidly than the 
of the span ; in long sfinua, furthermore, that increase _ 
cflect of a bl;ist which arises from the suddenness of its appli 
tion may become augmented, an<l thei-e is also au increasetl 
chance of the wind impulses correupoudiug with the oscitUtku 
of the structure. The destructive effects of the wind iu (•xlRBie 
spans may possibly therefore become bo great as to iXvt 
higher allowance than the above nssuiuption afTords.* 
general rule however, we feel some confidence in recomrai 
a uniform general factor of sjtfety to be applied without 

* The reliiliuu of the T:ilni>i of W, (thu fliedj an*! W, ;tho morkble JoMilrc' 
cmirEo soine iullceacc upon the slro^.^A in tlio liriia.*. ^»\iliruUiI) u\t'U 'li» i 
iiikpfl, but for ruBRtructive t«u-"i • > 

eiceM of alreDgtb, ni tlmC pi.. 

ouljr tieoeMitate tlic •trpnetheiiiiiL .^ 

foroitily a* ftmta uoilcr au irrrguhn Uuchu;.-; (Jju uuiuJul <ji cxtiA uuU^iUb. m 
Mudld be M taiunle that wo caonut ix.'card it iw uJfcuiug tlu; utiov* j^cnj ctU. 
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tion to fixetl and movable loading* for wronght-iroa railwaj- 
bridgea of great spaas, according to column 4 in Table 11. 
Tabib II. 
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The general factors for moderate Bjtans are estimated by as- 
•aralng G tons per foot run of apan as the minimum value to l>e 
put upon the breaking weight. The decreasing series of values 
resulting from this is made to terminate at 3 5 as the lowest 
allowable lactor, this term is re.iohed when the fixed loading 
amounts to 0714 tons per foot run, or 714 per cent, of the 
movable. 

For really great spans tben we have the uniform general 
fiu:tor of safety = 3^, and for such »pans we now proceed to in- 
vestigate the weights of the girders. 

TuE Weioht of a GmDKK OF GaEjVT Span. 
1/sl 8 ^=the sjian for calculation, t>eiug when correctly mea- 
sured the distance in feet between the centres of 
pressure on the sup|)orts. 
Let Wj=the gross weight of the length S of the complete 
structure due to one double girder; that is, the total 
dead weight borne by the girder or girders which 
have to carry a movable load := S tons in railw.iy 
briHge.s. W,=W-Wr 
Let Wj=the movable load ^= S tons. 

Let W =the whole load supjwrted by adoublegirder=W,-f W, 
Let G =weight of the girder suited to carry the load W, but 
G does not include parts not directly required to fit it 
for supporting tI»o load. G=VV,— F. 
Let F =all the fixed loading exclusive of the girder G; that 
is, F=the weight ot cross-girders, planking, horizontal 
and trausverse bracing, hand-railing, permanent way, 
&c. F^Wj-G. 
Prop, L In any particular form and construction of ginler of 
given span and depth and value of the factor of safety, we may, 
vrithin practical limits, assume that G varies as W. 

Prop. II. When W is constant but S vari.ible, and the factor 
and the rel.tlion of the depth of girder to the span are constant, 
we may assume within limits which secure the struts against 
material weakening, iSmt (» varies as S. Therefore 

Prop. lU. In any special form and construction of girder in 
vhlch S -r the depth D is coustiiut, and in wliich the fiictor and 
the allowances of metal to the corresponding struts may be made 
the same, G varies as W. S. 

Let therefore G = WSfc (1) 

fc = G-j-WS (2) 

k being a conataot depending u]>ou the value of the iJEiotor of 

* In Cftn* «nch aa \ht Oiowaj-brldiir, where wa htra a Urge flai turfikoe «xpo«(!d 
to Iho wiuil itlniur wiib eztr«ni« nanuwueM uf itructur* ki rwbi it, ft'»'"t'^tl •tMugth 




safety directly, and inversely upon the economic merit of the 
structure; we may distiuguisn the value of A corresponding with 
any particular value of the factor by writing that value against 
it thus, /Tj.:,; on tiiis principle k^ will indicate that the value is 
taken for the case of a breaking weight. 

In formnla (1) for W substitute its equivalent Wj-f-G-j-F, aod 
we have G — Sk (Wj-f G-f F), whence we obtain 
_ SA(W,-|-F) 
^- 1-SA ^^> 

Before we can make direct use of this important formula we 
must describe the principles on which F is to be calculated or 
estimated for different structui'es; this however we must defer 
till our next pa(>er. 

We at once see from the formula that G the weight of the 

girder becomes infinite when SAr^l, or S=7, and thei-efore 

points out the ultimate span for the particular construction cor- 
responding with k. Then since k varies di>"ectly with tiie factor 
of safety, we see that the ultimate span for a breaking weight 

{= r \ will be 3J times larger than that which can bo reached 

withotit overstepping the stresses we have been led to consider 
judicious (that is, the ultimate span under proper stresses 

In our paper for next month we purpose arriving at expres- 
sions for F, and thereafter deriving values of k from various 
structures, and will conclude with a Uible of the weights of 
girders of various spans, and constructed on different systems; 
showing the immense saving that may and ought to be etfected 
in large structures by attention to the principles we have de- 
velope<J. In the me;intime we append an article of some import- 
ance and of general application, which we shall require to make 
use of on resuming the subject of the Economic Construction of 
Girders of Great Spans, 

Edinburgh. R. H. B. 




ON THE VALUE TO BE TAKEN FOR THE DEPTIJ 

OF A GIRDER WHEN APPLYING THE COMMON 

FORMULA FOR ITS STRENGTH. 

In any girder in which the moments of the web may be 
neglected on account either of its thinness or openwork character, 
the stress pnxluced by a uniformly distributetl loading (=\V) is 
in either of the booms ecjual to WS-^8D, wherein D is the depth 
or distance apirt of the booms treated as mere horizontal lines, 
and S the acting spau. Now in applying this formula in pi-aclice 
it becoiuea necessary to assign a value to D lets than the extreme 
depth of the structure, since the booms are not simple lines, but 
must h ive some vertical dimension; and it is only the extreme 
layer which acts with the full force of C or eT,* and with the 
full leverage of the extreme distance above or below the neutral 
axis. 

Let M, be the sum of the moments of all the fibres of the 
bottom boom measured round the neutral axis; and M^— the 
sum of tlie moments of the various parts of the top boom. Now 
we require to fin«l a point in the cross section of each boom so 
eilnated that were all the section of the boom acting there with 
the full force of C or eT, the moment (that is the full sectional 
area of the boom multiplied by the distance of the point from the 
neuti-al axis and by C or eT) will bo equal to M.^ or M,. Let A, t 
be the sectional area of the bottom boom, A^ that of the top 
boom, D, the distance of this point in the lower boom below the 
neutral axis, and D^ the distance of the point in the upixjr boom 
above that axis. 

Then A,DieT^Mi, and k^D^O=Uj, 



D,= 



AicT 
D 



and Du= 



A,C 



(1) 



Dj-fD, 

The ordinary practice of assigning a value to D equal to the 
distance between the centres of the sections of the boonu ii so 



* Tlio iyiahaU hore employed are tbo midq u in tho papois on 

Cutulnictiuii of Girders."' 



'Xh0 Xeonoinio 



t Thft ansai aod moDacnU of the portioiu of lis web of A plat* girdor ciinld bt- 
randUj- intrMliiad into tbo dinctistiou, but «ucb a iiioJc of (re.ituient wuulJ anmU auy 
MlVtt&tAgtf ftuiu cujpiuylug tbe abovs tiiuiiic lunooia fur ll>« itiuugtlt. 
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very far wronsf, and liable to lead to such jjrave errors, that we 
feel it incumbent upon ua to enter into aoiue detail, in onler to 
ahow by examples the great difference between the correct reaulta 
and those obtained by the usual modes ofcjirrying out the calcu- 
lation. 

For this parpose we may restrict our attention to the parts 
and their moments on one side of the neutral axis; let it be that 
of the upper boom. 

1st, When the upper boom consists of one or more rectangular 
cells. Let A be the area of the upper pktea, 
B of the lowpp, and X of the vertical plates. 
Let h be the distance of the centre of A plates, 
and I = the distance of centre of B plates, 
from the neuti-al axis n in the diagram. 

Then by formula (3), page 194 ante, we have 
the momenta 

nod therefore to obtain D^ we divide this by 
the area into C, i.e., by C(A-f-B-|-X), .-. 



n 



I I 



^'j ^ ____ 



(S) 



A-l-B-l-X 

Example. — Let the areas of A, B, and X be taken all e<jual, 
and the formula becomes 

9 

by which we get, on assuming different ratios between A and i, 
the results given in Table I. 

Tablk I. 



Projiortion 


of A : t. 


Vulnea of D,, 


F«rc«ntagM 
of £iTDr. 






A 


i 


Correct. 


UsnaL 




2 : 


1 


1-222 


1'6 


22' 7 


8 


3 


2-148 


2-5 


l«-4 


4 


3 


3-111 


3-. 5 


12 6 


5 


4 


4 -039 


4-5 


10-5 


10 


9 


9-044 


9-6 


5-0 



It will be perceiveil from the table that when i is not greatly 
leas than A, the vahie of D, should be very little greater than i. 

We have calculated by formula (2) the correct v,\lue of D for 
the Conway tubes, using the monientj* given in the foot-note at 
page 194 ante, and find it equal 22067, the extreme depth out- 
aide being 25' 5", and the inside depth 21' 7i"; i, or depth between 
centres of plates B and C, =ii+i2 = SIGSH. 

Now this smallness of the value of D will account in a great 
measure for the extreme heaviness and weakness of the Conway 
(and Britannia) tubes, the proportion of span to depth being so 

KTeat as r-^ — :,= 1835 ; 1, or if we follow the leas exact but 

g 
usual course of taking the clear span, we have — — IS'IS. 

The enrrect value of D for the large experimental tube in 
Ex.periment IV. is =407; the depth between the centres of the 
extreme top and bottom plates i6=4'53, and between the centres 
of the bottom and lower top-plates is =4-015. And the value of 

^U= — =: 18-43. 
D 41)7 

As many readers may feel surprised at the true value of the 
depth D eoincidiurr so nearly with the value of i, we may perhaps 
make it clearer by considering the plates A and B of the diagram 
alone; and let us suppose tUeae of equal areas and at distances 
from the neutral axis equal respectively to 10 and 9 feet. The 
true moments are- 
Plate A, area=A, levenge=10, compression =0, .'. moment =10AC 
Plate B, areasA, leverAger:^. oompre98ion=^, ,•, moment = S'lAC 

Sum of mmnents .. 181AC 

Dividing by the whole area =2A, multiplied by the full com- 



18'1 AC 
presaion C, we have D, = =9'06 feet, or only 8ix-t«tith8 

of an inch above the centre of the plate B. 

To make this still mere clear let na compare the above arrange- 
ment of eirder having the pktea at 9 and 10 feet from the neutral 
axis, with a girder in which both plates are only 9 feet from 
the axis. Plate A in the latter acta with the same force C as ia 
the former, but its leverage is reduced from 10 to 9 feet, so that 
its moment is reduced from IQAC to 9AC 

Plate B on the other band acts in the latter with the 
same leverage of 9 feet as in the former, but the force of 
its action is increased from AC to C, and therefore its 
moment ia increased from 81 AC to 9AC 



Or the total moment 



= 18 AC 



being onlj j^ part less or weaker than the girder so much 
greater iu extreme depth. 

From these facts some valuable hints may be taken as to the 
judicious designing of the booms of girders. 

2nd. We shall conclude for the present with another general 
exam pie. 

Let the top boom be supposed to be a solid rectangle as in 
some timber bridges and roofs. For this our formula Dj=:Mj-J- 
nrea C becomes simply 

(3) 



^--3 (* + •+?) 



Asfiigaing to h and i different relative values, we get the results 
in Table II. 

Table. II. 



Jtjitio of A to «. 


Ttlnw at D, 


FeroeotagM of Krrar wbon 
D bUken 




Oorrect. 


UMal. 


A< nnuJ. 


= » 


A { 


In eiccM. 


On Mifo tide. 


2 1 

3 : 2 

4 3 
6 4 

6 : 5 

7 li 

8 : 7 
8 : 8 

10 9 


1-167 
2-111 
3- 08a 
4-0«7 
6-05(5 
6-048 
7-042 
8-087 
9-033 


1-6 
2-6 
3-6 
46 
6-6 
6-6 
7-5 
8-6 
b-S 


28-6 

18-4 

13 5 

10-7 

8-8 

7'5 

6-6 

5-7 

5-2 


14-8 
6-3 

2-7 

1-64 

1-3 

0-8 

0-65 

0-50 

0-4 



Edinburgh. 



R.H. B. 



ON THE FORMATION OF A NATIONAL MUSEUM 
OF ARCHITECTURE VIEWED IN CONNEXION 
WITH ITS BEARINGS UPON MEDL-EVAL AET.* 
By Gkoroe Gilbert Scott. RA. 

Under the head of actual Architecture, I must mention one 
other class of objects which would demand house-room within 
the museum. I refer to those melnnclioly but invaluable relics 
of ancient art which exist in our ruined abbeys, and to those in 
other buildings which are iu danger of being destroyed by 
inevitable decay. 

It is the absolute duty of an art department, whether or not 
they had contemplated an architectuml museum, to rescue these 
exquisite and invaluable works from oblivion by obtaining 
casts, photographs, and measured drawings from them while they 
yet exisU Every winter abrades their ancient carved surfaces, 
and brings down, perhaps, large portions of their sculptured 
foliage. Tiiose who have been for many years in the habit of 
sketching from old buildings see at every visit the progress of 
destrnction which is ever going on, and which is ever accelerating 
its destmotive inroads. A few years more of delay, and these 
precious works of art will have perished. In the name then of 
art, of reason, and of patriotism, let ua delay no longer, hut at 
once obtain perfect represeulnlionH of what we have left, by 
means of plaster, of photography, and of drawing; and enshrine 
them nn the most precious relics, to be for ever preserved in thf 
archives of our national art ! I wUl add here, however, one wo^ 

* Ooocladed boa pace 207. 



236 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL 




Aug. 1, II 




h 



nearly affect Ms pcrsoual interests. Those among them whose 
a|H)rfheu8ioD3 of ait have been aronseil to activity joiii heartily 
and earnestly in the demand; but aa in the case of religion, those 
who moat need instruction are the least alive to their ueceasities; 

t, nmoug architectR theraselves, it is Ihose who must keenly 

preciate the noblenesa of their art, and have best cultivated it 
a fine art, who raoHt strongly feel the necessity for aiding the 
art-workman, on whom depends the realisjitiou of the more 
artiatic portions of tlieir designs. Not ordy, however, are the 
nrchiU'fts, and the beat among them, the representatives of the 
demand, but they are also the parties who best — I might almost 
say who alone— understand what is the nature of that demand; 
wiio know, from their daily experience, what are the objects 
neces-sary to meet it; and who, from their own travels, their own 
studies, and from the contact in which their practice places them 
with ancient buildings, know also whence and how those objects 
are to be supplied. It is, therefore, self-evident that the aid of 
the architects most conversant with the subject is essential to the 
success of the effort; and when we add to this that those architt'cts 
have already, by their own individual exertions and of their own 
free motion and sense of the necesaiiy, most efficiently launched 
the work, and foundeil an architectural museum which must be 
the nucleus or the model of whatever is effected, the case is 
rendered still more obvious. 

The representatives of the supply are the Government Depart- 
ment of Art. To them has been committed that great cause, the 
j)rorootion of applied art in this countr}'. 

The museum of objects of art which they are forming must of 
necessity be of the greatest benefit to this object. If hrings 
within the reach of the manufacturing art-wnrkraan the tineat 
objects for his study, such as he could otherwi.se never have 
bnped to gain access to. What we ask of them, then, is to aid us 
and work with us in doing the same for the architectund art- 
workman, who equally needs and equally deserves their aid 

If they will not do so, or if, in doing so, they refuse the aid and 
advice of those who alone understand what is needed, the world 
and posterity will know on whose shouldei-s the onus will lie. 
If, on the other hand, they appreciate and frankly acknowledge 
this, perhafis, the highest of their duties, they wiU merit the 
eternal gratitude of every lover of art; and I am sure that I utter 
the feelings of my brother architects when I say that wo are 
|>repared to abdicate our self-imposed task in their favour, and to 
unite with tlipni lieart and soul, and without jealousy or rivalry, 
in carrying out llii.s most noble and most needful work. 

The exact regulutiun under which this united action will be 
bej-t effected I will not here attempt to define; "where thcj-e is a 
will there is a way;" and I content myBelf with asserting that on 
our part at le.-ist there is a hearty good will; and that I Bee no 
difiiculty whatever as to the way. 



THE STATICS OF BRIDGES* 
The Chain. — Diaturbancet. 



SuspENSiov bridges are liable to two classes of deflection or 
displacement under a change in the amount aiid disposition of 
the loading. The first, a slight symmetrical wave caused by the 
stretching or contraction of the chain. The second, a displace- 
ment of a more marked and visible kind, which alters ita form 
with every fresh arrangement of the load, and only disappears 
when the loading is uniformly distributed. 

A heavy load tiavelliug over a suspension bridge will also pro- 
duce vibration, and if the motion is rapid it will tend to create 
much greater disturbaucc than would be due to its presence as a 
simple question of statics. But as these paiJ«rs do not deal with 
the dynnmics of the subject, any inquiry will here be confined to 
the change of form due to the modilied conditions of equilibrium, 
without going into the question of the agitation and inertia of 
the chains and load. 

We have already {finte. page 50) shown a method of delcrrriiniag 
(by a diagram) the curve proper to a chain sustaining a load dis- 
tributed in nny given manner, and the same means would serve 
for finding the position of the deflected chain under a new dispo- 
nition of loading. But for stnall displacemeuta some approximate 
mode of calculation is to be desired, the point to be determined 
being not so much the form per te of the curve of equilibriura, 

* OwiiiDned fhmi {■■ge ITl. 



as the muiDte differences between the original and the distorted 
curve. 

Til is delicate and subtle investigation seems far from haviog* 
shared in the genend attention which hjis been given to the 
aimpler studies of parabolic and catenary curves. We have seen 
no examination of the displacement of a free chain save a paper 
which appeared last July in this Journal (vol. xxiv. p. 207.),* io 
which the matter has been ably treated on the broailest Itadis, 
under certain !i8sumi)tiona for the sake of genenilisation, which 
are duly noted at the stages where they are made. 

It does not come within our present scope to attempt a general 
formula for the displ.icements of catenariea, But the extreme 
simplicity of the parabohi, which has been seen to be practically 
the curve for suspension bridges, favours the hope that a law 
of small disturbances fnr these bridges may be determined with 
great exactness. We therefore limit ourselves to the parabola as 
the basis for investigating the disturbances of ordinary suspen- 
sion bridges, narrowing our view of the subject in order to special 
accuracy in that part of it that concerns our present purpose. 

While examining the statics of the question, the geometric 
consideration of the length of the curve of the chain before and after 
deflection must also be given heed to. Apart from any stretch- 
ing of the links (which must be reserved for separate enquiry), it 
is manifest that the actual curve of displacement must be exactly 
of a length with the original curve. If the points from which the 
chain hangs at the towers are to be taken as ab.wlutely fixed, the 
constancy of the length of the chain will bring all small displace* 
ments under the following law: — 



/: 



ax 



The integral being taken from tower to tower, and x being 
=^.V'— f/, where y is the ordinate of the curve after, and y before, 
displacement. This law (of which a demonstration will be found 
Vol. xxiii., p. 355) is not peculiar lo' the pantbola, but applies 
universfdly. 

Under the guidance of this law it is now proposed to investi- 
gate a small dia]ila.cemeut as exhibited (on a mngniSed scale) iu 
Fig. 39. 

AOB is A chain carrying a load (inclusive of its own weight) of 
which the horizontal distribution is assumed to be aniform, and 

Fio. 8ii. 




at the rale w per foot forward. The span = » and the rise = 4, 

the points of suspension at A and B being on a level. The chain 

will hang in a parabola of which the vertex is at the half-span 0, 

and OY the axis; and the following equations will give the 

general conditions: — 

«* 

Parameter (p) = — (I) 

4A 



Load (L) = va 



_f*M^\ vp 



Horizontal tension (T)=J - -— J -^ 



A displacement is aiused by suspending a weight W from the 
point P in the right-hand section of the chain. W = qh^zimfi, 
and the horizontal distance of P from the half-span O is = r». 
Thus r is the fraction obtained by dividing the distance of the 
disturbing weight from the half-span by the entire span, and can 
never numerically exceed ^. While q exftressca the ratio of the 
disturbing weight to the distn'huled hmd, and will commonly be 
not VL'TV considerable. The following eijuatiuus show the altered 
conditions: — 

Parameter = p-|-|»i (5) 

Lo«l = L+W=»(I -)-<?)« (6) 

HorizoataUeD8ioii=T-}-Ti=^^^^3^ (7) 

In asauming AP and PB to be both arcs of one parabola after 



* " ItaflKUon of Su|iuwlan Bridgd." By Homenbata Ooz, VLA. 
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«icd1ectioD, we neglect as VnconBiderable the slight change in the 
«ii8tributioQ of loading 'wVkkh would result frcuri disphiceroeut. 

The pnraboln now hu iu vertex shifted to the right of O, (or 
'towards the more heavily lua^ied tower,) aud would if unbroken 
continue ia the liue PPi^B,. The coDoeutration of the load W at 
"the point P has however the eflFect of abruptly changing the 
^lirection of the tangent at that point in the same manner as if 
the arc PP, were left out, and the upper portion PjB, trans- 
ferred to PB. The length of this imaginary arc PPj, which if 
inserted at P would restore the continuity of the parabola, roust 
be such as to answer to a load eaual to W (or taqt); from which 
it appears that the horizontal aistanee between P and Pj (or 
between W and N) must be =: gt. 

The position of the lowest point of the chain after disptacement 
will of course be in the line M V, which marks the point of greatest 
moment, aud can be readily determine*!. The horizontal dis- 
tanoes of P from the towers A and B respectively being (i+r)« 
and (^ - r)#, the load at P (which is = wjt) will be divided, in- 
versely as those distances, into the portions vq[^- r}t carried by 
A, and «'7(4-f-r)« carried by B. The total load will therefore be 
thus divided: — 

OnA . . v}[^+qih-r)]$ (8) 

OnB . . w[J-|-9(i-|-r)> (9) 

and the line MV must be situated at the point where the load 
tbus divides. 

Call ^o=absciasa of the vertex of the parabola after deflection, 

Then Xo=?(i-r)» (10) 

As long as the rel.ation between the weight W and the position 
of P is such Ihnt tjih — r) does not exceed r, the vertex will take 
a position between the half-spm and P, and will coincide with M. 
When q(^~r) becomes z= r, both the vertex and M will coincide 
with P. And when 71"^ — r) is greater than r, M will still remain 
at P, which will therefore be tlie lowest point of the chain, but 
the \'ertex will be beyond the chain in the imaginary arc PPj. 

Let //^=the onlinate of the new vertex, and j, and yj ^ ^^^ 
co-ordii]at«*8 of the point Pj, and x^ and y, the oo^rdinatei of P, 
after deflection. 

'n..uy, = k-^l±sJl^:^.^ ...(11) 

Xt={r+q)*, and jt, = rt, 

••—^'■^ <-> 

The last expression gives the rise of the arc PP^ 

Take y' as the ordinate at any point after aeBection:* then 
between A and P 

. , [jr-9(i— r\»P ,._, 

^^y"+ f>;p» <^^^ 

and between P and B 



_ [j-4-9{i-f»r)jf 



y-y(,+ 



p+Pi 



-(y»-yi)-.. 



(14) 



From equations 4, 13, and 14, we find the expressions for s 
(which is = y — y\ and thence by differentiation — ia found : 

-r will be = — . From these data / ~ dz = - /sds between 
<^ P J dx pJ 

A and P and between P and B can be determined. 

This integral between the extreme limits A and B will be 
equal to the sum of the partial integrals, and is found after 
reduction to be 

and, according to the principle already laid down as governing 
small displacements, the preceding expression miut be = 0. 
From this it follows that 



Pj=2W(l-4»^ 



(15) 



Or the parameter of the paraboLi ia increased in the ratio of I to 
l-H?(l-4r'). 

* Wt •■■■• Ite s t i ofa M to ranMin th* Mine; Uia omr ioTolTed in thit MNiBftioo 
Mai HttlBg wbta llM lUtiirbMMe U «bmU. 



The horizontal tension after deflection, from (7) and (15), is 
T+T,= '^ (l+^?{l-4»^) (16) 

Having the parameter we can now determine the actual dis- 
placement. To begin with the half-span. The vertical displaoe- 



=i'^,+ 



= A- 



meut at O, fi-om (13) aud (11), 

y *(l-2r)« ^ 

P^Pt " 4 
[i-hg(t-2>-)?-g\l -£»•)» ^ ^ 

For h substitute its value by equation (1) — viz. — , and for pj 

substitute its value from (15), and reduce. 
Then Vertical displacement at the half-span O 

^ y( l-2r)(l-6r) >? ^ 9(l-2r)(l-6r) 

2+39(l-4r») ' 4p 2+3v(l-4r*) ' '"^ ' 

If the disturbing weight is applied at the half-span (r being = 0), 
a depression will be produced 

~~ 2T39' 
and an increase of horizontal tension will result, (see (16),) 

= |9T (19) 

So long as r is less tliau \, or the disturbing weight less than 
one tbinl of the distance from the half span to the tower, the 
expression (17) remains negative, showing depression at O. 
When r= J there is no depression at O. W hen r exceeds J, the 
chain will rise at O. 

These results ceaae to correspond closely with experiment when 
the disturbing weight is very considerable, and the proportion 
of rise to span great, the actual disturbance falling short of the 
theoretical approximation. 

The pobition in which the given weight W=ic9* will cause 
most rise of tho chain at O ia that in which 



(18) 



2g-i-I 
4? 



• 129 



As 7 ia diminished r approaches the inferior limit \, showing 
that a small weight will occasion utost rise at O when placed 
rather more than twice as for from that point as iiom the tower. 

The horizontal displaoemeut at the half-spau O is found by 

taking the integral oi -j .dz between the limits ,r= — ^* and j?=0; 

bearing in mind that when the result is negative it indicate« 
a horizontal spreading of the chain. The integral ia reducible 
to the form 

— « /■ ■ x TKI-S^) 

aXp+Pi)' 

For 2p(p-|-P2), substitute (from 15), pT;2-f 3^1 — 4r^], and for 
-; sabatitnte, from (1), , and reduce. 



16A- 



Horizontal displacement at 0:=— ■ 



Then, 

«Kl-2r) 



« 2+39(1— 4r») 



.(20) 



The negative sign must be taken as iudicating motion from the 
left tower A towarvls the lower B carrying the greater load. The 
value of r which makes this motion at greatest is, for any given 
value of 9, found from the equation 

39 4- 2 — V69 + 4 
^ 69 

as 9 is diminished r approaches the inferior limit \, showing that 
a small weight will cause most horizontal motion at O when it is 
placed nearly midway between that point and the tower. 
The verti«2d displacement at P, the point where W ia suspended, 

^ (l-fl20(l-4r^ («> 

' 2-f.l7(l-4r») ^ 

And the borijsontal diapLicement at P 

-_ ^* q r(l — 16r*) 

<To hi cotKtmio/.) 
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IMPROVEMENTS IN PARIS. 

Lv the coarse of last year a project was aanounced of putting 
the quarliers of Picpus and Bercy in direct commuuication with 
the faubourg Saint Antoine by a group of new thoroughfares 
traversing the landa of the ancient abbey; these improvemenla 
have just been commenced, and already several houses at the 
angle of the mea de Reuilly and du Faubourg, have beco 
demolished to make a passage for the new rue de I'Eropereur, 
one of the projected new streets. This new street is to be 
divided into two portions; one commencing at the demolitiona 
above mentioned and to be prolonged as far as the boulevard 
Mazas; another leading from the TOulevard M&zas to the carre- 
four de Rarabouillet 

The first, only just commenced, will be bordered by the out- 
buildings of the hotpice and the Reuilly barracks, paiiaiDg through 
the waste grounds temporarily occupied by pedlars' stalls and 
the itinerant cartaof strolling performers; but the second portion 
la already in part traced out, and possesses some very fine habi- 
tations. Near the end of this large thoroughfare another street 
commences in the direction of the faubourg St. Antoine, and 
opens out in front of the rue Sainte Marguerite; this is also 
jNU'tly covered with buildiugs. 

The carrefour de Bambouillet, where the two new streets are 
to meet, is also the point of intersection of the rues de Cbarenton, 
de Rambouillet, and the Petite rue de Reuilly; a circular opea 
spnoe, part of which is furnished with new houses, will be the 
centre of union of some of the moat important streets of the fau- 
bourg St. Antoine. 

The landa of the abbey of St, Antoine, to be intersected by all 
the streets of this new quarter, occupy the space included between 
the (iraude rue du Faubiiurg, the boulevard Msizas, the Reuilly 
barrticks, and lYm babitutions of the rue Lenoir. This 6{Kit, more 
considerjiblo than other of the Paris bourgn, includes a principal 
street, alliiva aud courts, cafes, &c., besides tields with rustic habi- 
tations. The greater portion of the principal street will be ab- 
sorbed by the prolongation of the rue St. Bernard; already several 
constructions, properly aligned, have been run up, and the inha- 
bitants are impatiently waiting for a direct outlet into the fau- 
bourg. One of the Maisons de Seoriursof the 12i.h arrondissement 
has been built on the continuation of this street. Close to the 
abbey of St. Antoine on the south side, below the Viocenues 
railway, several other new buildings are springing up, aod are 
to form portions of the new boulevard de Picpus, which is to 
unite the new boulevard de Vinoennea with the place de la 
Bastille. 

The handsome porch of the Saint Etienne-dn-Mont church, the 
restoration of which was comnietioed last year, is nearly clear 
from the scaffolding, aud will be completed in a few months. 
Owing to the decay of the ornamental portion which was nearly 
etfaced it has been renewed thoroughly from one end to the other, 
with the addition also of indispensable accessories, which had 
never been put up since the comraeucement of the church. The 
statues of St, Hilaire and St. Beuoit have been jdaced on cornices 
above the front of the second story, the Virgin and the angel 
Gabriel in the lateral niches of the rosace, and the va-ses with 
flames serve to deaden the effect nf the projections. St. Benoit 
aud St. Hilaire recai to mind each of the two parishes uniteil 
under the name of St. Etieune-du-Mont. This portal, the work 
of the early portion of the 17lh century, is one of the most 
remarkable of that epoch. Its general vertical section is that of 
a pyramid in stories, whose base consists of the first order of 
architecture. The principal doorway of the church, approaches! 
by a flight of stepa, is surmouoted l>y a triangular pediment, sup- 
ported ou four columns built into the work, with niches in the 
intervals for the statues of St. Etienue aod St. Genevieve; above 
this first story is another of the second order of architecture, four 
columns, as in the Isist described, with semicircular niches iu the 
spaces, and a star-shaped rosace in the centre, of the Renaissance 
style; above this a curved broken pediment: this second order is 
snrmonnced by a pointed gable, the tympanum being relievwl by 
a pierced circular bay with twisted ribs; this bay is inclosed by 
pilasters of handsome cut stone. The organ is undergoing ex- 
tensive alterations, and another temporary one has been put in 
use. 



THE PROPERTIES OF IRON, AND ITS RESISTANCE 

TO PROJECTILES AT HIGH VELOCITIES.* 

By W1LI.IAM Faibhajrn, F.R.S. 

We have no coirect record as to the exact time when wronght- 
iron plates were first employed for the purpose of building vessels. 
It is, however, certain that iron barges were in use on canals at the 
close of the last century. In 1824, Mr. Manley, of Staffordshire, 
built an iron steamboat for the navigation of the river Seine, and 
this was the first iron vessel that attempted a sea voyagei She 
was navigated Arom this country to Havre, by the lute Admiral 
Sir Charlea Napier, and although constructed for shallow rivers, 
she neverthele-ss crossed the channel in perfect safety. From 
that time to 1830 no attempt was made to build iron ve:wela, and 
nothing was done towards ascertaining the properties of iron as a 
materia! for ship-building. 

A series of experiments, instituted by the Forth and Clyde 
Canal Company in 1829-30, to aacertain the law of traction of 
light boats at high velocities on canals, led to the application of 
iron for the construction of vessels; and the lightness of these new 
vessels, combined with their increased strength, suggested the 
extended application of the materiiU in the constniction of vesaels 
of much larger dimensions, and ultimately to those of the larger 
chiss, both in the war and mercantile navy. Considerable ditfi- 
cidty, however, existed with regard to the navy; and although 
the principle of iron constroctioD as applied to merchaut vessels 
aud packets was fully established, it was D<iverthelt'fl.s considered 
inapplicable, until of late yairs, for ships of war. It is true, that 
nntil the new system of casing the sides of vesaels, first introduced 
by the Emperor of the French, iu 1S54, wai establishcil, the iron 
ship was even more dangerous under fire than one built entirely 
of wood. Now, however, that thick iron plates are found 
sufficiently strong, under ordinary circumstances, to resist the 
action of guns not exceeding 120-poundera, for a considerable 
length of time, the state of the navy and the minds of our naval 
officers have entirely changed. We must, therefore, now look to 
new conditious, new materials, and an entirely new oonstmetiun, 
if we are to retain our superiority as niiatrusa of the seaa. There 
yet remain amongst us those who contend for the wooden walls, 
but they are no longer applicable to the wants of the state; and I 
am clearly of opiuiou that we cannot afford to trifle with ao 
important a branch of the public service as to fall behind any 
nation, however powerful and efficient they may be in naval ooii- 
strnclion. Having satisfied ourselves that tbie deuderatum must 
be attained, at whatever cost, I shall now endeavour to point out 
such facts as in my opinion relate to the changes (hat are now 
before us, and simply endeavour to show — 

Ist. Th6 description of iron best calcuhited to secure atreogtll 
and durability in the construction of ships of war. 

2nd. The distribution aud beat forma of construction to attain 
this object; and, 

Lastly. The properties of iron best calculated to resist the 
penetration of sliot at high velocities. 

Proper tit» of Irnn.-^\{ we are desirous to attain perfection iu 
mechanicjd, architectural, or ship-building construction, it ia 
eR^4ential that the engineer or architect should make himself 
thoroughly aconainted with the properties of the materials which 
he employs. It is unimportant whether tlie construction be a 
house, a ship, or a bridge. We must posse'ss correct ideas of the 
.<<trength, proj>ortion, and combination of the parts, before we can 
arrive at satisfactory results; and to elleut these objects the naval 
architect should be conversant with the following facta relating 
to the resisting powers of malleable aud rolled iron to a tenaile 
strain, The resistance in tons j^er square iucli of — 

Yorkshire iron is 24'50 tone 

Derbyshire „ aO 25 „ 

Slin-pshire „ 2250 „ 

Stjiff.irdshire „ ... 20-00 „ 

Strength of Rivetled J/nnts. — The architect, having fortified 
himself with the above facts, will be better able to carry out ft 
judicious distribatioQ of the fnimes, ribs, and plates of an truii 
ship, so a.1 to meet the various strains to which it may be auH- 
jucteil, and ultimately to arrive at a distribution where the whole 
iu combiuatiou presents uniformity of resistance to repented 
strains, and the various changes it has to encounter in actnal 
service. 

* AUtncl of a pMiar roceuUjr roMl twbira Uts Hujal IiuUtate. 
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There ia, however, arjother circomstAOCO, of deep importAnce to 
^he naval architect, which should ou no acoount be lost aigbt of^ 
1(1 that ia, the tsompamtive values of the rivett*<l joints of plates 

the plates themselves. Tbe»e, aecc>nliug to experiment, give 

the following results: — 

Taking the cofaenive strength of the plate at ... ... 100 

Tlie Btrength of the doubk-ri vetted joint was foiuvl to be 70 
And the lingle-rivettixl joint Sd 

These pDportioaa apply with great f:>rce to yeaseli requiring 
•loae rivetting, such aa anipa and boilers that mast be water-tight, 
and in calcolatioa it ia oeousaary to make allowances in tliat ratio. 

Strmgth of Sftipi.— Of \a,t£ years it has been fonnd convenient 
to increase the length of steatners and iiailing veaaeia to aa much 
aa eight ur nine times their breadth of beam, and this for two 
reaaona; first, to obtain an increase of speed by giving fine sharp 
line.3 to tlie bow and stem; and second, to secure an increase of 
cafMMuty for the same midship section, by which the canying 
powers of the ship are gruatly augmented. Now, there ia no 
■eriotu objection to this increase of length, which may or may not 
have rea<^e<l the maxim mii. But, unR}rtunately, it has hitherto 
beaaacciiiDikliiihed at a great sacrifice to the strength of the ship. 
Veaaek flijating on water and subjected to the swell of a rolling 
am — ^to ny nothing of their being stranded or beaten upon the 
roeka or sandbanks of a lee shore — are governed by the same laws 
of traUHverse strain aa simple hollow beams, like the tubes of the 
Cktnway and Britannia tubular bridges. Assuming this to be 
true — and indee<l it scarcelv requires demonstration — it follows 
that we cannot lengthen a ship with impunity without adding to 
her depth, or to the sectional area of the plates in the middle 
aloQg the line of the upr>or deck. 

If we take a vessel of the ordinary construction, or what some 
veara ago was considered the best — 3(X> feet long, 41 ft. 6 in. 
oeain, and 26 ft. 6 in. deep — we shall be able to show how inade- 
quately she is designed Uj resist the strains to which she would 
be subjected. To arrive at these facta we shall approximate 
nearly to the truth by treating it as a simple beam; and this ia 
actually the case, to some extent, when a vessel is supported at 
each end by two waves, or when rising on the oreat of another, 
supported at the centre with a stem and stem partially sus- 
pended. Now in these positions the ship undergoes, alternately, 
a strain of compression and at tension alont^ the whole section of 
the deck, corresponding with equal strains of tension and com- 
pression ailing the section of the keel, the strains being reversed 
according as the vessel ia supported at the ends or the centre. 
These are, in fact, the alternate strains to which every long vesstel 
is exposed, particularly in seas where the distance between the 
crests of the waves does not exceed the length of the ship. 

It is troe that a vessel may continue for a number of voyages 
to resist the continuous strains to which ^he is subjected whiUt 
resting on the water; but supposing in stress of weather, or from 
some other cause, she ia driven on rocks, with her bow and stern 
sncupeuded, the probability 's that sthe would break in two, separa- 
ting {torn the insufficiency uf the deck on the ona hand, and the 
weakness of the hull on the other. This ia the great source uf 
weakness ia wrought-iron vessels of this conatrtiction, as well aa 
of wo<'ideu ones, when placed in similar trying circumstances.* 

ChangM tn prograi. — Having directed attention to the strength 
of ships, and the necensity for their improved construction, we 
nay now advert to the changes by which we are surrounded, and 
to the revolution now pending over the destinies of the navy, and 
the deadlT weapons now forging for its destruction. It ia not for 
na alone, but for all other maritime nations, that these Cyclopean 
monsters are now issuing from the furnaces of Vulcan; and it 
bvhoves .-ill those exp(^>sea to such merciless enemies to be u{>od 
their gourd, and to have their Warriors, Merriinacs, and Monitors, 
ever rtiady, clothe<l in mail from stem to stern, to encounter such 
formidable foes. It has been seen, and every experiment exem- 
plifies the same fact, that the iron ship with its coat of armour 
ts a totally different construction to that of the wootlen walla 
which for centuries have been the pride and glory of the country. 
Three-deckers, like the Victory and the Ville de Paris of the last 
eentary, would not exist an hour against the sea-monatera now 
oatntcg into use. 

The days of our wooden walla are therefore gone; and instead 
of the gallant bearing of a 100-gun ship, with every inch of can- 
vas self (iaahing the spray from her bowa lud careering merrily 

* Bw Vol. t. of tbe TniiiiMrtloiii of the Int ilQtlon of .Varml Arahitectn, oo tb« Btreogtll 
aCfassSMfs. 



over the ocean, we sluill find in its place a bl/ck demon, some five 
or six hundreti feet long, stealing along, with a black fuiiuol and 
flag-staff, on her mission of destruction, and scaniely seen above 
water excepting to show a row of teeth on each side, aa formid- 
able as the iron carcaaa that is floating below. This m«y, with 
our present impressions, be considered a perspective of the future 
navy of England — probably not encouraging — but one on which 
the security of the country may ultimately have to depond, and 
to the constnaction of which the whole power and skill of the 
nation should be directeil. I have noticed these changes, which 
aro fast approaching, from the conviction that the progress of the 
aFi|ilied Bcieuces is not only revolutionising our hahita in the 
development of uaval construction, as in every other branch of 
industry, but the art of war is undergoing the same changes as 
those which have done so much for the indnstriivl j*esonrces 
of the country in times of peace. It is therefore necessary to 
prepare for the changes now in progress, and endeavour to effect 
them on principles cidculated, not only to ensure security, but to 
place this country at the head of constructive art. It is "to attain 
these objects that a long and laborious class of experiroenti have 
been undertaken by the Government, to deteinnine how the future 
navy of England tihall be built, how it should be armed, and 
under what conditions it can best maintain the suprenu\cy of tlie 
seas. This question does not exclusively confine itself to armour- 
plated vessels, but also to the construction of ships, which in 
every case should be stmug and powerful enough to contend 
against either winds and waves or to battle with tlie enemy. It 
is for these reasons that I have ventured to direct attention to 
the strength of vessels, and to show that aoue of our mercantile 
ships are exceedingly weak, arising probably from causes uf a 
mistaken economy on the one hand, or a deficiency of knowletlge 
or neglect of first principles on the other. 

Now, it is evident that our future ships of war of the first class 
muiit be long and shallow; moreover, they must contain elements 
of strength and powers of resistance that do not enter into the 
construction of vessels that are shorter and nearly doubl** the 
depth. If we take a first-rate ship of the present cinstmrtinn, 
such as the Duke of Wellington, and compare it with one of the 
new or forthcoming construction, carrying the same weight of 
ordnance, we should require a vessel nearly twice the length and 
little more than half her depth. Let us for example supjjose the 
Duke of Wellington to be 360 feet long and 60 feet deep, and the 
new construction .300 feet long and 4f5 feet deep; wfi shonM then 
have for the resistance of the Duke of Wellington to a trBiisverse 

strain tending to break her bsck, W= —j- • Taking 60 us tlie 

constant, and the area of the bottom and upper deck aa 1060 

square mchos, we have W— :^- = 12,223 tons as the 
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weight that would break her in the middle. Let us now take 

the new ship, and give her the stiiue area top and bottom, and 

k w 1060 1-46XG0 ,-.,^ uL- 1 »i. 

airain we have W= -—z =5851 tons, which is less than 

fltO 

half the strength. From this it ia obvious — if we are correct in 
our caleolations — th.it the utmost c:4re and att^uiinn ib requi- 
site in design and construction to insure stability .-tud perfect 
security in the build of ships. 

Met^nical Properties of Iron. — It is unnecessary to give more 
examples in regard to sti-eugth, and the proportioiia that nbould 
be observed in the c<>UHtruetion of our future uiivy. I hnve 
simply directed attention to it m a subject of groat importance, 
and one that I am satisfied will receive careful con.iidt.' ration 
on the part of the Admiralty and the Compti-oller of the Navy, 

The next t]uestion for consideration is the properties of iron 
best calculate*! to resist the jtenetration of shot at high velocities, 
and in this I am fortunate in having before me the experiments 
of the Committee on Iron Plates, which may be enumerated aa 
under: — 

TenDa Stmgtb Oomp > « Ml on p«r XUtkal B«at«taii«(> 

to Ton* Uuit o( Lftoftb toPauclilnKlnTuiia; 

par iqum iadi. in Tool. 1-incb PUui. 

7-7e:l ... 24-802 ... 14-203 ... 40-1304 

RBmarkt. — The specimens subjected to compression gradually 
squeezed down to oue-iialf their original height, iucrea^ing at the 
same time in diameter till they attained W tons on the square 
inch. 

in these experiments, four descriptions of iron were selected, 
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DflMiiy. 


Teo&cit7 in Tniu 


7'8083 


24 «44 


7'703« 


23 354 


7-9042 


27""S'2 


7«3i2 


24-171 



marked A, B, C, D; the two firet and lost were taken from rolled 
and hammeix-d iron jilates, excepting C, which vma buotoj^eueoos, 
nud gave hi<,'her results to teusiou and dead pressure than the 
otbuts. In (Jennity &ud tenacity they stood as follows: — 

Uark 00 7Ut«*. 

A Plates 

B Platffli 

C Platoea, htnnO|^ae<>u8 

D PlAtes 

Here it will be observed, that the strengths are in the ratio of 
tbn densities, excepting only the B plates, which deviate from 
tiiat law. 

On the resistance to compression, it will be seen that in none of 
the experiments was the specimen actually crushed; but tliey 
evidently gave way at a pressure of 13 tons per square inch, and 
were considerably cracked and reduced in lieight by increased 

From the experimeots on punching, we derive the resistance of 
B, €, I) plates to a flat^onded instrument forced through the plate 
by dead pressure as follows: — 

Bhearin? Strain Batlo, 

Hark Do nam. in Tons {lor tAldcg A M 

wiu&rr inch. Unitj. 

A Plates l!':.Il ... 1000 

B rUtoi 17719 ... 0907 

C PUtea 27-704 ... 1-168 

D Plat«!H 17035 ... S73 

Here it may be noticed that the difference between the steel 
plates of series C, and the iron plates of series A, is not conside- 
rable, though iu all others the steel plates exhibit a superiority 
in Rtjitical resistance. 

Having ascertained, by direct experiment, the mechanical 
resistance of different kinds of iron and steel plat«s to forces tend- 
ing to rupture, it in intereatini^ to obser^'e the close relation 
which exists between not only the chemical analysis as obtained 
by Dr. Percy, but how nearly they approximate to the force of 
ini|>act, us exhibited in the oxperimenta with ordnance at 
Slioeburynesa. 

Dr. Porcy, in his analysis, ob9en.'es that of all the plates tested 
at ShoeVjuryiiess, none have been found to re.«ist better than those 
lettered A, B, C, D, with the exception of C. The iron of plate 
E contained less phosphorus than either of the three A, B, D; 
and it is clearly established that phosphorus is an impurity 
which tends in a remarkable degree to render the metal "cold 
sltort," i.«., brittle when cold. 

The following table showa the ciieniical oumposition of these 
irons: — 



lUtk. 


Okrbon. 


Solphnr. 


FluMpbonu. 


BUloon. 


ISt/agntM 


A . 


- -OldSfl 


.. 104 . 


•106 .. 


. •12-i 


.. "2S 


B . 


. ■0327 


.. -121 . 


•178 


. -IfiO 


.. ^029 


. 


. '028 


... 190 . 


.. -020 


. -014 


.. 100 


D 


. '0439 


... 118 . 


.. '228 


. -174 


.. -250 


E , 


. -170 


... -0677 - 


•0894 .. 


. 110 


.. -330 



Comparing the chemical analysis with the mechanical proper- 
ties of the irons ex|)erimeuted upon, we find that the presence of 
0'23 per cent, of carbon canseB brittleneas iu the iron; and this 
was found t';) be the case iu the homogeneous iron plates marked C; 
and althouf;h it waa found equal to A plates in its resistance to 
tension and cumpression, it was very inferior to the others in 
resisting concussion or the force of impact. It therefore follows 
tliat toughness oombtued with tenacity is the description of iron 
plate best adapted to rcisist shot at high velocities. It is also 
fiand lliiit wrought-iron which exhibiu u fibrous fracture when 
liiijken by bending, presents a widely ditTerent aspect when 
suddenly snapjjed asunder by vibration, or by a sharp blow from 
tt shot. In the former case the fibre is elongated by bending, 
and becomes developed iu the shape of threads as fine as silk, 
whilst in the latter the fibres are broken short, and exhibit a 
ilecidedly crystalline fracture. But, in fact, every dencriplion of 
iron is crystalline in the first instauce; and these crystals, by 
every succeeding process of hammering, rollintf, &c., become elon- 
gated, and resolve themselves iuto fibres. There is, therefore, a 
wide dilTerence iu the appearance of the fracture of iron when 
broken by tearing and bending, and when broken by impact, 
where time is not an element in the force producing rupture. 

If we examine with ordinary care the state of our iron manu- 
facture as it existed half a-century ago, we shall find that our 
knowledge of its properties w.%8 of a very crude and most imperfect 
character. We have yet much to learn, but the necessities ariung 




from our position as a nation and the changes by which we i 
surrounded, will stimnlate our exertions to the acquisition 
knowledge and the application of science to a more exteodc 
investigation of a material destined, in course of time, to beoomfl 
the bulwark of the uatiuu. It is, therefore, of primary importance, 
that we should make ourselves thoroughly ac<^uainted not only 
with the mechanical and chemical properties of iron, but that we 
should moreover be able to apply it iu such forms and conditions 
as are best calcukted to meet the requirements of the age in 
which we live. 

Entertaining these views, I cheerfully commenced with my 
talented colleagues the laborious iuve.'jtigations in which we are 
now engaged; and looking at the results of the recent experiment 
with the 30(>-|>ouuder gun on the one hand, and the resisting 
tirgeta on the other, there is every prospect of an arduous and 
long-continued contest. 

h rom the Manchester experiments to which I have alluded, _ 
we find that with plates of ditferent thicknesses the resistoijc 
varies directly as the thickness, that is, if the thickness be na l.h< 
numbers 1, 2, 3. &c., the resisLtnce will be as 1, 2, 3, &c.; but 
those obtained by impact at Shoeburyuess show that, up to a 
Certain thickness of plate, the resistance to projectiles increases 
nearly as the square of the thickness. That is, if the thickneaa 
be as the numbers I, 2, ;i, 4, &c., the resistance will be as th*j 
numbers 1, 4, 9, 16, Ac, respectively. The measure therefore 
the absolute destructive power of shot is its via viva, not its me 
mentum, as ha;s been sometimes supposed, but the work ao< 
cumulated in it varies directly as the weight of the shot multiplied^ 
into the square of the velocity. 

There is therefore a great difference between statical preasnra ' 
and dynamical effect; and in order to ascertain the difference 
between fiat-ended and round-ended shot, a series of experiments 
were undertaken with an iustrnmeut or punch exactly similar ia^ 
size and diameter, and precisely corresponding with the steel shot 
of the piece •85 diameter employed iu the experimeuta at Shoe-J 
buiynesa. The results on the A, B, (..', and D plates are as foUows..| 





EnsisUnoe in lis. 


CbMsetor of FbtM. 




Punch roand-Mtdcd. 


t A Plates 


57,95(5 
57,OfiO 
71,03J 
■JG.OSO 
84,587 
82,381 


61,SS6 


.r ,- - , ... 1 B Plates , 


48,788 


HaIf-mohth,ck^gfi^J^_;" 


85,5'24 


(.!-' Plates 


43,337 
98.4-20 


Three-quarter j B Plates 


inch thick | D Plate* 


98,671 


Mean 


67,017 


72,754 



These figures show that the statical resistance to punching ia I 
about the same whether the punch be fiat-endetl or ronud-ended, I 
the mean being in the ratio of 1000 : 10S5, or 6i per cent, greater 
in the round-euded punch. It Is, however, widely difl'ereut when] 
we consider the depth of indentation of the flat-ended punch, and] 
compare it with that produced by the round-ended one, which ia] 
3i times greater. Hence we derive this remarkable deduction, 
that whilst the statical resistance of plates to punching is nearly 
the Slime, whatever may be the form of the punch, yet the 
dynamic resistance or work done in punching is twice as greatl 
with a round-ended punch as with a llat-cnded one. This on 
course only approximately expresses the true law; but it exhibit*] 
a remarkable coincidence with the results obtained by ordnance | 
at Shoebnryness, and explains the difference which has been 
observed in these experiments, more particularly in those instance* 
where round shot was discharged from smooth-bored guns at high 
velocities. To show more clearly the dynamic effect or work done 
by the weight of shot which struck some of the taiveta at different 
velocities, the following results have been obtained: — 



TABflK. 


WeiBht 
of SUdt 

itrikiug 
TiTHflt. 


Work doM oa TaicM. 


Total. 


Par .Sqoan FooC 




Iha. 
V253 
1511 

U4S 

1024 
3229 
ti410 


Foot Ibi. 

822,000 
324,000 
312,000 


root Jl». 
29,078,000 
37.14O.t)O0 
19.7'2e,WK» 


Tliomeycnift 10 inch Embrasure ., 
lioberts'g Target 


Fairbairn-B Tarffet - 


23.31 1.0(Mi 


WaiTior Tarwct 


«2, 57 0,000 


The Committee's Target 


124,n98,7»0 
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From tbe above, it will be observed, thnt the two last targets 
have BiuUtDed iu work dooe what woulil if conueutrnteU be 
sufficient to sink the largest vessel iu the British uavy. 

We are all acquainted with the iippeiuuoces Jind physical cha- 
racter of artilleiT, but few are conversant with the nature of the 
tioua and the electa produced by shot on t)ie sides of a ship 

on reaiating forts and largcta. 

The shot of a san — to uae the expreHsioa of my ooUeague, Air. 
Pole — i» simply the means of transferring uiecbonical jx)wcr from 
one place to another. The guupowrier in the gun developea by 
its oombustina a certain quantity of mechanical force, or work as 
it ia now called, and the object of the aliot ia to convey this work 
to a distance, and apply it to an object auppoaed to be otherwiiKS 
iniu^cefiaible. The etfect of this, according to Mr. Pole's formula, 
is W=:it3 velocity iu feet per second; V=weight of the shot in 
lbs. Then, by the principle of vis viva, the quantity of work 
stored up by the moving mass, measured in Iba. 1 foot high, is 

WV* 

= , g being the force of gravity^32^. 

Tbaa, if we have a shot, like that recently used against the 
Tarrior target, 156 lb., moving at the rate of 1700 feet per 
and, the work done will be 

^ 156-^0700)* ^7 OOQ 233 ^^^ f^^ j^j^^ 

Showing at once the immense power that this small body is able 
to deliver on every resisting medium tending to arrest its course 
and bring its particles to a state of rest; or in other words, it is 
«qaivnleut to raising upwards of 3000 tons a foot high in the air. 

The application of Iron for Purpo»e» of Defenee. — Having 
lined, in a very condensed and cursory manner, the present 
I of our knowledge iu regard to iron, and its application to 
"the purposes of shipbuilding, let ua now consider iu what form 
and under what circumstances it can best be applied for the 
security of our vessels and forts. To the latter the answer is, 
make the battery shields thick enough ; but a very different 
solution is required fur the navy, where the weight and thickoess 
of the plates is limited to the carrying powers of the ship. It 
has been observed with some truth that we have leanit a lesson 
from the recent naval action on the American waters; but it 
must be borne in mind that neither of the vessels engaged nor 
the ordnance employed were at all comparable to what have been 
lued at Shoeburyness. 

To those who, like myself, have gone through the whole series 
of experiments, the late eng.igement will appear instructive, but 
not calculated to cause any great alarm, nor yet elfect any other 
changes than tboite primarily conteiuphited by the Government, 
and such as have been deduced from our own e-Tperiuents. It 
is, nevertheless, quite endent that our future navy mv9t be en- 
tirety o/ iron; anil judging from the last experiment with the 
Armstrong smooth-bore gun, it would almo&t appear as a pro- 
blem yet to be solved, whether our ships of war are not as safe 
without iron armour as with it. If our new construction of 
shi|M are strong enou;2;h to carry armaments of 300-pounder 
guns, which is assumed to be the case, our plating of (i or 7 inches 
thick would be penetrated, and probably' become more destructive 
to those on board than if left to make a free passage through the 
ship. In this case we Bhould be exactly iu the same position as 
we were in former days with the wooden walls; but with this 
diflerence, that if built of iron the ship would uot take fire, and 
might be made sheil-proofl It is however very ditferent with 
fortd, where weight is not a consideration, and tliose I am per- 
suaded may be made sutfioiently strong to resist the heaviest 
ordnauce that can be brought to bear against them, In this 
statement I do not mean to say that ships of war should uot be 
protected; but we h.ave yet to learn in wh.at form this protection 
C&D be effected to resist the last ])owerful orduance, and others of 
still greater force which are loominy in the diKlance, Jiud are auie 
to follow. 

A great outcry has been raised about the inutility of forts; 
and the Government, iu compliance with the general wish, has 
suspended those at Spithead, — I think improperly so, as the 
rooeot experiments at Shoe buryii ess clearly demonstrate that no 
vessel, however well protected by armour-plates, could resist the 
effsets of such powerful artillery; and instead of the contest 
between the Meniniac and the Monitor, and that of the 30O- 

S>aoder gun, being against, they are to every appearance in 
rour of forts. Should this be correct, we have now to consider 



how we are to meet and how resist the Bmaahing force of such 
powerful urduatice as was levelled against the Warrior target. 

During the whole of the experiments at Shoeburyuess I have 
most intently watched the effects of shot on iron plates. Every 
description of form and quality of iron has been tried, and the 
results are still far from satisfactory; and this is the more 
apparent since the introduction of the large 300-poun(ler, just at 
a time when our previous experiments were fairly on the balance 
with the 40, 68, 100, and 126 pounders. They now appear 
worthless, and nolhiug is left but to begin our labours again 
de novo. 

It has been a question of groat importance, after having deter- 
mined tlie law of resistance and the requisite quality of the irou 
to be used as armour-plates, how these plates should be supported 
and attached to the sides of the ship. Great diti'ereuce of opinion 
continues to exist on this subject, — some are for entirely dis- 
pensing with woo<l; jirobably the greater number contend for a 
wood backing, the same aa the Warrior and the Black Prince. 
I confess myself in the minority on this question; and, judging 
from the experiments, 1 am inclined to believe from }»\st experi- 
ence that wood combined with irou is inferior to iron and iron in 
its power of resistance to shot; and I am fully persuaded that 
ultimately the iron armour-plates must be finnly attached to the 
side, technically called the skin, of the ship. It must, moreover, 
form part of tlve ship itself, and be so arranged and jointed as to 
give security and stability to the structure. 

The experiments instituted by the Committee on Iron Plates 
have been well considered and carefully conducted; they com- 
menced with a scries of jilates selected from different makers, of 
varying ihickoeasea, and these have been tested both as regards 
<juality and their jjowers of reaistiince to shot. They have, more- 
over, been placed at different angles and in a variety of positions; 
and we had just arrived at the desired point of security when the 
thundering 300-pounder smuolh-bore upset our calculations, aod 
levelled the whole fabric with the ground. We are however not 
yet defeated; and true to the national character we shall, like the 
knights of old, resist to the last — 

" And UioBfh our legii we noltten <4f. 
Yft'U light apcn unr stum|i>." 

And thus it will be with the Iron Committee and the Armatroug 
and the Whitworth guns. 

In oonclusiun, allow me to direct attention to a drawiug of the 
Warrior target with wood backing, and its compeer entirely of 
iron. The tiret underwent a severe battering previous to the 
attack from the 300-pouoder, but the other sustained still greater 
with less injury to the plates, notwithstanding the failure of the 
boita iu the first experiment. It must however be admitted that 
plates on wood backing have certain advantages in softening the 
blow, but this is done at the expense of the ]>late, which is much 
more deflected and driven into the wood, which from its oom- 
pressibility preseata a feeble support to the force of impact. 
Again, with wood intervening between the ship and the iron 
plates, it is impossible to unite them- with kingbolts so aa to 
impart additional strength to it; on the contrary, they bang as a 
dead weight on her sides, with a constant tendency to tear her to 
pieces. Now, with iron on iron we arrive at very different and 
superior results. In the latter, the armonr-plates if properly 
applied will constitute the strength and safely of the structure; 
and, notwithstanding the increased vibration arising from the 
force of impact of heavy shot, we are more secure in the invul- 
nerability of t)ie platen, aod the superior resistance which they 
present to the attack of the enemy's guns. In these remarks I 
must not however attempt to defend irou constructions where 
tbey are not defensible, and I am bound to state that in construc- 
tions exclusively of iron there is a source of danger which it is 
only fair to notice, and that is, that the result of two or more 
heavy shot or a well concentrated fire might not only j>enetrate 
the plates, but break the ribs of the ship. This occurred iu tlte 
last experiment on my own target, where a salvo of six guns 
concentrated four on one spot, not more than 14 inches diameter, 
went through tlie plates and carried away a part of the frame 
behind. The same effect might have taken place on the Warrior 
target; and certainly 9 inches of wood is of little value when 
assailed by a powerful battery of heavy ordnance and a well 
concentrated fire.* 

* since the above was written, another expertment haa been made on the Wa/rior 
tUTget with the .iOU-ponoder UDOoth-bote gun. From thi* It appenit that the wood 
baokidf between Uu urmoer-platw ssd Um akin o( lb» ihip CMiiiat aM^ be diapwwwt 
vitU vi<l that WHM axnpmiibla or mAw Mbitaiiee tbia ma and ins m wirwisry (o 
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In dosing these remarica, I have every confidence that the 
■kill and energy of this coantry wUI keep as in advance of all 
oompetiton, and that a few more yenra will exhibit to the world 
the iron navy of England, as of old with its wooden walla, uncon- 
querable on every aea. 



THE GENERAL ARRANGEMENT OF THE FRENCH 

CONTRIBUTIONS TO THE INTERNATIONA!. 

EXHIBITION 18C2. 

Tnr- Ruhjoined p»irticulars, which are condensed and translated 
from the otfioial account, published under the auperiuteudenoe of 
the Imperial Coniraisaiou, cannot well fail to be of interest when 
the comprehensive nature of the collection sent from France, and 
the mlniinble completeness of the arrangement for organising 
and ilisplayiug it, are borne in mind. 

French Industry, it is stated by the Imperial Commission, is 
by uo means completely represented in the Exhibition of 1862. 
Lack of room has frequently compelled the Commission to decline 
the offers of distinguished manufacturers, or to grant but an 
inadequate space to their productions. The number of appli- 
eatioPB for admission, and aoove all the extent of space applied 
for, has surpasses! all the preparations that could have been 
thought of at the time when the labours of the Commission began. 
The commercial treaty was referred to as likely to introduce great 
hesitation among the manufacturers, and a systematic refusjil to 
exhibit had even been advised by some. Contrary to these fears, 
and notwithstanding this advice, the French manufacturers have 
i-espouded in a body to the appeal of the Commission. 

Figures will convey the beat idea of this 2eal. The Imperial 
Oomniission fixed its general regulations on the 15th June, and 
by the ISth September had to deal with 6154 applicants in the 
departments of agricnltnre and industry, presented by the ad- 
mitting juries of France, and for whom a horizontal area of 
41,000 aciuare metres w.-wr demanded. This utilisable space 
oorretpouds to a total area of 120,iXX) square metres; while the 
entirs Palace of London, including picture galleries and refresh- 
ni«Dt courts, only contains an area of 108,000 metres. 

The horizontal area granted to France in three successive 
allotments by Her Majesty's Commissioners was 13,740 metres. 
With such large requisitions for space, and so limited an amount 
diapoaable, the Imperial Commission, with the assistance of the 
juries, was obliged rigorously to sift alike the exhibitors and pro- 
ducts admitted. The number of exhibitors ultimately admitted 
and supplied with space amounts for all classes of the French 
tUpartment to 4780 (reduced really to 46<j9 in consequence of the 
fact that 111 exhibit under distinct numbers in various classes). 
In addition to this number prodnctions from Algaria and the 
Frt'uoh (.'nloniea are exhibited by 826 exhibitors. 

To accckm]ili^h so much as this, and to do justice to 4669 appli- 
cations out of 8154, with one ninth of the space demanded by the 
applioauu available, the Commission was obliged to t&ke such 
mauares as seemed most suitable for employing the space allotted 
to Fnmoe. First, therefore, the passages and gangways were 
r«dao«d to a minimum, and then the formation of groups of 
•xhibiton was encouraged in every poaable way. The number 
of such groupa volontMilj oaiu«itut«d, exceeded those of any 
previous exhibition, and the Commission, believing it to be fo'r 
the interest of the exhibitors tb«iD«elv«« that such groups should 
be e«>nemlis«d as much as possible, has always requested all the 
exhibitors iudoded in one block to suite in the coostmction (at 
their joint expense) of tbe fittiogs neoeaaary for the exhibition of 
their j^kkIs. Loss of space and other inconveniences have been 
thus diminished, and it has become practicable to carry out with 
absolute certainty a prenarraoged plan, and consequently to know 
with absolute preeisiaa the amoanU of horixontal and vertical 
■pace available, while a harmony in ibe general arrangement, 
fonn, aud height of the fitting^ vac aeoored, micfa as eoold not 
exist in fiuings prepared withoirt anj Rgwd to their collective 
stfeot 
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The entire utilised area divided among 36 classes is 5498 square 
metres, while the area occupied by gangways amounts to 8£4i. 

The general principles of arrangement were, that in the groun 
floor galleries surrounding the central court aie placed substam 
used for food, the raw material of various manufactures, 
manufactured articles produced from inorganic materials. In t 
ground-floor gallery, under the picture gallery, the machinerj- n 
in motion, and specially agricultural machinery, is placed, llie 
remainder of the machines at rest aud all the machinery in 
motion are in the French section of the western annexe. In the 
first-tloor galleries are grouped manufactured goods made from 
organic materials, scientific object^ and objects connected with 
instruction; and lastly, iu the French court itself, the pasasgea 
leading to the nave, and the French portion of the nave, are 
collected those productions which have some affinity with works 
of art, — those which result from the industry called into being 
by fashion and art. 

In the French official catalogue full details are given, some of 
them of a nature never before attempted to be introduce<I intos 
catalogue. Attention ought especiully to be directed to the indi- 
cation attached to each exhibitor's name of the nature of tbe 
estiblislimeat in which the goods wei-e produced. These are 
distinguished as, Factory {ugin^j, meaning an establi.shaent where 
steam or water power is employed, and a large number of hands 
are engaged; Workshop {atelier}, meaning an estabiiiihuieut dii- 
tinct from the exhibitor's house, but working with no, or ven 
moderate "power," and ordinarily employing but few h-tu-lr. 
Private Manufacture {atelier dome*tique), a piu-t of the rasidenoe ui 
the exhibitor, aud in which the hands are limited to niembt-r! ii 
one family, apprentices excepted; Combined Manufacture {fabriqut 
collective), combination of establishments of either grade, uuder 
the general supervision of the exhibitors, and each doing a portioa 
of the work necessary for the production of the article. 

The indications thus marking the nature of the establisbmeal 
exhibit in a general way the nature of the organisation of var 
trades. For example, they demonstrate that in most industrial 
callings, and above all in those which are the most nearly allied 
to the fine arts, articles are produced for the most part by df 
workmen, labouring at their own homes, by the piece, for 
customers («n« clientele). The contrast which exists bet 
manners of artizans of this class, and those employed iu f:icturiea, 
is one of the most remarkable features of the industrial orgaoi- 
satiou of France; aud it was a matter of interest to give it promi- 
nence. The exhibitor is also required to state the pn.>porticrn 
which, in his opinion, the value of the goods manufactured by him 
per annum for exportation bears to the total annual value of his 
whole production; the date of the establishment of his manu- 
factory or atelier, and the medals or awards which he obtained io 
the exhibitions of 1851 and IS55, together with the ordinary 
description of the articles he exhibit^. 



FOREIGN ENGINEERING MODELS AT 
INTERNATIONAL EXHIBITION. 



THE 



The engineers of the Continent have shown themselvea ik( 
backward to enter the lists at Kensington; and it is both plee- 
aant and instructive to note their skill in a science, some of the 
most important branches of which owe their first rise ssd 
development to the veterans of our own country. France ooa- 
tributes a number of admirable mo«1els, designs, &&; and tb* 
French Minister of Commerce and Public Works (SI. Roab«r], 
has caused a volume to be prepared containing very lucid and 
full descriptions of the works thus represented. We caa 
only glance at a few of the more important or remarkable of 
these. 

Of the Cherbourg Breakwater a model is ezhibtte<t. * -'- 
of l-lCK)Oth of the actual dimensions, and the >! 
Marine has contributed a notice of the progress of 
taking from its oomnienoement in 1740 to its oompleti' 

This breakwater coat, for a length of 37t><;t metres, 67 u. 

franca, or 18,000 francs (about ^20) per metre forward, exdunte 
of the forts. The construction of the work in its piesent font 
is due to the design of M. Fouques Duparc, under whoee iratfia 
it was carried on from 1831 to its conclusion in 1853. Th« 
lowest portioa of the foundation (properly so called) is of by 
dranlic betoo, contained between two rows of granite blocka «s 
the two fiKcs, north and south. This is carried to lov-vsMr 
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ring-tides, from which level the work is carried up in masonry, 
with grtinite. Towards thu upeu sea, the foot of the wall 

protected by a hoge screen of blocks of stone, descending to 

metres below low water. But at the extremities of the work, 
where the most violent effects of storm were to be apprcheuded, 
ordinary blocks of atone were deemed insulficient, and recourse 
was bA<i to artificial blocks uf 20 cubic metres iu bulk, composed 
of gneiss or sandstone rubble, iu F^ortland cement, mixed with 
~ 'edina cement to ensure more rapid set. These blocks, of which 

e earliest were placed iu 1846, hare generally speaking suocesa- 
y withstood the chemical action of the sea water up to the 

esent time. The action of beat upon the granite facing, and 

ore eapecially on the parapet, for the lengths of the two branches 
jnearly l3lK) metres, and nearly 2000 metres, respectively) is very 
marked in its eU'ects iu summer, the transverse joints alternately 
opening and elosiug. No sitting up of the roadstead appears to 
have followed the oonstructiou of the breakwater, although in 
storms thei-e is some de[)osit of fine sand and gravel on the 
eastern bauk of the harbour. 

The L:ittice -girder Bridge over the Rhine at Kehl, connecting 
France wiiU the Grund Duchy of Biuleu, was constructed under 
the joint su peri u tend euce of French aud German ecgiueers. A 
model of a caisiiou for the foundaliuu to a sciile 1-lOlh full size, 
and models of one pier in course of construction, and completed, 
each l-25th full size, are exhibited. The foundations were 
sank by a modidcation of the method of compressed air, kuown 
in France as the system of M. Triger, from the circumstance of 
its having been invented by that gentleman, and employed in 
sinking shafts through wet strata. In England it is better 
kuown as Hughes's pueumatic process, our cyuntryniau haviug 
been the first to show the application of the principle to tlte for- 
mation of bridge fnuwiatious under water, by means of cylinder 
piles or caissons. According to the methotl usually followed, the 
oomuuuication between the caisson and the surface is maint^iined 
by a single shaft, which is surmounted by an air-cage or air-lock, 
umished with the necessary valve doors and air cocks, and con- 
ing the winch for raising the material excavated below, This 
is thus conmiouly of considerable size, and as it has to be 

pt charged with air to a pressure sufficient to exclude the 

iter from the caisson in which the men have to work, much 
pumping is required. After water has been readmitted into the 
cylinder, for the purpose of loosening the earth belov, or on 
occasion ofadding a fresh length to the air shaft, considerable time 
li couflutued in pumping in the air before the water is again 
lowered so as to enable the excavators to return to their work. 

In the fuumlatious of the Kehl Bridge, the caisson was fur- 
nished with two plaltj iron cylinders of moderate diameter, which 
were alternately employed as air shafts. One cylinder having 
been leii)i;theued while the other was in use, no further delay was 
necessary than that required for transferring the air cage from 
the one to the other, aud making the joint air-tight, and a lower 
ralve was placed in each cylinder as a special provision for the 
chaog& Between the two air shafts, and opening into the centre 
of the caisson, was a large working shaft, in whicli the water 
I W M permitted to rise to its natural level, and through which the 
^^^KCavate<i material was raised by a dredging apparatus. 
^^B^In the foundations first put in (those of th? pier nearest the 
^^^rrench bank) the working shafts were cylindrical and of iron 
^Hmlate; but as serious hindrance was found to ai'iae from the 
buckets catching against the sides, bo as even occasionally to 
briiak the chains, these shafts were afterwards made of elliptical 
section, and cxirried up as wells iu the concrete and masonry 

E laced on the tops of the caissons, the interior being lined with 
rickwork on edge rendered with Roman cement, and the iron 
plates being dispensed with. The masonry as it was carried up 
was kept clear of the plates of the air shafts, so as to allow of 
their being drawn up on the completion of the sinking of each 
caisson, aud UJied over again. 

In forming the foundations of the first pier, a kind of coffer- 
dam appears to have been constructed on the top of each caisson 
as it deeoeuded, but in the other piers this plan was abandoned, 
the masonry being at once placed on the tops of the caissons, 
(It should be noticed tli.it thesa were convex, and strengthened 
underneath by lougitudinal and transverse girders.) The follow- 
ing is a statement of the time occupied in sinking the caissons 
for the abutments and the two river piers respectively. 

Abutment on the French buik; — 

IT 



Abutment on the Btwieii bonk: — 

81 working dA>t> of 11 hours: rate of sinking per hour, 00470 metre. 
River pier, French side: — 

25 working days of 10-66 boun: rate of aiokliig per hour, 0-0760 met. 
River pier, Baden side: — 

24 working days of 11 -OS bom*: nie of sinkiiig per hour, 00750 met. 

The increased facility in sinking the last foundations as com- 
pared with the first (which will be observed from the preceding 
figures to be Jiear/y aj> 4 to 1), resulted solely from the modifica- 
tions made in the original arniugeuietit as the work proceeded. 
These modifications are stated to have been the following: — Con- 
necting the adjacent caissons firmly together; — iJispensiug with 
timber coffer dams, and execating the foundation in one entire 
block of masonry above the top of the caissons; — Preserving the 
working shaft (or " water shaft ") at the centre of each caisson, 
making it oval instead of circular, and lining it with brick on 
edge rendered with Boman cement; — Lining iu the same manner 
the walls inclosing the iron air-shafts; — Filling in as expeditiously 
as possible, between the stiffening ribs of the roof and walls iu 
the interior of each caisson, with masonry in the form of u vault; — 
Providing a pair of screw jacks to each corner of each caisson, 
taking their bearing from suitable timbering in the upper plat- 
form of the scaffold, aud serving, first to lower the caissons to 
tlieir exact place iu the bed of the river, and afterwards .is guides 
to keep them in their true position as the work of sinking 
through the gravel went on; — Lastly, employing vertical dredging 
appai-atus worked by steani in each water-shaft. 

A model l-20th the full size, and two drawings, are exhibited 
of the Iron Bridge over the Garonne'at Bordeaux, connecting the 
Orleans and Southern lines of ILiilway. 

This bridge is about 500 metres between the abutments, and 
conaiata of seven bays, of which the two extreme are 57-36 metre.**, 
and the five others 77-50 metres from centre to centre of piers. 
The superstructure cousista of two open wrought-iron girders 
636 metres deep, the top and bottom flanges connected by 
standards and cross bracing. The girders are connected with 
each other at the top by a system of cross bracing to steady 
them, and at the bottom by the transTerse girders which carry 
the platform and rails. 

Tlie ])iers are formed each of two cast-iron cylinders 8 metres 
apart from centre to centre, aud filled with betou. Each cylinder 
is 3-60 metres diameter, aud 004 metre (about 1/^ in.) thick- 
ness of metal, and built up iu 28 rings of about 1 metre high. 
The foundations of the abutments are of an ordinary character. 

The depth of the water, vai-yiug from 4 to 7 fathoms; the 
rapidity of the stream, which is from 6 to 10 feet a second; aud 
the existence of tides, which cause twice in the twenty-four hours 
a rise of 6 metres (nearly 20 feet), form the peculiar difficulties of 
the case, in order to meet which recourse was had to the tubular 
foundations. 

In sinking the tubes in the bed of the river the system of com- 
pressed air was employed, with the following speciul modifica- 
tions, which it mast be observed were introduced during the 
progress of the work. 

1. The air-lock was formed within the cylinder itseU^ and thmi 
its position could readily be shifted as the sinking proceeded, for 
which it was only neetUul to unfix the plates forming the doors 
of entrance aud exit, and refix them higher up,,boltiiig them to 
the rings comptising the cylinder, which were provided with 
internal fillets or flanges. 

2. Hydraulic presses were used for applying weight to the 
tube, so as to drive it down with a force frequently exceeding 
200 tons. 

3. The stuff excavated was raised by means of power communi- 
cated from a steam engine. This arrangement involved the 
difficulty uf transmitting a power generated iu the open aii to 
apptiratus confined in compressed air. Accordingly a abaft was 
employed, working through a stuffing-box, the driving belt being 
lengthened or shortened as the case repaired. The shaft worked 
a windlass within the cylinder, the necessary means of throwing 
it out of gear being provided. 

By these arrangements it was found practicable to sink a 
length of 2'65 metres of cylinder in the twenty-four hours. 

It is very instructive to find that the increased rapidity in 
sinking secured by the gradual introduction of the modificatioos 
above enumerated was extremely marked; and this, ootwitb- 
standing the fact of the cylinders last driven being the deepest 
sunk. Thus, the second cylinder in the second pier was sunk at 
an average rate of 0'?^ metres per day, the time occupied being 
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10 dayi^ And the depth in the river bed 7*90 metrea, giving 
78,168 cubic metres of excavation. Whereaa the first cylinder in 
the sixth pier was suuk in 9^ actual working days; so that, 
although the total depth sunk waa 17*03 uetrea, aud the excava- 
tion 166,859 cubic metres, the number of daya occupied was 
Bomewhat leas than in the former case, while the depth sunk 
was more than double. We give the tigurea from the French 
official notices already referred to. 

The superatructiire was erected by means of a tempomry bridge 
fixed first across on© half the atreara, and then across the other 
half, so as to keep a width of 250 metrea always free for 
navigation. 

The proof was severe: — 8000 kilogrammes per running metre 
(or nearly 2i tons per foot forwai-d), first on one road, then on the 
other, and lastly on both roads at once, leaving the testing load 
8 hoars oo the bridge. Under these weights the elasticity of the 

S'rders was iu no degree impaired, and the deflection while the 
bd remained on the bridge was 0017 metre (about ^ inch) for 
the extreme bays of 5736 metres span, aud O0-2-2 metre (not quite 
1 inch) for the intermediate b.iy3, of which the clear spaa waa 
77"06 metres. 

The bridge was also tested by running trains over both roads 
at various speeds and iu both directions, and the deflections under 
this proof varied from 0015 metre to 0-022 metre. 

The Viaduct at Fribourg carrying the railway from Lan8.tnne 
to Fribourg and the Bernese frontier, across the v.%lley of the 
Sarine, is iJluatnited by a model l-25th the real size, showing one 
bay complete, and another in coorse of coustnictiou. Its total 
length between the faces of the abutments is 328'B4 metres, and it 
rests on six piera placed at intervals of 4880 metres. The height 
from the level of rails to that of the water of the strejim at its 
lowest is 76 metres. Each pier is composed of an upper portion 
44 metres in height, of metal, aud a base of masonry foundeii on 
the 8oli<i earth. The highest pier nieasurea W metres in all finm 
foundation to level of rails. The portion iu metal consiste of a 
cast-iron base and top, aud 12 cast-iron columns fixed battering, 
tand well braced together. The section of the columns is that of 
a cylindrical nucleus cirrying four feathers, to which the ends 
of the bracing are attached. To facilitate the erection of the piera 
the 44 metres were sulxlivided into eleven heights of 4 metres, the 
junction of the colnmns being secured by means of flangea planed 
true and socket joints, and horizontal bracing being introduced 
at each of these 8t.ige«. The superstructure is composed of four 
wrought-iron trellis girders. Friction-rollers arc dispensed with, 
the flexibility of the iron piers being relied on for the play due 
to the changes of tem])eniture. 

Owing to the great height, it was decided that timber scaf- 
folding could not be relied on for the safe and accurate execu- 
tion of the work. It was therefore resolved first to construct 
the four girdere, and then to slide the whole forward on rollers 
until its end waa projected over the ba.se of the first pier. 
Powerful crabs, worked by about eight and twenty men, were 
fixed on the masonr}' of the abutment, working chnins and 
ipolleys, by meana of which the materials for the iron sujjer- 
■trocture of the pier (carried on a truck to the end of the bridge) 
was successively lowered until the whole was completeii. This 
process wjvs then repeated in the construction of the next pier, 
and so on until all were finished. The strength of the girders 
for the first and second bays was specially calcuLated to enable 
the bridge thus to act as a cantilever for a length equal to the 
first bay, besides which chain-bracing waa introduced between 
the second bay and the forward end of the first bay, to keep the 
deflection within as narrow limits as 'possible. To obviate the 
danger of the piers being deflected from the true perpendicular, 
by the bridge being rolled forwai\l over them, they were stayed 
from each other and from the abutment by iron cables, maintained 
in straight lines by beint; suspended by rods from little chains. 
The dr.'iwing the bri-lge forwaj-d from one pier to another (a dis- 
tance of 48*80 metres) required six men, working for six hours. 

A model of a Railway Bridge over the Rhine, near Meutz. is 
exhibited by Messrs. Klett and Co., of Nuremberg. In this, 
attention ia principally drawn to the superstructure, which is of 
wrought-iron, constructed on the system of M. Pauli by the above 
named Bavarian engineering firm. 

The entire viaduct ia 3375 feet long, and consists of fonr princi- 

I piil bays of 332 feet clear span each, at a skew of 27° from the 

f aquare, six bays of 11 feet, thi rti-en of 49 feet, two of 82 feet, and 

i seven of 49 feet. The model represents to a scale one-tenth fall 

nee, one of the four principal bays for a single line of railwaT, 



the piers being of sufficient width for a double line, which it 
intended ultimately to have. The roadway ia formed by t 
longitudinal trellis girders carrying the transverse ginlers^ whi 
again support longitudinal |)late girders (one under each rail 
upon which the transverse wooden sleepers are secured, Ea^ 
trellis girder derives its support from a deep wrought-iron tru: 
consisting of a plate bow and suspension chains, an arrangeme 
similar to that of the trusses for the Royal Albert Bridge ai 
Saltash, but diflfering from it in the quantity of diagonal bracing 
which is iutrodaced between the bow aud the chain, and in the 
bow being of double-lieade<l boiler plate section, instead of being 
in the form of a tube. In neither of these points do we find the 
construction an improvement upon Saltasb, for where the entire 
depth ia so considerable, aud the diagonal bracing necessarily of 
great length, we do not see that much reliance can be placed npo; 
an action which to be perfect must involve an alternation of com- 
pressive with tensile strains. We therefore regard this structu: 
as a mutually supporting combination of arch and chain, rathevj 
than a braced girder; aud, idtbougb doubtless an original idea as 
far as M. Pauli is concerned, the priority in fact would appear 
due to the late Mr. Brauel. 



(To be eontinued.) 
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On Heat in itt relationt to Water and Steam; embracing A'ew 

V^iewa on Vaporinathn, Condentation, and E^loHon*. By C. 

Wte Wjlma.M9, A.LC.E. Second Edition. Longman & Co. 

The fir.<«t edition of this original and nseful work was noticed 
at page 378 of the volume of this Journal for 1860; and also at 
pages 29 and 82 of the volume for 1861. A reference to those 
notices will show why we indorse the reasoning demonstrations 
and conclusions of Mr. Williams, notwithstanding the overthrow 
of the theories), empirical rules, and conclusions of oheniis' 
engineers, and philosophers of high standing. Mr. William 
with a few glass beakers and a Florence flask, has done more 
develop the laws of heat in their relations to water and si 
than all the previous co.«itly experiments of governments and 
individnnls. In science as in morals, when false doctrines are 
propounded and maintaineti by great intellects, it often happens 
that paralogy for a considerable time defies the powers of tmt* 
and sound reason. Mr. Williams, we imagine, cannot oomplaf 
on this score, since editions of his work are now being pre 
in the French, (Tcrmnn, and Italian languages by scientific men. 
The success of this work may in a great measure be attributed to 
the perspicuity of its language, the clearness of its demonstra- 
tions, and the systematic order of its arrangement. 

On Boiler Explosions Mr. Williams says — 

" Numerous instanoes have oocurred where explosiong of hoilar* 
taken plane on the steam engine being set to work after an interna] of 
rest. This circumstanoe has given riie to many vpeculations, and it 
certainly appears ouaooountable that the very act of Liberatin^r the steam, 
and thl:^ as it were, relieving the boiler of a portion of its pre 
should be followed by a practical aui^uentation of it. It is mai 
therefore, that therv must have l>e«n some direct, though hitherto nae: 
plained caune for roch inoreaaed prauure, wbon a diminislied one 
reasonably have been expected. It is olear, abo, that there uiuat lia 
been some rapid, aud even sudden action, which is irrecouuilable wil 
a gradual generation of eteam, and incrcMc of heat. 

In explanation of this anomalous augmentation of pressure, Bav( 
writers have assumed what they term a sudden ' flashing of the wal 
into steam.' This, however, is so wholly opposed to the effect whi^ 
characterises the gradual addition of heat, and Uie progresisive change ' 
the liquid to the vaporous state, as to be wholly inadmissable. It « 
imply some sudden action on the part of the water, as a body or mM s y 
apart from itn elL'rnent.%ry particles, and without any additional aoceaaicHI 
of heat. Besides, the sudden iloBking of water into steam, which maai 
the sudden conversion of Uquid into vapour, is opfKwed U> all known ide: 
of the nature of matter in the liquid state, aud that ahon)^ of oonditi'MI^ 
from attraction to repulsion among its porticleB which would be the 
necessary consequence of their becoming vaporous. 

Other writers are of npiaiuu that when, on the opening of the valre, Um 
steam is allowed to escape, aa undue o^tation of the water is produced, 
by which it ia dashed against the hotter iHirtii>n of the furnace plate, and ,>< 
more especially if any part hod been left uncovered by a neglect in th^^| 
8up[dy of feed water; assuming that a krgely increased quantity of^| 
steam, with a corresponding increase of pressure, would be the result. 

This theory is at onoe disposed of by the fact that exploaionB an 
equally attendant on an overcharge, as an undercharge of water, aul tkat 
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it Attributes result* on the Ut^Mt sctJe to companitively uuignificant 
majdiuum of effect from a minimiun of power. 
A (letidl of the supposed c&uites of the sudden production cif large qnan- 
__iea uf iteain, ami oniKquent explosioiiK, with nuiuei-uutt well selected 
caises, was gitron a year or two agu in a soriea of papers in the London 
Enginter. It i« unneoewary, therefore, here to do more than brieflr 
ium«rate the leading beadx undn- which those canses may be arranged, 
finit, 'electricity;' second, 'decomposed steam;' third, 'ovet^pres- 
ftturth, ' exphMions at ordinary pressure;' fifth, ' the momentum uf 
H<i atcAm and water.' This last is examined ip refcrenoe to a 
■UtiiiiH lit made in a letter from Mr. D. K. Clark, published in the 
Mtduiaiet Magazint, Feb. Mb, 1860. 

L«t us DOW consider this nbieot pmctically. In section 6, on EbuUi- 
aod 8, on the Presence of Steam in Water, it has been shown that 
as th« water has become saturated with steam, and tiie tempera- 
212°, or thereabouts, has been reached, an uniformity both ui 
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>perature and pressure begins to prevail, and cootiauas both above and 
boloiw the water level, indicating an unifonuitv in quantity of steam in 
both places. In other words, that each cubic inch of space in the boiler 
contamis the same quantity of steam. The auiexed figs, will suBBdently 
illustrate this. 

liet Fig. 1 he an open Tesael h&lf filled with water, having two thermo* 
metem sui>pend(^(l in it, the bolb of the one being below the water level, 
1 that of the other lilmve it. On heat being applied from beneath, 
vt«am will be g>^nt.Tate4l and become diffused through the water antil the 
lint of saturation and the temperature of 212°lu« been reached: the 
onieter above th« water, as presently will be shown, varying acoor- 
to circumstances, 
L<i>t Fiir. 2 repi-esont the vesiiel covered and steam-tight, and the heat 
' er upplied. In tbiit ctwe the chamber above the water line will be- 
'ome equally iLUud with steam, and both thermometers will then stand at 
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213°, as there marked, the dots reprosentiug the steam atoms below, as 
the stars do those abci%e, the water line. 

Let Fig. 3 repret^i-iit the same vessel under a further aftplication of heat, 
and when ui uccumilatiuu of ateam wiU oontinuoualy and uniformly take 
place both in ami .iliov<- the water, as there shown by tbe incroosfld and 
eoRtapondiug nunili<.T of dots and stars in both places. In this case 
thoB we have a continuing uniformity of quantity, temperature, and 
preanira — say at '2'2()'', or .-uiy higher degree, a* the heat may be applied. 

Let ua now pra<'tically t^t these three state* by the following experi- 
ments. In iUuiitr»tion nf Fig. 1, heat was applied under an open recsel 
half-filled with water, and having two thermometers in it, the one in the 
Water and the other one inch above it. The following was the result, 
bactiona of minutes or d>5i;r'jea of heat not being noted (See taUe): — 
\V» >"•«-■ ui'»» thjir f,-. ,.,) the moment the heat wao apphed then was an 
I ur escApe of steam from the water into the air 
.< . . oy tbe thenaomirtsr oa noted in column 2. 



Temprrkture la 
tbe w«t«r. 


Tea peratore Above 
Uiii wstsr. 


Time for evsry tan dogrMs 
oriempsiatw*. 


70- 


70' 






60 


75 


3 minute* 


(K> 


81 


a 


•f 


100 


87 


3 


tt 


110 


M 




«i 


120 


07 




n 


130 


lOS 




n 


140 


106 




»i 


150 


111 




»i 


mo 


lift 




II 


170 


1'20 




It 


180 


1'25 


2 


<i 


190 


131 


1 


II 


21)0 


137 


2 


II 


210 


H3 


2 


II 


212 


HO 







On the temperature reaching 212°, the state of the water and ifteftm 
in it may be taken as repre«eiitcd in Fig. 1, and as being at the point of 
inturotion. 

ThB next experiment, in illustration of Fig. 2, was nude in a iteam- 
tight vessel with two thermomcten, being half tilled with water. Tb« 
blowing w«ra ^ multa : — 
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Here the steam rising out of the water into tbe close chamber above it, 
with the consequent increoae uf temperature, followed close on that of the 
steam in the water. This was what might have been expected; tlte steam 
however, being generated in the water, and then passing into the space 
above it, most necessarily take the lead in quantity in the former. 
Nevertheless, its es<»pe is so rapid, that it is throughout but a few de- 
grees less in quantity than in the water itaelf. 

This experiment illustrates what ia represented in Fig. 2, the point* 
below and the stars above being equally numerous in both places, and 
indicating on nnifonnity of temperature when at the boiling point under 
atmospheric pressure. 

In both theee expenments we have on unquestionable refutation of tbe 
prevailini; theory of the steam beii^ only generated at tbe boiling point. 
Were tliat theory correct the temperature in the space above the water 
line could not have been affected, but which woa occasioned solely by the 
formation and eeciqie of the ateam, and which we see took place from the 
moment the heat was applied. 

The third experiment, in illuntration of Fig. 3, was a mere continootioD 
of thu heat, with a further increase of steam and temperature— both 
thermometen indicating a uuutiaued uniformity of quantity, temperature, 
and pressure. 

These experimunta are »o easily made, and withal so reliable, that it is 
a matter of surprise they have not been repeated or ctunmentetl on by 
writers before they commit themselves Xn the unexpbunalilc theories we 
find recorded. Now the thermometer, being so trustworthy a test both 
of temperature and pressure, furnishes a sufficient refutation of those 
here enumerated. No boiler, then, should bo used without having one 
inserted in it, so as to paos into the water, where it will lieoome a ou>r« 
reliable test than the ordinary mercurial pressure gauge. We have every- 
where table* of the comparative temperature, force, and pressure of 
steam ; yet, strange to say, wo find very little attention paid to them in 
practice." 

In support of bis views Mr. Williams next iatrodaoes one of 
his coDviDcing experiments, alremiy illustrated at page 85 of this 
Joamal (vol. for 1861). He then coutlnnes: — 

" We have here a miniature practical effect of what takes place in a 
boiler under similar circumstances, the violence of the action being 
increased in proportion as the area of the water space exceeds that 
above it. This experiment should not be made with distilled or filtered 
water, but with water containing its ordinary quantity of motes or 
foreign matter, that ebullition may take place. 

The necessary inference is, that the risk ol exploeiooa is greatly in- 
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bjr the increiue of watar in tfae hoSHtft, every cubic foot of which, 
beyond wh»t u absolutely neee w ry for the genentiou of «t«ftui, being iin 
■dditaonal souroe of dAnger, when there is wiy sudJeu liberation of the 
steam which it contains into the reduced opaoe above it. 

Now the determining the mere question aa to the relative value of a 
Urgv or email boiler for an engine of any given power, on the bcom of 
efficiency or economy, in of iteelf worth the whole laboor of the inquiry. 
Again, the determimng on sound intelligible {iniioiplea the comparative 
value of the araaa of (pace below and alxive the water line, ia a matter of 
great practical importance. Theee ar« pointa, however, which receive 
no attention from thoae to whom the oonatruction and details of builen 
are usually entruntetl. If even we asoend higher, and look to those at 
the head of the first engineering eataMishmcnts in the kingdom, we find 
the samu neglect of those chemical principles on which the perfect com- 
boHtion of the fnel absolutely •lopcnda. L<x>k for instance to the plan of 
the boUars uf the Great EJtatL-m, daiigned by the late Mr. Brunei. It is 
only neeesaaiy to say that we there find, on the one hand, the greatest 
and mo«t palpable violation of all natural and chemical laws, as regards 
efStcting couibustion and the generation of heat; and, on the other, the 
application of that beat in the generation of steam. The result \», not 
merely a large and waiiteful cxpen<lituro of fuel, but a aeriouB impedi- 
ment to tlit^ geueration of steam by the presence of soot, which linea the 
interior of tlie tubes. 

In confirmation of the existence of steam below the water line, it mar 
be asked how otherwise it otjuld be explained that the temperature, botn 
in the water and in the chamber above it, should be so iustautlv and 
simultaneously reduced ? That the temperature above tbu water should 
be rafudly lowered to that of 21 2° is at unce understood, as the reaiilt of 
the escape of the steam; but whnlly uuLntc-lligible, as re^.'ards the space 
lielow the water suifaoe, except on the suppoaiUon that that space con- 
tained Hteam aa well aa water. 

If the heat had been absorbed by the water still in the liquid state this 
sudden depreMion of the temperature could not poasibly have taken place. 
tt would be utterly opposed to all known uriuciples, aa regarda the truns- 
tnisaion of heat between bixlies, that eitoer solids or liquids could be 
instantaneouAly de{>rivod of their heat. The parting with beat by one 
liody, and ita being taken up by another, must be progressive, the one 
giving out heat i»ly aa th>^ oUkt can abaorb it. As well might we 
expect that one ton weight of ir«n or lead, at a high temperature, could 
|iart with its heat iwstantanwiuily to another, as that a ton of water, 
RupiioHvd to bo merely hetated. could inatantaueously [tart with ita heat, 
an<l bo rt-^luctd, wiy from 31'2° to 212°. 

The rapidity with which the thermometer immersed in the water indi- 
cates a corresponding depremion with that in the apace above it, ou^ht, 
iherefitre, to uonvinoe as that it was not the water as a liquid mass that 
oontained the heat, or acted on the thermometer, but the steam, each 
atom in ita escape b«m the water medium carrying away its own Iwat. 
In a word — that the cause of the indicated and simnltaneoug reduction of 
temperature was the same in both caaea, namely, the escape uf the steam 
which each cunt^uncd. 

Hteam may almtMt instantaneonaly be discharged from the wat^r, and 
the temperature aa instantly reduce<I to 'I'i'l", the aatumting point; 
whereas mere beat, supposing it had been absorbed by the water, could 
not pofwibly be so disposed ta. This single fact Bboul<) be conclusive on 
the subject." 

The work before us detects and defines many of the laws that 

i'overn heiit in itit relations to water and stcaiu; however, a per- 
eet knowledge of the philosophy of steam cauuot be Attained 
until more is discovered of the part performed by electricity in 
connection with it 

The whole chapter on boiler explosions is worthy of the most 
careful attention of steam engioetira, boiler makers, and all inte- 
rested in the application of steam as a motive power. Indeed, 
the world is largely indebted to Charles Wye Williams for hia 
original views, sound reasoning, backed by clear and accurate 
experiments, and condasive demonstrations. 



Iron Brmkvatera and Piers. By E. B. Webb, M, Inst. C.E. &c. 

London: Lock wood. 18R2, 
Mr. Webb has designed and pAte»te<i a breakwater, which he 
considers U> l>e free from the di^dvaittAges of either floating or 
solid structures, The following is an account of the considera- 
tions to wiiicb the inventor has had special regard, and the 
deecription of the arrangement by which the proposed end ia to 
Ih? atlnined. 

" Tbti objutfls *ought are obtained — 

Ixtly. An ti> iitnliility, by fijung the lireakwater to the bed of the sea. 

^uiU^-. A.S t<> prevtoition of silt, by allowing the tidal and other 
curreiiU t» paxs frmly through the breakwater. 

Srdly. As t» coxt, by using (by preference) cast-iron in ita cfaai^pest 
fitmi. 



D«Mripfum of the BrmtntaHr. 
This breakwater in itsfnmplest fonn it soppotted on osflt-irao oyUndrioiil 
piles, sunk into the groinul either by soivw^ or by the nroaesi adopted in 
the omstructiun of the Monoambe Bay Viadocta. The piles are filled 
internally, to above high-water nark, with concrete. To tbase mre fixed 
girders or beams of iron, pLkoed, as a oonvenient distance, at ten feet 
apart; but the distance can be varied m aoeordaDce with the locality. 
The girders have sockets, in which are fixed the ends of pipes funning 
that portion of the surface of the breakwater iriiieh rjsea above low-water 
marie. It vrill generally be found advaotageaus to piaoe this surface aA an 
inclination to the boriaoa. The pipes reaembk na or water mains, but 
they are of a simpler and cheaper coostruotion. Tlie ends of these pipea 
are saeutely fixed in the sockets of the girders by creosoted wooJen 
wedges; and these wedges, whilst keying up the estds of the pipes, relieve 
the giidaie from the efEeota which the blows of the waven, acting npon 
iron Bgwnst iron, might otherwise |woduoe. lite spaces between the pip — 
admit a certain portion of the waves to pass through, diminishing the force 
of the blows of the waves, and preventing any disturbance of the snrfaoe- 
water inside the harbour. A set of rimilar pipes ia fixeti vertically be- 
tween the piles in the front row to a depth varying, according to circum- 
stances, from six to twelve or more feet below low- water." 

Mr. Webb has given special attention to the durability of cast- 
iron in sea-water, and the subject is one of such importance that 
wo extract his observations; while not professing to show that 
all cast-iron may be trusted to withstand the deteriorating action 
of the soa, our author brings forward several instnoces io which 
its judicious employment has been proved by its remaining 
uninjured after many years' submersion. 

DurahilUy oj Catt Iron in Sea Wafer. 

Cast-iron in sea water is liable to two descriptians i>f deterioration — 
generally by the abeor^ttion of oxygen, and rtei^asiuually, with certain 
qualities of metal, by a softening of the outer surface. 

The oxydation of cast-iron in sea water does not proceed rapidly, even 
when its surface is onprotected and its quality that moat favourable for a 
union with oxygen. An idea of the rate of oxydation may be formed 
from the following statement by Mr. R. Mallet, (as the result at numeaous 
experiments,) that '* cast-iron freely exposed to the weather at Dublin, and 
to all its abnospberic precipitations, was corroded nearly as fast aa if 
in dear sea water, when the specimens in both esses were wholly un- 
protected." 

In iron breakwateie, the queaticn aa to durability will refer chiefly to 
the parts below low-water; for the protection of the superstructnre sgainst 
slow and unimportant oxydation may be readily insured. It baa beta 
stated, that the oxydation of iron surfaces oontinuaJly covered with water 
goes on more slowly than when the metal is exposed alternately to air and 
water. In addition to this circumstance, favourable to the easy proteetsao 
of ironwork standing in the sea, it will be found that in the majorfty of 
I<M:alities the sea itKlf provides, in the shape of molluska, an ctwwftent 
protection to the submerged portions. 

The softening of cast-iron is a process not clearly understood. Cast 
iron will soften in the cyUudem and pipes used in mines, as well as in pik> 
standing in sea water. After soft^ng under sea water it will at tnaea 
become hard again on exposure to the air. Cast-iron, howe^^er, is very 
for from being gencially liable to the process of softening. 

In oonsequence of the great variety in the quality of cast-iron, instances 
are not wanting which apparently supfjort directly opposite opinions. 
Cast-iron has been taken up after immersion in sea water, utterly decom- 
posed. In many such cases, it is luiown that the iron has been purp<isely 
cast of the softest metal, and in others it may fairly be presumed that suft 
metal has been employed. On the other hand, there are numerous in- 
stances of oast iron having remained perfectly sound and uninjured after 
ui immersiun for many yean in sea water. Frero very nnmerous 
examples of long inuneision without inj^iry, the writer will select a few 
which h« has personally examined. 

Dock Qntei, Shemiett. 

Thore are several pairs of oast iron dock gates at Her Majesty's dock- 
yard, Sheemesa. They were designed by the late Mr. liennie. The 
heel poats, mitre poets, and ribs, are of cast iron. The gntw are sheeted 
from top to bottom with cast iron pUtes, perfectly watrr-ti^ht. Three 
pairs of gate* have been exposed to the action of sea wnt<-r since 1821, 
and a fourth pair since 1827. 

The writer examined these gates in January of this year, 1802, and he 
fiiund that the framing and plates were in perfect condittnu From the 
(iiiekyard officials he learnt that no portion of tht.- caot in>ii hail ever been 
replaced, in consequence of deterioration of the metal, ami that no plate 
had given way, although there is a head of water equal to 26 feet at 
spring tides. Three p«r« of these gates have, tiierefore, reMMted the 
actinn of sea water, uninjured, for fuUy forty year*, and a fourth pair for 
thirty- five years. 

I'he wrtter observed, however, that the east-iron sector plates, against 
wh)<'b the gates shut, are soft«ne<l in pWeH to »ome little extent, but 
only where the iron is in contact with a mass uf lead, which Ium Iwym 
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OMd to form » water-tight joint; the galvftnic nctioa oreftted by tha oon- 
•■let of the two metali hAring, doiibtltMW, c»u«ed the sufteuiiig of the iron. 
At ChMUuun, the writer aaw a number of iron caati]ig9 which had been 
resnored thither from a doclc at Pembruke, where a caissun haa rephu^ 
tbe g>t«Wi After an imuiersioD in aea water at Pembruibe for nuuiy years 
tlieae eastiaga are found to be in «o perfect a state, that they will ahorti; 
be put in uk at the new entrance to No. 1 dock at Chatham, there again 
to be expoted to the action of sea water. 

Lovextoft Harbour {Batin Entramet). 
The Ute Sir W. Cubitb having witneaied the rapid destruction of 
timber in the «ea at Lowestoft, and being Batiafied as to the durability of 
oauft iron in lea water, determined upon ca«iug the entrance of the 
LA>we0toft basin with cost iron piles. The work was commenced in 1 832, 
under Mr. G«orgu Edwardfi. The writer examined these piles last year, 
Asad be found them uninjured, They are, for all practical purposes, as 
■oand and as perfect as when they were driven — upwards of twenty-eight 
ago. 

Southend Pier (Ejrtenaion). 
Mr. James Simpson < Psrt- President of the Institution of Civil 
i). in designing the extension of this pier, after careful cuusidara- 
the durability of cast ir m in sea water, selected that metal for his 
Tlie extension wan executed in 1844. In February, huit year, the 
examined the<M pileit; he found them in » most perfect state. 
are sauare, and the angles are ns ahiirp m when they left the 
Mr. Simpson specified the quality of the Iron from which these 
ntvre to be cast, becauiie he fuund, fruiu exaiuiii;tti<>n of t»|>«ciuiens of 
caet-iron which had been exposed to the action of 8«»- water, that the 
tlurability depended upon the quality. These piles, after having been ex- 
powd to Ma- water during seventeen yean, are perfectly uninjurad. 

Heme Bay Pitr. 
Ilie Pier at Heme Bay, nearly three quarters of a mile in length, was 
dengned by the late Mr. Telford. It was built of tiiuber in 1831. 
crtandnig for about seven years, the piles were generally so far de- 
by the worm, that it was decided to use cast irou, to a great 
it, in the re|>airs. Acconlingly, in lH3K, a great number of catit iron 
Muare piles were driven. Very recently the writer examined this pier. 
Be found the cast iron in a most perfect state. The angles of the piles 
'^rs<B sharp, and the surface as smooth and as sound as when the cast- 
inga left the foundir. The piles, aa ususl, are coTa«d with shell-fish, 
'«bloh keep the sur/aces moist during ebb tide. Not more than ouehalf 
of th/e wholt; ]iLli?» in the pier are of iron; those of wootl ore either out 
through by the worm, or are under that process of destruction. The 
tiniber piles have required constant repairs and renewals. Upon the cast- 
iron not a shilling has been expended. The pier in consequence of the 
deatruction of the timber, which is immersed in the sea, is in a most 
dangerous condition Hod Mr. Telfonl, in (lie first instance, selected cast 
irt*n for the pDes of his pier, the substructure would have been as sound 
to-day aa when pmtdown in 1331. With the exception of the cast iron 
piling, which has been under the action of sea water twenty-three years 
uninjured, this pier may now be tamied a ruin. 

Maryate Jetty. 

A jetty erected at Margate in 1831 rested on timber supports fitted into 
ovt umn piles. These piles did not stand snfiiciently high from the bed 
'A the (tea, and the lower portion of the timber, exposed to sea-water, waa 
datroyedby the worm. In 1853, nearly all of them were taken up and 
said for old metal at the price of pig iron; and in the same year, a new 
iron pier, resting on cast iron piles, was erected by Messre. J. 6. and E. 
Birch. A number of the old piles, after having been inuuented in the 
■eft>watcr for upwards of twenty years, were Is^ year to be seen on the 
pier at Margate. The writer has carefully exammed them; they are a« 
sound ac when thev left the foundry ; in no instance can any softening of 
the metal >)e detected. A still stronger proof, however, is to be found in 
■ome of the cast iron piles of the old jetty, which are still in tilu at the 
head of the present jetty. In these piles no deterioration whatever can 
he disoovered. The shell-fish with which they are covered form a perfect 
protection against oxydation. These piles have stood in the sea during 
thirty yean, and are perfectly uninjured. 

If, then, numerous and undoubted examples of cast iron do exist which 
have withstood the action of sea- water, without any deterioration, f'>r up- 
wards of a quarter of a centuiy, we nniM come to the conclusion, that 
where caat iron has been injured or decomposed in open sea water within 
a less period, the cause is to be found ohiMly in the quality of the iron 
not bemg suitable for the work in which it is place<l. Tlie jxiwer, there- 
fore, of various classes of cast iron to resist the action uf sea-water, will 
va^ according to quality. 

Tlie cast iron used by Mr. Murray in the dock gates of Sunderland 
may be cited in proof of the foregoing statement. After an inmieraiun 
for soroo years, the nillers under Ihe gates were found to have been acted 
upon by sea water, bnt other portions of cast-iron placed in the body of 
the gates remained uninjured. As the rollers had to be turned in the 
lathe, they were doubtless caat of soft nuiteriol, but the other portions of 
ca«t iron, not requiring tn bo cut by tools, were of harder metal. The 
formt-r gave way, but the latter remained perfect. 

The words "cast-iron" admit of almoM the nune latitude of significa- 



tion as the word " timber." Because we dare not use poplar on account 
of its liability to decay, it does not follow that no structures are to be 
erected of other qualities of wood. 

At a meeting of the Institution of Civil Engineers (Febmary 13, 1844), 
Mr. J. Siiii[)S(*n Ktat«d, that with good grey ciM»t-iron, having a good sur- 
face, little injurious effect from the sea-water was to Vie dreaded. He 
also stated tluit he was then about to use cast iron exteiutivoly for piles, 
and that he IumI examined cast iron piles which hod been in sea- water for 
sixteen years without any detrimental effect being produowl. 

It ajipears thaA the action of sea-water is powerful in the greatest 
degree when the iron is oompoeed of large crystals, and especially when 
tbwe is imgularity in the orvstalisation. It may be said uiat the softer 
the iron the greater is the liatrility to decomposition.* Between the Umits 
of extreme softness and decay on the one hand, and extreme hardnesa 
and durability, with brittleness, on the other, we have to make the selec- 
tion. It has "l>een statcdt that chilled caat iron corrodes faster than green 
sand castings, that all castings intended for use in Hca water should be 
cooled in the sand to insure unifonnity in the crystals and tliat Welsh 
iron is the best. From a careful investigation of the Bid>jeL't the WTit^r 
has arrived at the conclusiun, that a strong description of cast-iron may 
be employed, capable of enduring the action of sea water for an indefi- 
nite length of time. 

In cases where, frnm the use of an nnsuitable quality of irttn, or from 
contact with some other metal (such as lead or coppwrl, soft^'ning of the 
iron has taken place, it will generally be found that the glaAd akin pro- 
duced by the sand of the mould in the pmoeaa of casting, lUa been 
removerl by tools, accident, or wear. An iron breakwater can he erected 
without any removal of this protecting glazed skin ; no holea will be 
required to be borc<l, and no surfaces cut by titols. 

As an instance of the detrimental effect of placing another metal in 
contact with caat-ir«)n, it may be stated that the cast-iron pUtes affixed to 
ship's bottoms (acconling to the proposition of Sir H. Davy) for the 
protection of the copper sheathing, rapidly became softened." 
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Tlie above illastration exbibita a perspective view of the c«at- 
iron breakwater for localities where the rise nnd fall of tho tide is 
araall. Two rows of piles only are required, and the girders may 
be cast in whole luQjjthii. la the Ulustratioa the face-pipes are 
placed in one liue, whilst in some cases they are arranged Id a 
zigzag Hue, teuding more effectually to break up the waves. A 
conibiuation of fixed and winged feice-pipea is soioetiiues eniplove<l. 
The face-pipea are fixed in the girders bj lueaus of creusotcd 
wedges. 

* 1q BmimWs Manual of Chflmutrx, (vol. i.. p. 7S4, edition 184S,) the foUovUig 
remarks sra made vpoo csat-iroo: — " m hite cAiit-irun U very bard and wbcu broken of 
a radiated leiture. Adds act opoa It but slowl;, uul exhibit a trxtora coropowd of ■ 
oongoriea of plates, aggrc^ted to Tariooa posltioni. Qrrj or ooottlsd cast-iroo in Mtllft 
■ud Ion tarltUs; it mar lie bond aad toraad in the l«the. WImd insiarstd in diluu^ 
bjdrodilorlc acid It airarda a \ijm aoaotlt; of Uai-k. iiiiwlnble matter, wbicb Uauirll 
oonaiden as a triple oODipound cfcaroon, ino and nilicium, and viiirii b.>s "ontp tmy 
■toBolar properties. Hie taxtare of the laetal resemble bundlu of miiia>e BBrdles." 

In a paper iasi'ned In tb» ' JidiabonEli PbUoMipliii»i Journal' (vol. Tii., p. 301 1. Dr. 
McCnllocli rvaiKrkji tbul " the bliickpU pig-metal appears to Tidd the greatest quaalil} 
of blaclc-lBnil, uid in tb« most eolid •(>(«." 

The Mining Juunial, of Jannary lllh, I80S, nDdsrths bead d " Artificial Flainlaasn." 
stat«> thai. " tor toioe Uuie pMt, Dr. Cnue C«i««rl K.K.S., has be«u vnja^ed In 
experimenting apon the compoiition of a carboniferooa infaalanoe oxlsting u grey out 
inn, or, to nae a mors popalor deSnition, in producinff plumlnKO ftttm cAst-iraa. The 
eflbot of hie experiisoals has been tu arrive at resalts which throw luach light opon tit* 
dkesileal oompcslliaii of th« sabstaaoa, prDVing it to be cwu|M»ed of iron, carbon, oltio- 
lea. aad siUelsnL" 

t IClnulaa of Frooeedlngs, loaUtatioo of QsU Bsgilisww. vol. i., p. Tl (Bearioo IMO. j 
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ITie object had in view in the particular form of breakwater 
recommended in the pamphlet before us will be seen to be partly 
to resist the wave, and partly to absorb it, or rather break it up 
by letting fraf;ment« drop through as it mounts up the slope. 
Afifainst a solid breakwater the crest of the wave rises until its 
whole momenttun is exhausted. This will of course not be the 
cue with the preeent ffridiron construction, and Mr. Webb 
ai^es, from Niagara and waterfalls generally, that at a few feet 
■from the breakwater inside the harbour there would be no sqr- 
fjice motion. We incline to think this conclusion one which can 
be suitidfactorily established only by experiment, as the inter- 
cepted wave and the waterfall are not under exactly the same 
conditions. In the latter the fall of water is continuous instead 
of periodic, and the water, after plunging some depth below the 
surface, is carried off by a rapid current constantly in action. 

Another point adduced in favour of this breakwater is its pre- 
vention of the deposit of silt by allowing tidal and other currents 
to pass freely through. There can he little doubt that this 
circumstance would materially lessen the external silting up 
that would otherwise take place. At the same time, it must be 
observed that the breaitwater cannot tail to retard the upper part 
of auch currents more or less, and how far this might cause any 
deposit within the harbour would be a proper subject for inquiry. 
In positions where rapid currents exist, the question of scour at 
the bottom of the structure might also arise. 

Mr. Webb's pamphlet demands the careful attention of all who 
are interested in harbours or piers. The coat of his system of 
construction, as compared with stone, is exceedingly small. At 
the same time, it would be difficult to determine without actual 
trial how far it may be applicable under all circamstances and 
in all localities. 



The Church of St. John, Itlington. — ^The Roman Catholic 
Church of St. John, at Islington, which had been closed for 
decoration and repairs, was reopened on the 24th ult. It 
contains an important work in fresco by Mr. Armitage, who Lad 
already [minted a large and genuine fresco in one of the chapels, 
rppreaenting St Francis receiving the rules of his order from the 
Pop«», Mr. Armitage's new fresco curronnds the semicircular 
apse, anil represents the Twelve Apoallea cronped in pairs on 
either side a seated figure of Our Saviour in the act of benediction. 
The figures are on a diaper background of gold and purple. The 
figure of Christ if sUnding would be 1 1 feet high. The height of 
the Apostles is 8 feet, and the totJ length of the fresco 52 
feet. The work was begun on the Ifiih of Jnly, 1861, and 
finished at the end of June 1862, with five months' intermission 
during the winter. Mr. Arraitage has clothed his Apostles 
uniformly in a long white undergarment, with a yellowish outer 
robe. The richness of colour which the draperies do not supply 
is got from the frescoed diaper against which they are ranged. 
They hold their attributes, or the instruments of their martyrdom. 
John antl James (the greater) stand next to the Savioui-'s left, the 
former with the roll and pen of the Apocalypse, the other resting 
on the swoitl. Behind these stand Philip and James (the less), 
with the fuller's club with which he was beaten to death, and next 
to them Simon Zelotea, with eyes upturnetl and hands clasped in 
rapt devotion, and Thaiidena, with the arrows. Peter stands on 
the right hand of Christ, firmly grasping his keys. At his side 
stands Andrew, with his palm of martyrdom, Behind them 
Matthew grasps his volurao of the Gospel and the pen of the 
Evangelist ; while incredulous Thomas points allusively to his 
aide. Bartholomew, an aged man, bearing the knife with which 
he was flayed alive; and Matthias, with earnest, reverent face and 
clasped hands, complete the twelve. As fi-escoea, the figures of 
the Apostles have singular merit. The painter ia satisfied that 
his work will be durable, no lime having been allowed to enter 
into the colouring of the fieah, and the iutouaco itself having been 
use<l for the white of the draperies. The geneiul effect is nobte 
and devotional, and the style of the figures unusually large, noble, 
and manly. Mr. Armitage has designed the decoration of the 
rest of the apse, filling its upper compartment with the winged 
emblem of the Evangelists, and orimmenung the mouUings with 
patterns borrowed from authorities of the 9lh and 10th centuries. 
All who are interested in the question of the public employment 
of fresco in decorative painting should examine for themRelvea 
tliis important new example of the practice. Mr. Armitage's 
productions in St. John's deserve to rank in the first clasa of 
works of the kind in London. 
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ON A TIMBER GROW'N IN WESTERN AUSTRALIA, 

WHICH IS PROOF AGAINST THE WHITE ANT 

AND SEA WORM. 

Wb have been favoared by a conespondent with the following 
interesting notes respecting a timber found in Western Australia, 
which, after numerous and severe tests, has been ascertained to 
be by nature impervious to the attacks of the worm; and may be 
nsed in salt water with security. Specimens of the timber, with 
piles, &c. that have been actually in use in sea-water, and whera 
expo!»ed to white ant for many years, may be seen at the Inter^H 
national Exhibition, in the West Australian court (No. 26). Ta^| 
timber in (^uf^tion is commonly calletl " mahogany" in Western 
Australia, and it very much resembles that wood in appearance. 
The native name is " jarrab," and the l)ot»nical name of the tr 
" Eucalyptus. " It has properties which make it peculiar 
applicable for works in the tropics, or on the sea-coast — vi£^ 
that neither the while ant nor the sea worm will touch it, and 
that it suffers very little from exposure to the sun or atmosphere. 
It can be delivered in India or the Mauritius in picked logs, or 
in baulk (provided a quantity of not less than 200 loads ia pur- 
chn8e<l at one time), for less than 4». a cubic foot; and if arrange- 
ments were made for a larger quantity — say of not less than 400 
loads — it might be delivered for 3«. Gd. a foot, or less. The 
principal part of the timber trade of the colony of Western 
Au.stralia is at the Yasae, from whence extennive shipments have 
been made to the easteni colonies of Australia, Ceylon, and some 
of the Indian niilways. A quantity has also been supplied for 
Government works in the Mauritius. 

The timber grown on the hills, or at the foot of them, ia ver 
superior to that grown near the coast — at least, in those parts 
the latter where the soil is sandy — many of the trees from tbi 
latter locality being shaky at the centre, and generally less com- 
pact. To give some idea of the price of the timber in the colony, 
it may be stated that the average consumption at Freemantle for 
Government purposes was about 500 loads per annum; and that, 
in 18ii6, a contract was entered into for the supply of a quantity 
of timber at Freemantle for 57«. 6d. per load. A small advance 
was afterwanls made on this price, but since that time the trade 
has been extended antficiently to allow of the employment of 
machinery, and the construction of trams for the conveyance of 
the timber to the port of shipment, so that the prices are much 
re<iuced. In cutting up the sand-grown timber, a waste of about 
' 18 per cent, occurred. The loss in cutting up the logs from near 
tht) hills was not nearly so large as 18 per cent, as the oorea of 
these logs were in general sound. 

The chief expense incurred in obtaining this timber is the coi«t 
of transport to the place where it is to be used, and therefore the 
logs should be prepared so that as little waste as possible may 
arise when they come to be cut up for use. They should either 
be cut into baulks, which would he the most convenient form for 
shipment, and aflbrd the greatest security against unsound tim- 
ber passing survey, or they should be sawn square in the forest. 
It ia pn>bable that there wouM not be much difference in the 
price, because a contractor would get more out of a log by cutting- 
it into baulk than by sawing it square, and the extra timber 
obtained would pay for the extra labour iu sawing. If the tim- 
ber were brought in a quantity exceeiling 400 loads, it would be 
worth while for the captnina of the convict ships, about tliree oi~ 
which per annum leave Western Australia for Ceylon or India, 
seeking cargo, to take it in as cargo for India, &c., and it i» 
believed that in this case freight could be obtained for little 
over £l per ton. The charge for freight would probably not ex- 
ceed 24«. per ton, or 36*. a load, which wonld be about 8|d. per 
foot — say Qd, The engineer of the Columbo and Kandy Rail- 
road, in Ceylon, said, in 18.>8, that he could afford to give £7 ik 
load for timber fitted for piles, atringers, or sleepers; and sincp 
that time a considerable order has been given to parties in the 
colony, on account of this timber, so it is fair to presume that^ 
the price at Ceylon did not much exceed £7. The cost of tbes9 
sleepers at Madras has been 10«. each, which is about the same 
as that of the Indian wo<.>iU of the best class. It has been sup- 
plied to Adelaide, South Australia, and Melbourne, Victoria, 
in scantlings tit fur railway purposes, for less than the price 
above estimated. 

Captain Wray, Royal Engineers, savs "as regards its properties, 
I have used upwards of 3000 loads of it in buildings, jetties, and 
bridges, and I have examined timbers which have been exposed 
to the action of the white ant and nea-worm, in situations 
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t would have been destroyed if liable to destrnctiou from eitlier 
of these causes, aud I never saw any petielratinn deeper than 
tht Mp wood, though deal or otiier timber close bj was com- 
pletely eaten away. Thisindemuity from destructioD is geoerully 
attributed to ita contoiniDg large quantitiea of giim re^in. The 
ttrength and elasticity is about equal to Riga fir. This was ascer^ 
t«ined by a series oi experiments on beams, with a bearing of 
tweJi-e feet, conducted by Mr. Manning, Clerk of Workaat Fre- 
nuAtle. The weight of the timber makes it inapplicable to 
movable joiners' work, such tis doors or Haslies; but this ia tm- 
matarial, as the white ant, only working in the dark, will not 
attack these, unless a building is left UDoocupicd for a lengthened 
period. I know of no objection to it, except that it is somewhat 
alow to season, and if exposed before seasoned will fiy, and cast 
perbape rather more than other timbers. The plan lately 
adopted in Western Australia to season it was to leave the logs 
in the sea for a few weeks, and then dt:aw them up on the beacn, 
and cover them with a few inches of seaweed, taking care to 
prevent the sun getting at their ends. My experience Ted me to 
the conclusion that logs might lie in this way without injury for 
almost any length of time. Boards were cut 7 inches wide, and 
stacked so as to admit of a free circulation of air for five or 
six mouths before using." 

The Consulting Engineer of the Madras Railway says, " the 

"wood is well spoken of by our engineers." The trial has not as yet 

been long enough to enable the qualities of the wood to be 

thoroughly tested on the Madras railway, but the engineer says, 

1 January, " that those placed on the road in July are in good 

onditiou at this date, and form an efficient substitute for teak in 

jjirder briilgea," Some specimens from Western Australia now 

!n the International Exhibition, will supplement these remarks 

<n respect of proof of durability, both under sea water and in 

iitoations where it is liable to attack by the white ant, aa there 

ire exhibited logs that have been in use as piles, &c. &c., for 

[periods of from twenty to thirty years, without receiving the 

liUghtest injury. 



INSTITUTION OF CIVIL ENGINEERS. 

The Council of the Institution of Civil Engineers have awarded 
the following premiums for papers read during the Session 
1861-62:— 

1. A Telford Medal, the Manby Premium in books, and a Stephenson 

Prize of 25 guineas, to Charlm Augustus Hartley, If. Inst. C.E., 
far hia " Description of the Delta, and d the works recently exe- 
cuted at the Sulina Mouth of the Danube.'* 

2. A Telford Medal, and a MUler Priso of 15 guineas, to John Henry 
Muller (uf the Hague), for his paper " On RoclaJming Land from 
Seas and Estuaries." 

9. A T«l/ord Medal, and a Miller Priae of 15 guineas, to John Paton, 
M. Inst. C.E., for his paper " On the Sea Dykes of Sohleswig and 
Hobitein, and on Reclaiming Land from the Sea." 

4. A Telford Medal to James Aberneihy, M.Inst.C.E,, for hie " Descrip- 
tion and tlluatrations of the works at the Ports of Swansea, Sillotn, 
and Bl)-th." 

6. A Telford Medal, to John Bailer Denton. M. Inst. C J!., for his 
{i^wr "On the Dischaige from I'nderdrainage, aud its effect on the 
Arterial Channels and Outfalls of the Country." 

a. A Watt Medal, to Joseph D'Aguilar Samuda, M. Inst. C.E., for hia 
paper " On the Form and Materials for Irun-Plated Ships, and the 
Points re(}uiring attention in their Ckmstruction." 
A Council Premium of bonks, to James Brunloes, M.InBt.C.E., for 
Us paper on " Railway Accidents — their causes and means of pre- 
veation." 

A CouncU Premium of books, to Captain Douglas Galton, B. E., 
F.R.S., Assoc. Inst. C.E., for his paper on " Railway Aocidenta, 
showing the bearing which existing legislation has upon them." 
A Council Premium of books, to Henry Charles Fonle, M. Inst. C.E., 
for his jiaperoQ " The Malta and Alexandria Submarine Cable." 
A Council Premium of books, to Charles William Siemens, F.R.S., 
M. Inst. C.E., for his paper " <^ the Electrical Tests employed 
during the coiwtruotion of Malta and Alexandria Telegraph, and on 
Luulating and proteoting Submarine Cables." 
A Council Premi am of boolui, to James Atkinson Longridge, 
M. Inst. C.E., for his paper on "The Hooghly and the Mutla." 
A Council Premium of books, to James Oldham, M. Inst. C.E., for 
his pi^er " On Reclaiming Land from Seas and Estuaria." 



ST. JOHN'S ALTAR, CHURCH OF ST. FRANCIS ASSISSI, 

NOTTING HILL. 

(With an Engraving.) 

St. John's Altar, in the ciiapel of the Seven Dolors of Our 

Lady, oonaeoted with the church of Saint Francis of Assissi, 

Portland-road, Notting-hill, stands between two angle columns, 

and occupies one of the cants occasioned by the cha|3el bending 

[)artly round the apse, a necessity iu consei^uence of the irregu- 
arity of the site. The frontal of the altar is of alabaster, 
panelled by cusped arches, and with pediments over, incise ami 
marble and glass mosaics filling in the spaudrila; also incises of 
black cement decorate the sills, bases, and triangular pieces over 
caps. The first super-altar has a row of incised paterte with 
marble centres ninning the whole length, and returning round 
the sides; the second ia crenelated, the spaces between each 
crenelation being filled in with an incised decoration, with 
projecting spars in the centre of each flower. A molded cusped 
frame of alabaster filled with a picture forms the reredos. Ihie 
picture is the principal subject, it represents St. John giving 
Holy Communion to the Blessed Virgin. The diaper on the gold 
back-ground ia an arrangement of eagles with i n terra edi. ate stars. 
On the right of the Bleased Virgin is the crowned lily, anil on 
the left ot Saint John the palm. The nimbi are also symbolically 
decorated. The two pictures on gold background iu the fi-ontal 
represent Saint John and his type, Daniel; in the former the 
eagle and palm are introdaced, in the latter the lions. These 
paintings were executed by the well-known artist Mr. Weatlake, 
aud have been treated aa purely decorative, consequently kept 
fiat in colour, and are outlined with a strong black line. The 
altar, with jits carving and mosaics, was executed by Mr. Elarp, 
from the design and sketches of Mr. Bentley, architect, of 
Southampton-street. Strand, London, 



THE PRESERVATION OF STONE. 

In a former article on the Preservatioa of Stone we undertook 
to report from time to time any invention or process that might 
be introduced to etfeot this most desirable object, if based upon 
really scientific premises. We need hardly say how impossible 
it will be to come to any infallible conclusion as regards this 
matter, without the aid of time; yet we are fully capable of judg- 
ing how far that test of time is worthy of being applied. 

It will be fresh in the memory of most of our readers that in 
our second article on tliis subject, on analysing the then existing 
methods, we asserted the fact as unquestionably proved, that no 
existing process for the preservation of stone was worthy of 
adoption. The discussion at the Royal Institute of British 
Architects, though not so plainly ignoring all systems that ha^i 
been submitted to practical testa, went to show that the Institute 
was unwilling to indorse any system as worthy even of further 
trial, and was evidently glad to get rid of a responsibility that 
had been almost imperceptibly placed upon it. The importance 
of a preserving medium for our public buildings need not be orged, 
when it is known that so experienced a body as the Institute 
handed over the subject to a committee appointed by Government 
to investigate the whole matter, and discover whether a curative 
did really exist or not, That the investigation, carried forward 
in the most patient and ^lainstaking manner, resulted in the 
negative, wilt be recollected in a recapitulation of their decision 
aa recorded by the leading journal of the day: "That the only 
point placed beyond question ia the uou-exlstenoe of a remedy 
for the evil admitted." 

In the final clause in the report of the committee, they thus 
couusel our First Commissioner: — " In conclusion, the committee 
vauture to recommend that the architect of the Palace at West- 
minster, assisted by scientific chemists, should examine and 
record the actual state of the stonework of the building at the 
present moment; that experiments should be made by their 
direction, under various conditions of height, exposure, and 
aspect, with such preservative agents aud materials as the 
chemists may suggest from time to time; and that researches 
should be contiuued iuto the etfects of the various alkaline 
silicates, phosphates, and other substances which have been 
brought under the notice of the committee, or suggested in 
Germany, France, or elsewhere. That where decay arises from 
damp, means should be taken to protect the stone, as has V>eeu 
before suggested. That any stone extensively decayed should be 
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reruoved and replnwJ; but tliat in particular the earliest aymp- 
toma of decay shouli] be carefully watched and examined, with 
the view to the application of some immediate reiuedy. The 
committee believe that a very large portion of the stone iu 
the Palace of Westminster is of a very dnrable nature; and they 
entertnin a contident expectation that a remedy will soon be 
fonnd to arrettt or oontrol the decay when it haa unfortunately 
be^run to appear." 

What, then, has been done towards adopting this wise counsel? 
We are compelled to altirui, Utile or notliiug. Certainly, an 
excuse may be urged that important subjects have occupied the 
nttention of our First CommisaioJier, find that the all-engrossing 
International Exhibition has allowed inaoy imfMjrlant matters 
to slip into the shade; but now that the height of all this excite- 
ment has |«i.H8e<i, and lK?fore we Utse the season (ot such opera- 
tions — which will be virtually to lose the whole ye.ir — we would 
call the attention of onr First Commiasioner to the subject: as 
also the attention of those gentlemen whose psist labours render 
them fidly conversant with the subject, and able to judge of the 
fitness of recently discovered remedial measures. The desire to 
redeem our pledge in aiding, an far as we may be able, the re- 
searches of these gentlemen, and the development of any process 
basfd on true principles — such indeeti as have been so carefully 
laid down by them — has led to the insertion of this our third 
article on this subject. 

The first patent specified according to date (since the issue of 
the late Government Report), is that of James Cane Coombe and 
James Wright, and consists in the use of fluo-silicic acid; if 
however the stone to be operated upon contain no lime, magnesia, 
or other alkaline earth, this is previously incorporated with the 
stone by manipulation, and on the addition by brushing or other- 
wise of the fluo-silicic acid, the fluo-silicate of lime or magnesia 
is formed by the chemical action set up between the substances; 
indeed an effervescence takes place, the carbonic acid is displaced, 
and the more |>otent agent supposed to be left in its stead. A 
few words only will suflice to show the weak points of this pro- 
cess, la order to its effectual operation the acid must first dis- 
integrate the sun'ace of the stone; the theory is, that after this 
brerucing up of the old combination, a re-comli>iualir>n of materials 
is immediately formeiL We cannot really admit that practice at 
all favours this theory, A slow interchange of element might 
result iu a harrier and more enduring combination, but that such 
a disruption as that caused by the acid (the proof of which 
lies in the effervescence that takes place) can possibly lead to as 
rapid a concretion, is not borne out by theory, or the practicsd 
testa which we have applied ourselves or seen applied. Again, 
i| noting the words of the specitication, "whatever superfluous 
matter remains may be removed by brushing," thus indicating the 
cause from which the increased porosity of stone so treated arises; 
and in confirnmtiou of this we quote a question pat by Prof. Frank- 
land to one of the scientific men examined before the parlia- 
mentary committee on an analogous process, the use of a silico 
fluoride of aluminium, — " Do you think that this evolution of 
carbonic acid would not tend to render the stone more porous; 
that is to say, would not this evolution of carbonic acid tend to 
keep open the pores of the stone?" " Yes; in a measure I think 
it would." If all inventors and discoverers were thus alike 
candid in the explanation of the demerits as well as the merits 
of their favourite theory, the labour of critical investigation 
would then be spared. 

The next specitication in order of date is that of Mr. Joseph 
Briggs, and will call for little comment from us, the most extra- 
ordinary part of tlie specification being that it should be described 
as a coating for stone with anything like a claim to novelty of 
application, which exists iu as large a degree, we think, as does 
otility in the process. Pitch is liquetied in a cauldron, and to 
this is added litne, and lastly sand or clean grit. The stone to be 
operated upon requires to fee heated, and iu lieu of pitch — Ur, 
ttsphalte, dead oil, or any other similar material may be used. 
With this, the patentee's own description, we leave the process in 
the hands of our readere without further eommeut. 

Mr. Jesse Rust claims iu his specification the adoption and use 
of fluoride of silica with baryta or magnesia, also in sr.lution. 
This patent received provisional protection only, relinquished, as 
we suppose, because identical with two existing patents, and there- 
fore untenable except by litigation. We have already stated that 
other patenu will embo<ly the whole details of this.' 

The next specification is that of F. M. Ransome and E. L. 
BauBoine, which runs the gauntlet of the ambiguity of the patent 



law. The patent is one for the coating and preservation of stone, 
and also for securing to the patentee a novel configuration of 
filter-bed. With the latter wo have now nothing to do, and would 
dismiss it with the remark thatnumberles*! patents are invalidated 
when proved to be of commercial value by the want of due cai 
or prudence iu introducing subject matter of two different kind 
We i-etum, however, to the treatment of stone. The process 
this case is one that appears to us devoid of merit. "The object! 
being so to apply soluble silicate that it may for the most part be 
retained in combination with the pulverised substances on the 
surface of the stone, &c. to which it may be applied, and this 
is effected by the mixture of pulverised substances with it," The 
soluble silicate is then to be rendered insoluble by the chloride of 
calcium, au<l the surface of the stone is fonnd, so says the patentee, 
to be better preserved by the addition of this inert pulverised 
matter than when the silicate of soda and calcium alone are used, 
according to the former process of the same patentee, and which 
formed one of thenura'ier ignored by the parliamentary committee. 

Again ws find ourselves with Messrs. Coombe and Wright, 
who seem to have discovered in their researches the value of uiat 
extraordinary material, silicate of potash. The whole pith of 
their second patent lies in a few words, as given by themselves 
iu the preamble: " We propose also, in all caxes where the stone 
does not contain suflicient potash, to apply a solution of the same 
or ita salts previous to, or even after, using the fluo-silicic acid.'' 
Hence in the specification they propose to use silicate of potash 
with their former agent fluo-silicic acid. This specification cer- 
tainly leads to the same conclusion as the first, that acid, be it 
strong or weak, is certainly a most unadvisable element to intro- 
duce into the stone; and we cannot but award due acknow- 
ledgment to the tact that leads them to describe the destructive 
effect of the acid upon the stone as a means of dtansing the «ur- 
fact of the atone. The atldition of the silicate of potash may add 
to the value of the patent, but we much question whether it doea 
not considerably detract from its validity. 

We have now to consider two patents entered at the office on 
the same date, and, strange to say, the patentees employ the very 
same materials; the result of the treatment of these materiali 
liowevsr being as wide apart iu utility as the coincidence was 
strange that led both patentees to patent the use of the same 
bases on the same day. Mr. W. S. Leek thus describes his claims: 
" My invention consists in using a oombinatiou of silica and 
alumina, held together either mechanically or chemically; and in 
order to obtain a fluid matter suitable for application to atone, 
&a, I ns& gelatine with the aforesaid substances." Need we add 
more ? We think that hearing the word gelatine pronounced 
after silica and alumina is sufficient for most of our readers without 
further comment. 

The competing patentee of this date is Mr, F. 8. Barff; and aa 
we cannot now afford space to enter into details of this process, 
to do it the justice it demands we must notice it in our next 
number, merely stating here that it has received honourable 
mention from the jury, m Class 2, section A, of the International 
E.vhibition, and quoting a paragraph from our contemporary, 
' ' The Chemical News,' on the subject, adding that we quite 
coincide with the opinions expressed therein; and would recom- 
mend, to those interested in this subject, a consideration of the 
process, which we shall lay before our readers in our next. 

" In 471, Messrs. Bartlett & Co. exhibit soluble silicates, arti- 
ficial stones, and preparations illustrating their stone preserving 
process. The last is sufliciently interesting and novel to demand 
particular notice. All our readers know that, under ordinary 
circumstances, a solution of alumina and potash and a solution of 
silicate of potash when mixed together wonld give an immediate 
precipitate. Mr. Barff, however, has inaile the curious discovery 
that there are degrees in strength aud of alkalinity at which the 
mixed solutions give no immediate precipitate, but in time dry up 
to a solid, opaque, glas.sy mass, which is capable of resisting the 
action of hot and cold water, and also of hydrochloric and 
sulphuric acids. There seeraa to be formed, in fact, a sort of 
artiticial felspar, in which all the solid ingredients of the solu- 
tious unite. The method of applying snch a solution to a 
building is simple enough: it has only to be paid on like paint or 
an ordinary wash, and, heavy rain not interfering, it soon dries 
up, and coats the building with a solid, glassy covering, capable, 
no doubt, of resisting atmospheric influences for any number of 
years." 

The last patent to pass under review is that of Jean B. Ilulard 
and Louis G. Poupel, of which we cannot give oar readers a 
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better description than in the words of the 8pe<5i6cation, which 
run thus: — " This inventinn relates to an improved process for 
liardcntng stouf'R and piaster of Pari;:, and mtiking theni imper- 
■vioua to wet. The same consists in providing the said materials 
■with one or more successive coatinga of a liquid composition, 
Conned of the following ingredienta : — 

Arolrdupoi* lb. 







^ 
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"Slag from blast fumacea 

Bar« 

White lead 

Sulphate of alumina . . . 
Acetate of l«ad 
tiulphate of cine 
Silicate of soda or pola8]i 

KaoUn 

Liiueed oil 

Water 



dvt. 
I 

2 
U 
12 
14 
14 

9 

1 



this category we can only say that it savours of the one 
inraoronsly described by Mr. Tite, when the subject was 
under discussion at the Institute of British Architects; and, cou- 
sing that wo have not tried the conglomeration, we think it 
little more promisinjij than the Bantfuiuory composition just 
allnded to of bullocks' blood nud brickilual flavoureil with u little 
of the essence of milk. We had hoped such propositioua fur the 
porpoae iu view had an end. 



LAYING OUT RAILWAY CURVES. 

TO TBI BDITOIl Of mi CITIL IDSiaua AHO ASCRlrCCT'i JODSilAL. 



^H Sib, — In one of the late numbers of the Civil Enjjineer .ind 

^H Architect? Journal I observed that you gave Mr. I^ukine the 

^H creilit of being the 6rst to publish the method of laying out the 

^H curves of TAilways by the angles at the circumference. I have been 

^H under the impression that I w.is the first to put this method into 

^V a practical form; and ix» evidence that I was early in the field, I 

^H beg to aeud per book post a copy of a pamphlet which I published 

^" on the subject in the year 1847. I first began to lay out curves 

on that system iu the year 18-10; ami found it very advantageous 

when laying' oat the line of the Great Weatern Hallway through 

the Cbalford valley, along steep sidelong ground, in the year 

'^^ 1843. I am, &o. 

^H Carmarthen, July 1862. RoBT. Brodik, M.LC.E. 

[We have long been acquainted with the pamphlet referred to by 
our correspondent, and had a high opininDD nf its great pnictiad 
value. In our last volume (p. 27o, col. 1), we had occasion to make 
favourable reference to it. 

Mr. Bro(Jie'3 letter confirms our previous idea that the conce|>- 
tion of ranging by the angles at the circumference is original so 
far as he is concerned, the method having been practised by him 
in 1840, whereas Prof. Rankine's paper on the subject was not 
read until the year 184.3. The fact appears to be that this elegant 
and expeditious mode of setting out curves has l>oen arrived at 
Lndepeudeutly by more than one euj^riueer, and practised by those 
who diseovered it for a considerable time before it was written 
or read abtmt. Prof. I^Jinkine, in hi.-j ' Manual of Civil Engineering,' 
does not claim the credit of invention, but states that he first read 

^a paper on the subject iu 1 843. We believe Mr. Brodie's pamphlet 
M have done very much in making the method generally and 
practically known, and there are many to whom this system of 
ranging wiU always be associated with his name, — Eo.] 
all 



THE ROYAL ACADEAfY EXHIBITION. 

TO TBI IIItTUB or TDI CITII, IHGIXUB AKO AICBITKT'i JODUTAI.. 



Sir, — In a recent article iu your Journal ufuju the Royal 
Aca<iemy Exhibition, your reviewer has called attention to aa 
alleged resemblance l>etween the spire of Christ Church, Penton- 
ville (ab":>ut to be erected under my superintendence) and an 
admirable modern work which is named. In fairness to myself, 
will you have the goodness to afford roe an opportunity of deny- 
ing this. 1 cannot trace a resemblance, either in plan or eleva- 
tion; and in designing it I had no wish or intention to copy the 
works of others.— I am, &c, 

EooAR P. Bkock, 

»7. B<5<lf.irt1pl.v:e. W.C, July 15, 18«2. 




The Ea«lem Belgian Society. — This society is to liold it 
meeting iu the second fortnight of 1863. Domestic animali 
produce, and machines of all sorts are to he exhibited, and the 
display will be similar to that held at Luxemburg in the Boule- 
vard d'Avroi in 1852. jClGOO have been raised as contribution 
in the way of subsidy by the state, the province of Liege, and 
the chief town nf the latter. Useful is the late order issued by 
the Belgian minister of commerce; and, though they justly claim 
to be ranked nest to us in practical work, we can take a leaf out 
of tlieir book. The state telegraphic wires and attending staff 
are put at the gratuitous disposal of the public in case of alarm 
by fire. The railways are hound by law to ^ve free pass to fire- 
men and all materiel necessary for the extinction of conflagrations ; 
in cases of extreme emergency express trains are to be furnished 
when demanded. 

New Lunatic Atylumfor the City of iMudon. — On the 29th ult. 
the foundation stone of a pauper lunatic asylum for the City of 
London was laid at Stone, near Daitford. Tt is to accommodate 
250 patienu, and the estimated cost is i'50,000. The site consists 
of upwards of 30 acres in a commanding and healthy locality 
between Dartford and Greenhithe,and was purchased for /330i."t. 
The building will be erected from designs by Mr. Bunning, the 
City architect. Al\ the preparatory arrangements have been made 
under the direction of a special committee appointed by the court 
of Common Council. 

Cheniin de Fer du Centre. — According to the " Independance 
Beige," the returns of the Cherain-de-fer du Centre, are, May 1861, 
f 38,60803; May 1862, f. 37,«39 63, which figures prove that 
the ]>resent stagnation of railway traffic is not partial, in Europe 
at least. 

Ifte Memorial to the Prince Consort. — The Committee of the 
Prince Con.sort Memorial have just laid before the public an out- 
line of their new scheme, since the idea of a monolith obelisk was 
abandoneil. They have, with the aid of several architects, pre- 
pared A report, which, however, cannot be considered final, since 
it leaves much undetermined, but it defines the character of the 
projtosed monument, i>oiuts out a site, and recommends a limited 
and private competition in the selection of the design. The 
West corner of the strip between Rotten Row and the 
Kensington Road is the site proposed. It is about half way 
between the site of the Exhibition of 1851 and that of 1862. 
The proximity of this spot to the unoccupied frontage of the 
Commissioners' Estate north of the Horticultural Gardens, 
suggested the notion of combining the features of a group of 
statuary and an ornamental building, to be divided by the road, 
and in the same general effect. The result is a proposal to erect 
about opposite to the Coalbrookdale Gates "an architectural 
base for groups of sculpture," surmounted by a conspicuous 
statue of Prince Albert, and u()on the other side of the Kensing- 
ton-road, pjirullel to the conservatory of the Horticultural Societjra 
Gardens, a large hall for meetings connected with science and 
art. The arguments in favour of this arrangement are thus 
summed up by the Committee: — "By being placed in the park 
the roonumeui has a national character, while its position in rela- 
tion to the estate sufficiently indicates the conne.xiou which we 
had regarded as hu e»seuliai part of our general filan. Had the 
monument been placed on the south side of the Kensington-road, 
it would have l»ecn so near the hall aa to be overpowed by it^ 
while by l>eiiig wiiliiu the estate it would have k»st something of 
its public importance.*' . . . "The hall, besides its special use, 
would, with ita corrtsponding lateral approaches to the Horticul- 
tural Garden, cimslitute the principal front to the whole estate. 
It would also, on many accounts, be an essential accompaniment 
to the opjwsite monument, by completing the connexion between 
it and the inatituiious which now exist, or may hereafter bo 
establiiihed near it." The nine architects iinited to submit 
designs for the double memorial have been reminded that the 
amount of the available fund is an "important condition." The 
designs and estimates are to be sent in Viy the Ist of December 
next Mr. Tite and Mr. Smirke have declined the invitation to 
compete. 

The new Palais de Justice, Brussels. — ^Tbis ediiioe is to occupy 
about -Zh hectares, or 2i5,<KX> square metres. If, on aocoont of tne 
height of the building, the exceptional class of material and the 
architectural ornamentation be adopted, the cost is estimated at 
600 franca a square metre, or 200 francs more thun a private 
house. If the actual space occupied by the useful portion of the 
building, deducting c<juri yards and spaces not capable of orna- 
ment, the above price will be double. 
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The DrainngiTof tiie Fens. — A. movement has been made by 
aeveral of tlie principal landed proprietors interested in lauda in 
the npper districts drained by the Witham for an improvement 
in the oiitfnil. The scheme embriicea a thorough deepening of 
the River Witham 'from Barduey to Boston, and a new channel 
at the mouth of the haven. After a long Parliamentary litigation 
the Middle Level Drainage and Navigation Bill has passed the 
committees of both Houges to whom it was referred. The objects of 
the Bill were — tirst, to separate the Middle Level from the Bedford 
Level Corporation, and to take the funds of the corporation 
arising in the Middle Level and to apply them to Middle Level 
works only; secondly, to abolish the Nene Navigation Coramis- 
sion ; thirdly, to repeal the Barrier Banks Act ; fourthly, to 
amend the Middle Level Aots in matters of administration and 
detail; and fifthly, to amend the district Acts in the Middle 
Level so as to generalise their provisions and extend the powers 
of district commisionera to the making of roads and facilitating 
their dedication as pnblic highways. The decision come to by 
Parliament will in etfect make the Middle Level Cummissioners 
sole masters of their own affuirs in future. 

ne Madeleine, Parit. — " The Madeleine, although one of the 
modem churches of Paris," says the Steele, "is now undergoing 
extensive repairs. The flight of steps at the northern front has 
suffered so much from the tniiltratiun of the rain water that it ia 
found necessary to reconstruct it. The same operation was per- 
formed at the southern front socae years ago. Repairs of a still 
more serious character have also been found mdispensable. 
Owing to the settling of the foundations, a crack has recently 
made ita appearance in the princiiml front, extending from the 
lintel of the grand portal quite to the top of the inner pediment. 
As frequently happens with large buildings, the construction of 
this church was repeatedly interrupted, and its plana considerably 
modified. No leas than 78 years elapsed between the commence- 
ment of the edifice and ita completion." 



CLASSIPrED LIST OP PATENTS SEALED IN JULY. 1862. 



nT6 BroDoaa, K. A. — Uaoolkctare of cluroo«l-(ooni.)— December 81, IMl 
7S5 Todd, B.— Maao&ctare of •DtlDKNir— Mkrch IT 
SU Unwoiu, H. A. P. — TraatmeDt of ooproUtM — rcom.)— Fabrunr 10 

1W3 Jofajuon, J. IL— Mioobciore of aoda and potash and Uielr carboiimla>— tiaj 8 

III Ttrnmini, T.— CUUmUod o( prodnc ■ rafaltln; from muiaiactare of ga*--Jui. IS 
1S9 BoberU, T.. Dole, J.— Mooufucture o( ganpowdcr -JftaiMr; 18 

til Phlltipi, O. k Q. — DUtiiUliun aud rectiAcatioa of olcobolt or fpirtt* — JaDUTT 80 
lots MortoiM, O. D.— Browing— (coDU^April 10 

18 Fktriek, W. B. — iluiofitctnre of sugar —Jaooar]' 1 
4t WTUmd, D.— Piepariog coffee— Jaonaiy 9 

ti AnuMieU, J. W.— Trsatlng aDd dnttiag orei— (oom.)— Janwy 4 

IM Hartin, A. J.— Treatuieot of fuall oU—JaniuiT 11 

Its Iban, T. — OompoattidQ for prereatlng oildstioD of metalUe anrfkw Jan. IT 
14T NMMlMm, E C. -Dyeing colMirt, Itc— January 20 
ItSO Johmaa, J. H. — Uanolaciare of red Inad (oomj — Maj fl 

It DftTia, E. T,—Q»s burnen— January I 

IT Warner, A.— Uanabcture of ga«— January i 

ST Broomaa, K. \.— Mauofao are of gai and gu bumen — (omtL} — Jmawirf 19 
WO KromwdiwiHleT, H. H. —Gaa tneten— March 10 
WT Wefaaler, J.-0<afittlAga-rebniar7 4 

ITO FiaTsl, L— Method of (Mtiag tttbiag for leaJugei— Fcbmary 1 

IS9 Brooman, B. A.— Boadtweeplng machine*— (com.) — Jaiiaarjr U 

81 Eovden, J.— Steam engines and boilon — Janoarj 4 
1144 Amo*, 3. C. — '>team piimps- April 81 
1199 AUeo, J. F.— Valve gear-aprii U 
1140 /ohmoQ, J. H.— Stoan ganaratort— (eom.)— Hay 5 
W Soott. T.- Steam engines— Jaooarj 11 
9t Turker, J. — Sletun eoginet, bollun, &c.— Janoarj IS 
IIT Itowan, J. It. — Sloam hammen - Janoarjr IT 
288 Joy, D.— Steam hammei*— Febnuur 8 
W Beir, A. J.— Steam TalTea— Jaaoary ft 
ITS IliploT, 1.— FUtoD— JanuiY 13 

119 Moockioo, E. U. C— ObUialng motive power— January II 
1S8 Biniia, C.~4}enentlng ataam— Jamiary 21 
488 Naiimrtb, J.— Botary engines— Febrnary 19 
iM KippingoUo, E. A. — ^team mginea — Jaonmry SO 

88 Whiid, J.— l.ubrlcaton— Janoary 11 

81S Henry, ML— MoUre power — (eoouj— Febmazy 8 

44 Shaw, F.— Bailway brakes— Jannary T 
Tit Clark, W.— BaUway brakei-ieeiD.r— March It 

T8 Wigaell. M.— Carriage veotUatar-^annarT Id 
188 St«Ten4, J. J. — Ballway point indicator— January 18 
lis Jublio^. T. W. — U*<-of locomi>tWo« in ralnee — January 90 
498 Newuiu, W. K. — Julnle or dtalraof permaaoDt way ;oom]— -FebmaiT 14 

89 Siomeiu, C. W.— Telearapha -January 19 

t89 llarby. J. B.— Hathnd of pnMerrlug ekctrlc cables asd wirea- January 99 

U OooA, U.— Electrical dwpatub tubes— (aom,)—Jaaaary t 
n Bradahaw, W.— Watohea-Janoary 8 
t Walker, J.— OoMtractlon of furis, ftc— January 1 



89 Gilbert, T.— Swivels (or gwu— Jaauaty U 
32 Jeffrie*, O.— Breeoli loadi-ig Brearm Jaaaary 3 

1S92 Palmer, W. — BrvolvingflTBanoa— May 2T 
119 Dorouters, B. O.-iVutridfles-Jamary tO 

339 Nowton, W E.-PriRtingBaeliiiMM—rcoia; -January S9 

145 OeriMb, F. W.— Printing machines -January 28 

494 P^ridge, T. -Printing railway tiokeU-Fobroaiy 34 

1.S7 BawUns. J. H. — UanolJactara of paper — [aoa.J—Jaanary II 

235 Clark, W.— Uannioccare of paper - com.)— Janoary 19 

T6 Ooles, J.— WoaliiDg maRhines- January 10 
1113 Ford, W.J. — -'ewiDgmaGhioes— [com. i-Apri) 16 
'21S Cook, T.— Machinery for funding envelupas— February 1 

fe Beoemer, H.— ManalSKtare of naUeable iron Md ateol— J<iiiuarr 8 
Idll Davies, W.-Puddling fursaeea- April i 

146 bird. J.-CrankaxJe-JanoaryaO 
3S0 Cl»rk, W. - Wrench«»-(cum.)— January 80 
759 Warner, F.— Cocks or tap*— Uarch 18 

01 r^oar, T.— Knocken-January IS 
106 BooaSeld, 0. T.-i\ail> and iplkea room.)— Jaooaiy H 

180 Tow, W.-8tovas and flreplMW— January 18 
06 Wilson, D.— Hydraulic prmMS — Jannary 9 

SOS HameaoD, A.— Hydraulic presaei— Jannanr 88 

104 Boberts, I. —Hydraulic motivo engine*— Jaooary 33 

818 Bellhoose, £. T.— Hydrostatlo preaae* -February 6 

186 Looghnnt, J.— Chalna and eable*-^anuary 24 

291 BoiuUer, C. M.— Manolkatare of (traps, bands, and chains — February 4 

1T0 Cook, T.— PunohiAg maofalne— February 1 

SST8 Edward, A., Edward J.— Spinning machines— Deoomber St 

46 Biggina, J.— Spinning macbines— January 7 

44 Tatbani, J.— .Spinning machines— Jannary 7 

UHT Nowton, A. V.-Looins-'Com.)— April 28 

18T Dreyfjug, :<. — Spinnlug machine (com.) — January IS 

38T Newton, W. E. Hpinningmach>ne—;com.i— February S 

804 AabWDTth, H. — 8plnuiog machine — February 6 

800 Taybor, W. K— C'ardiua engiae*- February 6 

426 Combe, J.— Machinery for winding oops, and in Uie treatmeat of cop* for warpa ] 

and other purposes — Pebmar; 17 ' 

470 Ashton, W. — Hachinsry employed in the mannftctnre of bralda and similar 

articles — February 21 
119 Bricrly, J. II.— Clasp or fltitcner for rerertible belts, &e.— January IS 

189 Walton, W. k F.— Wire cards- January 81 

181 Efflmott, T.— Manufacture of velvet*— January 18 
ITS Owen, H.— Manubctnro of ilookings— January S3 

S8S Lawlon, J. F. A J.- M anu f a c tUTB of OaDoel -F«bmary IS 

90 Fell, W. A.— ilanufitetore of bobblna-^anu&ry 2 

ST9 Clark, W.— Kiiuufactara of Itetooaed edging— com. >—Febmarr 1 

808 Fayno. J. R.— Tr«alm<ait or preparation of bemp, flax, and other an&iocmss fibrrni* 

sulxtanees for spinning— February 6 
1008 Iawbqu, J.— Balliug ootton and thread— (com.)— AprU 8 

IT Oedgs, W. E.—daanlng grain -loom. 1— January 8 

Tl Cartor, J.— Draining plongfa- January 10 
736 Barford, W,—BoUei»— March :7 
1T2 Wallaoe, J.— Bisaping machines— Jannary IS 
160 Baigess, W. —Mowing maohioea Janoanr 11 
918 Newton, A. V.— Horse Idta- (com. -April I 
1T4 Bopes, W. H.— IbeUna far ooOm cleaning— («om.)— January 9S 
S09 Orr, W.— Maohinory br the mannliKtorB of sngar— January 2T 

Tt Johnaon, B. — Ooatiiig for ships —Jannary 10 
30( LUio— Coating for ships— January 27 
98T Newton. W. E.— Ships' pumps— (com.)— AprU 4 
1190 Heinlce, C. E.— Apparatus fur extlngniaUng Sm— April IS 
S68 Oedge, W. £.— Apparatus far extlogulsbJng flr« (eom.)— ICaitil ST 
898 Woodbenr, J. P.— Arming war vessels— Deoembor SI 
81T Newton, W. E.— Armour plat6e-(oom.) — March 13 
382 Hill, L.— Applying nrmour pUtiog to war-sliips- February 8 
146 I«iab A .— uft! bciats— January SO 

400 JohnaoQ, J. il.— Machinery for propelling ships and boMs (ooml - Fefaraary M 
1188 JobBson, J U. -Ap(Niratui4 for ijiking deiap sea soundings, and for rcoorUi&g the 
•peed of ships (com.)- April 23 

8)64 McUaffle, N'.— Ventilators— I>ecember 31 

8 Clark, T. C. -Heating apparatus— January 1 
1480 Blake, Q. -Heating apparatus— May IS 

It Bhoilws, B.— Manuautore of pipe*— January 1 
889 HuglMa, E. T. — Fanuioes for consaming smoks — (oom.) — March IS 
25 Strscey, O.— MaonCsctnre uf artiflciAl fuel -.lanuary 3 
90 Warlidi, F. C. -Manu&rture of artiflciol fuel January 18 
1 Ssorelmey, N. C. —Manufacture of IcAtber cloth— Jaooaiy 1 
141 Barbat, L. — Hannfaclnre of bats— January 20 
<44 Mcl^eod.- HalR-Mardi 10 
600 Wordrow, I.— Maoufaciure of bats-February 3$ 

870 Labllnj^ki, B ManniactDre of nmbrellAS— Mareh 38 

1848 Oolmorc. T. -Manufactare of hoots and shoes— May 8 

160 Pace, E.— Venetian blin is— Jaooarr 33 
1188 Newton, A. v.— .ilanulitclnre oT hollow giaas ware (com)- AprU 96 
390 Manwsring. O.— Flushing apparatus for closets, aawrn, and otfasr walnr t erviM -* 

Febraanr 4 • 

449 Loc, Q. Fl — Toanii<]nets— com. — February 10 
94 Broomau, B. A. - Vessels and casus — (com.) — January IS 
1016 Matb«r, C.—apittootut— April 9 

8 Brooman, B. A.— Manubcture of lace acioors- (eom.)— January 1 
184 Clark, W. — Mauofictura ofsirtiflcial flowers— !oam.} — January 14 
40 Betjomanu, G. dt O. U'., A J. — Dressing cases— Janiuu? 6 
U Heatii, A.— Inkstands— Jannary 8 
Xt( llnngin, J. C. F.— itassinet — January 35 
1411 Johnaon, J. H. Appamtos (ur cutting turf— May 8 
1606 BriddoU. E J.— ArtlSeial marble— May IT 
126 Cieland, «t'.-Rath-JanuHry 16 
13 Brown, F.— Kitchen ranges — January 6 
60 amitb, J., A We |j<taods— Kitchen raogo-^aoaarr 
48 WalUs, A., Haslsm, C— Botary screens— Jannary T 
166 Barlow, H. B. — ^pvod indicat n (com)— January 21 
S20 Cbondi, A. H.— Preserving itooe — Jannary 38 
S88 Hodmer, B.— Artificial st^me—Jaosary 18 
TW tloott, H. D.^Cement— March 16 



fap* i, iv>ij 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



263 



P 



THE ALBERT MEMORIAL. 

Tub nature of the proposed niouuiuent to the late Prince 
Coueort is a subject of great interest, not merely on account of 
the monument itstilf, but iilao on account of the general principles 
of art involved in the diticussion relatiog to it. The existing 
mouamenta erected in public sites in Loudon are so generally 
UDsatiflfactory, that the consideration of the design of the new 
monament is calculated to atiniulnte investigation of the causea 
of past failures. Unhappily for the state of art in England, we 
have been too long accustomed to view art as a thing not suscep- 
tible of Ingical iuvesttgation: the trit« 8;iyiijg, dt guttibtu non ett 
rtutfiutandum, has been adopted as an excuse for avoiding analysis 
of the intrinsic principles of taste, and with respect to it we have 
«ubmitte<l to merely dogmiitic teachiug. Of late years indeed this 
reproach has been to some extent removed, and several earnest 
writers have with more or less precision analysed the priucipleB 
upf>n which the excellence of architectural design depends, but 
thflt those principles are not yet completely established is abun- 
dantly evident from the vaguene^ of the controversy respecting 
the Albert Memorial. The oHicial papers relating to the Memo- 
rial avoid in a great meajiure discussion of those general 
questions which tniut be disposed of, either tacitly or expressly, 
before the design is adopted; or where general questions of taste 
are referred to in these papers, the language is not the firm and 
precise expression of incontrovertible profwsitious. 

We propose here to examiue s'tttiewh.'it in detail the more 
important of tlie papers just referred to. Since the abandonment 
«f the design of a monolithic obelixk, the course adopted by the 
Memorial CV)mmittee apfwiuted by the Queen appeal's to have 
been as follows. In May last the Committee invited seven 
architects collectively to give their opinion res[j«ctiug a suitable 
design for the memurial. In the letter of June 0th the architects 
reported their opinion to the Committee. On the 27th of Jane 
the Committee made a report to the Queen respecting the 
character and site of the memorial. This report was subsefjiieutly 
approved of in a letter addressed by the Queen's command to the 
Committee in July: and in the same month the Committee issued 
a letter to the architects above mentioned and two others, 
severally inviting ectch nf them to submit designs for the 
memorial. 

The earliest of these documents to which we need refer is the 
letter of the seven architects consulted by the Queen's Committee. 
The Committee, while leaving the architects free to present their 
own opinions, suggested that the Memorial to the Prince Consort 
should be erected m connection with an " Institution of Arts and 
Sciences," which the architects understood to refer to the South 
Kensington Museum and School of Art. 

The architects ^^e only a doubtful and conditional assent to 
this suggestion. They ask, " whether the nature and style of the 
memorial could be safely assumed before the pl.in and design of 
the building for the institution had been finally deterniiiiefl;" and 
think it would be more desirable to erect the memorial, not as a 
part of or in immediate connection with a very expensive e<litice 
not yet determined upon, but as an independent monument in 
Hyde Park." 

Their letter then proceeds to consider the suitability of the 
following kinds of monuments: — (1) an obelisk iu several stones, 
(S) a column, (.3) a Gothic cross, (4) a large group or groups nf 
sculpture, (a) a building; a statue of the Prince Consort being in 
any of these cases the most prominent object. The tirst of these 
structures they disapprove of becanae of its inferiority to a mono- 
lithic obelisk, and because its magnitude would render it more 
important and conspicuous than the Prince's statue. To the 
a«oond kind of structure they object, that a stutne on the summit 
•if a column is not in a favourable position for being seen. With 
r»|>ect to a Gothic cross the architects do not give an ezprefs 
opinion; bnt iu the part of their letter where, accorviing to the 
order of the paragraphs, such an opinion should occur, we have 
the following mysterious passage: — 

" The objections to an obelisk, a oolumn, or any erection of that descrip- 
tion, apply al^o to structures in say style of arohit«otore which would 
wnmr either of those forma.'* 

It is possible that our readers may succeed better than we 
have done in apprehending the meaning of this piassage. We 
hav9 several times thought we had caught the sense of it, but 
on a fresh perusal have abandoned our iuterpret-ition. A column 
is objectionable, we are told: so is an obelisk: so is any erection 
of tut description, whatever " that description*' may be. The 




same objections are said to apply alto to some other stnietarea 
but the puzzle of the seutence lies in this, that those other atnur 
tures, though obviuusly referred to as a distinct class, are de* 
scribed aa being " in any style," and " of those forma" already 
mentioned; so that it is hard to see why they are not included 
iu the class first spoken of. 

There is no reason beyond that just hinted at for sapposing 
that G<jtbic crosses are alluded to in the sentence quoted. They 
certainly have not the same forms as either obelisks or columns; 
it is possible however that they are regarded as having form* 
" of that description," though any classification of monuments 
which logically includes obelisks, coinmns, and crosses in the 
same class, is absolutely inconceivable. 

This is not merely verbal criticism; oar objection to the paa- 
sage quoted is uf a much graver kind. The passage either does 
or does not refer to Gothic crosses. According to the former 
supposition, the joint-authors have deliberately omitted to ex- 
press any opinion upon the merit of those structures; and we 
are driven to the conclusion that they were unable to agree upon 
au important point in which they confess that their opinion was 
nequired. According to the second supposition, they compart* 
crosses to obelisks and monameutal columns. That is to say, 
they discern a resemblance between Gothic crosses — which moat 
at least be allowed to display relined skill in their constructioo 
and reasonable prindplea, and great variety in their design — 
with obeliaks, almost the simplest of all structures, and only one 
degree removed from the unhewn monuments of uncivilised 
nukions; and monumental colnraus, which have been previously 
condemned for their absurdity, and are of simple and nearly 
invariable forms. 

With reference to the fourth in their Hat of monuments, a 
large group or groups of sculpture, the architects coDsolted ex- 
press an opinion tliat, " if in bronze this may be a group of 
statues without a building; or if iu marble with a building to 
protect them." 

We have already, in a former paper on this subject, stated our 
reasons for thinking that statues ought not to be erected in the 
open air without buildings to protect them. With respect to 
metal statues, we admit that the necessity of preserving them 
from decay by the protection of a buildiug is less imperative 
than with respect lo marble statues. But the aesthetic objec- 
tions to unprotected statues apply, whatever be their material. 
There is, in the first place, the incongruity — the indecency and 
disrespect, wo may almost say — of satf'ering the effigies of one 
"whom we iuteud to honour to be exposed to the violence of every 
storm. In the second place, it is a matter of raei-e observation 
that statuary of every kind is more distinctly seen, and more 
etfectivo in juxtapo.sition with a niche or other suitable struc- 
ture, than when viewed with no other background than the sky, 
or distant objects. The ineffectiveness of metropolitan monu- 
ments is mainly due to their isolation. Take, for instance, the 
Btatae of the Duke of Wellington, erected upon the arch near 
Apsley House; seui against the sky, little beyond the bare oat- 
line of the statue is distinguishable by a vision not unusually 
acute. The same remark applies, though somewhat less forcibly, 
to the statues in Trafalgar-square, and other squares in London. 
They look bare, isolated, and forlorn. They lack dignity, and 
would lack dignity whatever their intrinsic merits, because they 
appear to have been deemed unworthy of the pnitection of suit- 
able structures. To adopt an analogy by no means remote, 
a wholly uncovered statue resembles a picture without a frame. 
A valuable picture is placed iu a good frame, not merely for pro- 
tection — for that purpose the frame is often nearly useless — bat 
be>uiuse the eye demands that the boundaries of the picture 
ahonld be thus distinctly marked; and because the value attri- 
butetl to it is denoted by the ooetliuess and beauty of the frame. 

The Last and practically most impoilaut subject discasaed in 
the letter of the seven architects is " the question of some build- 
ing lo be erected with a view to general usefulness." On this 
subject the following observations are made : — 

" It appean to ua that by the generosity of the natiun, i^>art from the 
learned societies, soienoe sod art are providcU for in the British Muiieani, 
the museum in Jermyn-strect, and the Echools atSoath Keaniii^a. What 
teems to be wanted i« oome bimcIous hall and its Deoeasary adjuncts, as a 
place for general art meeting; or for such >aa«mblies mi are about to take 
place in London in oonnexiun with social Ktenoe and its kindred pureuits. 
We have nothing in London fur such au ubject like the ereat halla of 
Liviifpool, Leeds, and Manchester. If theae views are well founded, abd 
would be received with public or national favour, we »e« no raaaon why 
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tl, . ,,.. tduikI at the back of the H"'r' '•■"■■'-•' ■.•!»r<Jen8. jKiuih of the 
I' Kiati, aa au§g»4le<l by tlu! Q ' littec, ihould not lie 

A ■■•.>■ for such a building. Ai ' v (wid apart from 

gi.-iier«ii(|ueetion8 of expediency, upon wliicli tliere iiu\<htle«» exi«ita a great 
viic-iety of opiuiooii) nothing ooald be buiipier, in our opinion, thiiri to 
uoi'iipy the north Hide of the road with tlte Prince Cmmort Meiaorial, Mid 
th« other side with a grand central ball having npiiroaches to ths hall 
itwir, and ad at the present moment to llie Uorticultural-^jardena ; thujt 
f'flfi'luaUy gcrv<>nin(r from view the back of the ConMsrvatoty and the 
unsightly objectn ut jireacjit exiting." 

The plau iiere recotnmended of araociating the inoDumeDt with 
n **8|)»d«mj* hall" n|)peara not to have been originally projected 
liy the seven architects, but to h»ve been partially at least 
jiUggestetl to them by the Queen's (Jomraittee. The architects 
nllude to doubtn as to the ex|>edieucy of the project, but speuk 
i-oiificletitly as to its architeclunil merits. Our jud<rinent — ati«l, if 
we iiiisLike not, the judgment of the public — widely differs from 
that arrived at by the arohiu-ets ou the architectural question, 
and by ibe 'Queen's Committee on the questjou of expediency. 

With respect to the nrcliitectural queatioD> we cannot agree that 
"uolLiDg could be happier" than to make the mouunieut in fact 
ct^nsist of two dissimilar partK separated by a public road. Surely 
oue of the first i-equisitesof ;« monnnietit is unity. It is intended 
for a single pnrfKJse — tliat of au enduring memorial of the 
deceased prince, and thi.s unity of purpose obviously suggests 
unity of design. The "hall" is intendeil to be, in fact, one |}art 
if the memnriiil, .ind the inouunieut a\K>a the opposite side of 
KeusIiii|;ton-i'i)ad another; but how can these two parts, separated 
by a busy thorouglifjufl, appear to be a connecte<l whole 1 Tliey 
may appear so in the "sketch plan" which the architects annex 
lo their report, but certainly will not a)>penr so to au observer of 
the executed design. Tin? eye and iniiiginatinn of ordinary spec- 
tatora will not bo so coojplaceut as to ignore the intervening road 
with its busy traffic, and lo regard the two parts of the memorial 
iu» undivided. 

We have iu a previous paper dtate«1 our objections to utilitari.nn 
monuiuetits. A structure which assumes the double character of 
•A monument nnd a lueful building in an attempt to combine dis- 
eoidaiit elemenlM, The ruonument — quit mnuumeut — is not useful; 
aiu\ the useful part of the Mlructure is uot niouumental. The 
iliiicordauce of the monumental and utilitarian characteristics 
may be to eome cxlent evaded by a aepnmtion of the monument 
fr«>m tlie usedil buildinjr. But (hen tliis difficulty ariwH — the 
st-piiration is dentriiciive of the necessary unily of the memorial. 
Till* monument jiroper will l»e rej/ordetl by itself, &nd if it be 
• leficient in irmndeur and beauty, the eye «u<l judgment will 
retiise to eke out its deficiencies by reference to the adjacent 
luiiliiing. Moreover, thei-e is B<unething repugnant to gootl taste 
ill the eiideavi>ur in reronriJe the useful and the orntitneulal- — in 
the parsimonious ltbe(.<ilily uhicli professes tu honour tl-e dead, 
but iu reality seeks to serve the living. There remains the (|ue«- 
tioii of the utility of the proposed " s|^ciou9 hall and its necessary 
aiijiincts." Of tlie uses to which they are lo he applied we have 
iijAjiy aecoiuits, but none of them clwjr and precise. The seven 
architects refer to one of the uses of the structure " as a place fur 
^euei-nl art meetiiiff." The CApression "art meeting" is not 
I'nglish. But let tlint pass, with the single r.h6ervali('U that 
iiiftccunite language is generally a mark of inaccurate itleas. By 
"art meeliog" is prfeumahly intended a meetint,, for sinie pur- 
pf.»e8 relating to the nrtfe — m"t.t probably the fine arts. But 
what are those pnipo.<e8 ? Is the proposed hall to be n lecture- 
r»M.m where papers u|K*n the fine aits are to be read nnd dio- 
cussed { Surely there are plenty of such jdaces aheaily in Lonch>u. 
Or is the pi'0|ii»»ed hall lo be n sort of club-rfxim where those 
who are leji» uoil, or profess to be learned, in the fine arts ms}* 
aKw.tciate together — nsort of "house of call," in fact, for artistic 
genllenieQ ? Surely the cost of a stnicture for these strictly 
])rjv«te purpi»se8 ought not to be defrayed by a public sulmcrip- 
tiuij. Surely the money collectetl under (he influence of a geneious 
putdic imiiulse to liouour (lie I'rince Ci-nHoit and couM.de the 
(^ueen. ought not to l>e thus diverted to selfish objects. 

Ani>t!ier use of the "hall" to which the architects refer is a 
place for assemblies " in connexion wilh social science nnd its 
kindred pursutts." The answer lo the demand for such a place is, 
that such assemblies c:iii be held lu buildings already existing in 
more convenienv sitnuiions iu Txiudon. 

The Queen's Committee adojited somewhat different descrip- 
tions of the pur|Kises of the proposed hall. According to their 
i¥f)ort to the Que«u, Uie hall is required as "a central point of 



union where men of science and art could ro«et; where the resalt 
of their labours, with a view to the special purpoaess before 
indicated, could be conimuuicate<l and discussed, and where 
deputies from affiliated swieties throughout the United Kingdom 
couhl occasioually confer with the raetronolitau anthoritiea. Oh 
that the writers of oHicial papers could be compelled to write 
plain English ! If the "liall" is meant to be a club-room, why 
have not the Committee the courage to say so / Are they afraid 
that the public would Dot bo enthusiastic in providing for the 
comfort and enjoyment of the " men of science and art ?" Who 
are these "men"/ What is their claim on public generosity? 
What criterii>u is to be adopted in order to select, from the 
utimeroua pretentious class who would be willing to rank them- 
selves as " men of science aud art," the smaller number who are 
to enjoy the use of the proposed hall / 

These questions suggest serious objections to the projected 
institution. Another gi'eat objection is, that the tustitution is 
intended not to supply an existing and recognised want, but to 
supply a demand before it arises. Where are the "athliated 
societies throughout the I'uited Kingdom"? "Will it not be 
time enough to provide for tiieir deputies wheu the socieliee 
are constitute*!, and show a disposition to send deputies T 
Perhaps the societies will never be constituted. Perhaps the 
deputie.4 may never come to London, to confer with the persons 
modestly termed "metropolitan authorities." It is possible that 
the provincial "men of science and art" may have the same sense 
of their own importiuice that the metropolitan "men" will 
doubtless have, and may decline to be deputed to confer with 
them, and to acknowledge them as authorities. • 

But suppose nil these dithculties surmounted, what are the 
deputies and authorities to confer about ? There are ample 
means ulreftdy existing of publishing new discoveries in science 
aud art. The puh'icaCion of such discoveries is a matter ot 
national importance, aud one therefore to the furtherance «»f 
which, if neces.'^ary, public money might if with propriety be 
applied. But the private meetiugs of" men of science and art" 
— for purposes, probibly, closely connecte<l with colfee-driukiuj; 
and mutual laudation — are not matters of public concern. 

The Queen's Committee have, by a letter dated .Tnly Iflfi^, 
invited the seven architects and two others, to send in designs 
for the memorial on the north side of Keuaington-road, aud the 
propose<l buildings on the south side of the vmd. We are glatl 
to observe some expressions iu this letter from which it may be 
iuferro'l that the erection of the memorial is to precede that of 
the other proposed structure. The letter refers to "the fund 
which may be available for the coat of the memorial itself; for 
the pro(>obed straightening of the public roa<l; for the arrange- 
ment of the area in Ilyde-park, with its decorations; and if 
possible for the hall on the south side of the roail." The erection 
of the hall is thus spokeu of as an event contingent on the collec- 
tion of fuuds for the purjxise; and the funds already collected 
are, we apprcheud, to be applieil in the first ])lace to the erection 
of the monuTueut. This course ap]>ear8 to be imposed upon the 
committee by their oblij^ations with respect to the fund of which 
they are trustees. It wns subscribed for a monument to Prince 
Albert: not for a hall for the convenience of "men of scieaco 
and art." 
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THE INTERNATIONAL EXHIBITION, 1862. 
JtaUwai/ Plant and Appliances. 

TiiK thirty yearti and upwanis since railway communication 
has been establishetl have not been snfiicieut to determine which 
is the best tnrm for mils, nor the beat means of fixing them to 
the roadway, so as to make a level, firm, flat surface, over which 
the locomotive eiifrines and carriages may pjiss at high s|.>eeds, 
wilh t!ie least resistance, with the greatest SJifety, and with the 
smallest auKfUut of wear and tear. In the uncertainty that con- 
litiiiea ou thfi subject numerous inventions are brought forward, 
enc\\ of which professes to possess s[>ecial a<lvantage«, aad to 
ensure greater security, and at less cost than the plans generally 
ado|>leti. In the present International Exhibition, as in that of 
IWOI, there are numerous specimens of rails, chairs, rail fasten- 
ings, railway crossings, and switches, and there ore three examples 
of different m<Mlea of constructing the i)ermanpnt way, most of 
which ai« plac« d in an alley in the western annexe^ which few 
per»oi;s pass through, and at the back of the locomotive engine*. 

Comnueocing with the examples ol niilway constniction, it may 
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he obsen'ed that the original plan of layiug Jowu rails ou the 
•urfaee of the levelled roadway, by resting them on large rect- 
angular blocks of stone into which the chairs were fastened, haa 
been altogether abandoned, as the rigidity of the atone supports 
pmdneed vibration that whs not only disagreeable to passengers, 
bat was injurious to the rolling Htock, as it caused the fastenings 
to give way, and it was at the same time expensive. Wootlen 
tleepera embedded in balhist were afterwards substituted for llie 
itODe blocks, and though apparently not so substautial, they have 
been found to be practically mnch better adapted to the purpuse. 
The plans hitherto generally adopted have been to fix the rails 
into "chairs" fastened to the wooden sleepers longitudinally, !W 
ou the Great Western Kail way, or to place the sleepers trans- 
versely to the line, and to fasten the ch:itrs near to each end at 
exactly the «>atue distance apart. Either of those systems of con- 
tion a^lruita of a variety of form of raits and of the means of 

stening them, but in the railway exhibited by Mr. Seaton (12'J8) 
khe wooden sleepers and the rails are specially adapted to each 
Bther: he calls it the "j>atent safely saddle rail," and it is fixed on 
longitudinal sleepers of a pyramidal shape, the lower portion 

' the rail being furked like a saddle, which fits oa to the apex of 



of structure, improved drainage, a secure and level surfacie, and 
facility of executing repairs, combined with economy of construc- 
tion. Nothing but pi-actical experience can prove that this 
system pot»e.«8e8 tihese advautages, for it seems very questionable 
whether a ballast support alone would be sufficient uutil it wm 
well consolidated, and even then the rigidity of the bearing 
might occasion unpleasant if not injurious vibration. This kind 
of rail is laid down in the western annexe. In the same wood- 
cut are included ilhustratioDs of joint-chairs and cellular brackets, 
bolted longitudinally at each side of a dtiuble T rail, also ex- 
hibited by Mr. Corlett. 

Messrs. Edington and Sons, of Glasgow, exhibit specimens 
of iron-surface sleepers, with chairs cast in the same piece, 
which in the principle of their action seems to be a return 
to the original plan of fixing the rails to stone blocks. These 
sleepers have large circular hollow bases intended to be imbedded 
in the ballast, and there are niches in them for the reception of 
transverse iron bars that regulate the guage. As the chairs form 
part of the sleepers there is no difliculty about their fiisteniugs. 
This plan has been adopted oa the Egyptian, Indian, and other 
railways, and it is slated with considerable advaiitugc. There is a 
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c pyramid, and is fixed to it by bt)lt.s directly to the tiuil>er. 
e advautages claimed by the inventor for this nuidt; of con- 
structing the pertnaneut way are, that the rail is Riippnrted by a 
solid aud criulinuous bearing of timber, having a bearing surface 
•HI the halhost of seventeen inches in width; th;it the rail and 
sleeper are less liable to injury from wet, as the slopiug sides 
esent no surface on which water can rest ; that neither ohair-s, 
ys, spikes, or other sepanito pieces are required, the bolt* on each 
le keeping the rail [perfectly tight in its «eat; that it surpasses 
1 other systems in economy of construction ; and tlial, owing 
the absence of chairs or other fa-'^tenings likely Lo be broupjht 
to erintact with the flances of the wheels, and to the perfect 
le of joining of the r.iil-< by nn under saddle-plute, there is 
oh less liability to accidents. These are no doubt important 
n-<iderationR, snd Mr. Seaton's system of construction seems 
eoreticjilly to pfisseHs tinich merit. One nbje<!linn tn the ])l.'«n, 
jich forces itself to notice, on looking at the pynuniilrvl slee|;ers 
id the mode of fastening the rails to them, is, llmt the gi-a-np of 
e 8a<ldlo on the timber does not seem Pufltcienfly long for 
kdeauate strength of resistance, aud the bolts being numerous 
would weaken the sleepers. This system of forming the per- 
manent way has, however, been experimentally tried on aeveial 
railways with good reBuit.t, and a portion of the (Jient Western 
Uailway, near Keiisal Orcen, is refen-ed to as atfording a favour- 
able example of it-* durability, after a trial of three years. 

Another plan of constructing the permament way without 
fiera or chairs is exhibited by Mr. H. L. Corlett (li!44), and 
illustrated in the annexed eupraviogs (Pig. J •) It is culled by the 
iivent.nr, a Continuous Surface-supported Railway, entirely of 
ir<>n, the rails Vieing east with broad nances, which rest Upon the 
levrlletl ballast, and they are bfiltetl lojretber so as lo " break- 
oinL." The advantages claimed for this system are^ durability 
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degree of elasticity in this kind of sleeper that may be sufficient 
to remove the objection attending the solid blocks of stone. 
Similar kinds of sleepers are exhibited by Measrs. Simons aud Co. 
of Renfrew. 

There is exhibited a great variety of rails and chairs and 
methods of joining and fastening rails. Sevei-al contrivances 
are shown for fastening the double T rail in such a manner as to 
protect the under surface from abrasion, so that when it is tarned 
it may serve the purpose of a new rail. The plana adopted are 
either to fa;sten the rail to the chair by its side and'upper shoulder, 
without allowing the lower end to rest on the cb&ir, or to form * 
bed whereon the lower end may rest uuiujured. The chair 
invpTited by Mr. Ramsbiittom, the locomotive superintendent at 
(Jrewe, and exhibited by the Loudon and North-western Railway 
Company, is of the former kind. The rails are held by the sides 
and shoulders by wrought-iron key«, and are not in contact with 
the bottom of the chaii-s, which are made of wrought-iron, with a 
very broad base tn prevent them from being preaoed into the 
nleepers. 

An example oftbe other plan of protecting the under head of the 
rail is exhibited by Mr. Truss, of Gracechurch-itreet {130.0 in the 
eastern annexe), and is shown in the nccompanying wood-cut. 
Figs. 2 and 3. A space at the lower [uirt of the chair( A) is filled 
Willi a prepared woollen packing (C), and on it is placed the wood- 
seating ( R), the rail (B* being fixed on the chair by a wood key (D), 
ill the usual nuiunor. 

A more ingenious contrivance is the one exhibited by 
Mr. F. Wise, of Buckingham-street, Adelphi (Ki09), invented by 
ilr. IJamie'. It is a self-jicling chair, which secures the rftil 
without any wedge or key, the weight of the engine and carriages 
serving to hold it tighter at the time when greater steadiness is 
required. The accompanying elevation and section, Fi^«. 4and&, 
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ihovr hnw the effect is produced. The chair oonsiatfi of tliree parts. 
Tlie inaiu castiug a, ia fastened to the sleeper iu the usunl uimiiier, 
Kiid it is formed with curved abutmeutsi, b, apoii which the loose 
" tumble" JHws c,c, that hold the rail d, rest. Tlie wei^'Ut of llie mil 
upou the lower part of the movable jaws, which are aot attached 

Fio. 4. 




ItiMit'- Kailwat Chai«, — EleVdtiiiii 

Id any way to tlie cli.iir, causes the upper parta to close agjuuat 
the sides uf the rail suthcieutlj to hold it securely in position, 
and the grip of tlie jaws is greatly iooreased wiieu a traiu passes 
over the rail. It is stated that "several years' experieuce of the 
working of this chair uuder the heaviest traffic shows that it acts 
in the most perfect uiauuer, aud never allows chattering to occur 
between itself and the rail." One of the advantages claimed fur 
this invention is, that it affords the greatest possible facility for 
placing, reversing, aud remov^ing the rati. This facility is indeed 
almost loo great, for it would present the opportunity of doing 
wilful or wanton mischief by removing a rail at any part of the 
line without difficulty. Another objection to which this mode 
of fastening tlie rails is exposed is, tliat the constant yielding of 
the surface of the rail under traffic would increase the draught. 
This is an oV>jection which may be urged against all yielding 
surfaces, for the effect is jiracticoUy the same as if the wheeld 
■were ascemliug an incline. Even with wooden sleepers and 
ordinary chairs this effect must to some extent be prtxluced, Jiud 
experience alone can decide to what degree such 3'ielding of the 
surface is advauUigeoua or otlierwtse, so as to obviate on the one 




hand the inconvenience of extreme rigidity, and ou the other 
hand to prevent the loss of power caused by continually drag- 
ging the train o\ih of the hollows made by its weight on a yielding 
rfttlway. 

The spring-clip fiah-joint of Mr. Dering, of Lockleys, Herts, 
(1246), is liable to the same objection as the two last-mentioned 
chairs, but in other respects it seems well adapted for the purpose. 
A strong spring of the shape shown in section in the accompany- 
ing wood-cut (Figs. 6, 7, 8) clasps the two ends of the rails tightly 
together without any fasteniDc;. By means of this joint, it is stated 
by the patentee, that safety, simplicity, and economy nre attained 
by the absence of bolls, nuts, &c., one piece of metal taking tlie 
place of ten or fourteen separate parts, and, being self-acting, it 
requires no attention, for any wear or loosening that may occur is 
immediatt^ly i-emedied by the tendency of the spring to collapse. 
The length of the spring-clasp is about twelve inches. Fig. H 
is a section of the spring clip when not expanded by the rails; 
Fig. 7 is a section at the junction of the mils; and Fig. 8 ia an 
end view of the clip. 

Mr. Dering also exhibits rails joined by brazing, which plan, if 
not objectionable in practice, would effectually supersede the 
necessity of any mechanical joint whatever. A pair of rails joined 
together by brazing are exhibited, which were taken out of the 
Great Northern Railway after having been laid down four years, 
uid though the whole traffic of the One passeil over them during 




that time, the junctions are aa s<^iund as when first in, 
stated that when tested by sledge-hauimering the 
before the brazed joint yields. Honourable mention was 
to Mr. Dering "for his tempered 8t«el keys and trenail^.' 

MessrB. liansomes and Sims of Ipswich exhibit keys and trei 
composed of strongly compressed wood previously deasicated. 
These keys cannot shrink, and when driven tight between the 
chairfi and the rails retain their hold hrmly, for the fibres of the 
wood become exptinded by moisture and till up all interstices and 
produce a constant pressure. They have been adopted with 
advantage iu laying the Indian railways; and the permanent way 
of the Great Northern Railway is also laid with theae comprcascd 
keys and trenails, to which circumstance the patentees ascribe 
the speed and comfort attained on that line. 

The Anderson Foundry Company at Glasgow exhibit a peculiar 
mode of fastening the rails to the chairs by a steel spring, agaiutt 
which an iron key ia driven (1229). By the elasticity of the 
spring a strong pressure is maintained on the key, and the rail i 
tlius held firmly in its placu in all weathers. A great Tariety 
chairs aud joints and modes of fastening are exhibited by Mr. _ 
Morris, Albert-square, Clnpham-road (1:275), aud by the Per- 
manent Way Company, Grejit George-street (1288), but there i« 
nothing remarkable in their ooustruotion that deserves to be 
particularly noticed. 

Fia. <t. ria. T. Pis. 8. 
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DiiMiio's Srstra Cur Fian-Joi>n. 

Of rails and switcltcs and cmssiugs there are many example*. 
The Isca Foundry Company, Newport, Monmouthshire, amoag 
numerous other objects connecte<l with the formation of 
permament wuy, exhibit (1262) a welded steel crosaiug made 
tlie Bessemer .steel, the V part of which is perfectly wel 
together from the point to the intersection of tho rails. 
principal advantage of these crossings is their durability 
economy, for it is stated that they will last longer than five 
six of those made of iron, while the original cost is not more 
9(1 per cent, greater. The Bessemer welded steel poaseasM 
the advantage over solid citst-iron or steel, that it can be altexv^ 
and set to suit the lead of the rails, which the others cannot. The 
same conipaiiy also exhibit sftecimens of Bessemer caat-stttl 
switches. This kind of steel, which combines with the bardnes 
of steel the malleability of iron, is becoming more and more exto^ 
sivelyuscHi; nud it appears to ]>osseas qualities that render ' 
peculiarly a[)plicable to railway locomotion, whether iu the ool 
straction of the tires of the wheels, tlit axles of engine ami 
carriages, or iti making those parts uf the permanent wiiv thai 
are must exposed to wear. Honourable mention was awanied 
the Isca Foundry Company for "Switches aad cros&ings 
Bessemer Hteel." 

A frequeui cause of railway accidents is the fracture of 
wheels or cirea of the locomotives aud carriages, owing to 
heavy weights and the severe strains that they have to b«ur; 
much ingenuity has been exerted to produce a sound wheel with 
a solid tirmiy fixed tire. The method lormeily adopted of aeci»- 
ing the tires to the wheels by rivets has been ao aeve: 
denvued by Ca[>t. Tyler and Col. Yolland, the goverumi 
speoting offioerti of ihe lailwny deptirtmeut, that it is to ba 
that |)lan has been abandoned iu recent practice; aud then 
only one indication of adhesion to it in the present Exhihil 
All the tires exhibited are formed iu a solid ring intended 10 bl 
shrunk on the wheel, arid in some cases the wheel aud tire dm 
together an united solid disc Many of the exhibitors pride 
themselves on the rjuaiity of the iron of which their tires w* 
composed; and there are several specimens, |.iarticularly in tlie 
eastern annexe, of tires that have been twiiited and coolortM 
when the iron was cold, for the purpose of showing ita toughnos 
and pliabiUty. There are also several specimens of steel tir(«v ^ 
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girat size and thiokness; aud there are others Again made with 
iron and faced wiih steel, of which there ia a good example 
exhibited by Mesara. Brown & Co. (1240), in the easteru annexe, 
together with a stniogely contorted iron tire, cold hammered. A 
taedal was awarded to this firm "for a good process of making 
solid wrought-irou lii-es." 

The sobjoined wood-cut is an illustration of the railway wheels 
and tire fiuteners exhibited by Mptwrs. Dixou and Clayton of 
Bradford (1::247), aud aUa placed in the ea.stern annexe. Nos. 
I and 3 are edge views, and 2 is a flat view of a bar of iron 



numerous in the present Exhibition as in ISijl, but there is 
ueverihelesfl a coiisi<lerable display of sacli contrivances. The 
difficulty is not so great to invent the meaus of preventing acci- 
dents, as it ia t<) induce railway directors to apply llieui, though 
it might be siiipposed, after the heavy damages which most com- 
panies huve hud to pay fur injuries to passengers on their lines, 
th»t econfimiwd cnnaiderations alone, if no hi^tjlier motive, would 
have urged them to adopt wilh eagertjeaa any raeuns whereby 
accideiits might be avoided, or their deotruciive effects be dimi- 
nished. With respect to breaks, there is something more to bs 
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for making the spokes. No3. 4, ."5, nod G represent spokes to 
form the solid wrought-iron wheel; the cramp faaleuiug is 
shown in No. 7, which njuy be continuous, as at B, No. 8, with 
the tire and rim set dowu all i-ouml, or at intervals, as at C C. 
The letters E E iitdioite grooves in the edge of the wheel to 
t«oeive the cramp fusteiier. 

In the wheels aud tires exhibited by Mr. Owen, of Rotherhara 
(12^5), the wheels are of sulid wrcuight-iron, made in one piece 
under a powerful stoam-ldmnier, by which meiins such jierfect 

lidity is altaiutid that it i^ st-^ted by the mauufiicturera no 
of welding can l>e perceived on cutting the whoelis to pieces 
in a lathe. The recommendatioua the tires are said to possess 
are, thai each one is made from a solid mass into a circular 
form, so that no alteration of structure takes place by bonding. 
The whole surface of the tire is hammeied when at a welding 
Leat, aud the tires are afterwaixls heated and rolled into a per- 
fectly true ring. The usual procMses of turning aud boring are 
thus avoidedj aud the external skin of the Iron is preserved for 
wear. 

In the south side of the eastern transept of the building there 
,re several fine specimens of railway wheels and tires, mode 
from steel. In the Sheffield "trophy," of Messrs. Nayler, Vickers 
& Co., they exhibit solid cast steel driviiig-wheeLs, some of them 
6 feet diiimeter, nud railway disc wheels oiat solid with the tires, 
and having wi-ought-steel axles. In an adjoining " trophy," con- 
taining a large display of various articles inuile from Bessemer 
steel, there aio railway tires, of different sizes as cast in the 
rough, and as finished. 

There are specimens, in the eastern annexe, of wheels of various 
kinds, fittetl, with Beattie's tire fastening, which was strongly 
recommended by Capt. Tyler in bis report ou railway accidents, 
in 1861; and of which a description, with illustrations, was given 
in the July numl^er of this Jnttrnai last year. Most of them are 
exhibited by Messrs. Lloyds, Fosters & Co., of Wecluesbury (1:}68), 
to whom honourable mention was awarded "for wheels, axles, aud 
tires," and who exhibit also specimens of tires made by themselves 
tud a turntable supported on iron balls that roll round in a circular 
Tuove. In nil opeu area in the same part of the building, the 
fonkland Iron Company exhibit a monster tire, 12 feet in 
diameter, aud weighing ilOOO Ibe., nindn from rolled iron. A 
^reat variety of other s|>ecimens of railway wheels aud tires are 
(»]»<> placed in the eastern annexe, some of them being in Class V,, 
and a large number in Class I., among minci-al products. In 
both classes are to be seen remarkably fine specimens of fibrous 
iron, anil of steeL 

The inventions for the prevention of accidents on railways, 
including improved breaks, buffers, aud signals, are not so 



considered in the principle of their construction than the stopping 
of a railway train when in rapid motion within the shortesl 
possible spjice. A break that would bring a train to rest within 
sixty yards (as one exhibitor boasts that his buffer would do) 
wo'uJd produce such a sudden shock as to nearly equal the effect 
of a colHaiuu with an obstacle ou the lino. The object to be 
attained is to diminish the speed gradually, and at the same time 
ns quickly as i.-» possible, without inconveuieuce to the passengers, 
aud without injury to the rails or to the wheels. The ordinary 
break, which merely stops the rotary motim) of the wheels, and 
produces ite retmling effect by tlie friction of a small part of the 
tire against the rails, is a rude aud iueffective nieaaa of stopping 
a traiu, aud it tends to injure the rails and to break or weaken 
the tires. It scema strange that a plan which has long since 
been abandoned on common roads to check the motion of car- 
riages on descending hills, should have been retained for stopping 
a train of carriages moving with great velocity with much heavier 
loads, and ou roadways that especially require to be maintained 
in a sound and level condition. Many plans have been proposed 
for improving this rude mode of retarding the motion of a rail- 
way train, the most effective of which appears to be to increoM 
the bearing sui'fnce ou the rails by bringing breaks to act inde- 
peudtntly on their upper surfacea Such a contrivance was showo 
in I8ol, and a similar one is now exhibited by Mr. Wright, in what 
he terms the "bed-plate iron safety railway" (1312), which c^m- 
prisea other arrangements for the avoidance of accidents, in addi- 
tion to the luethod of retarding the motion of a train by the 
application of a d.it bearing surface on the rails. To carry out 
Mr. Wright's system entirely extra rails would be required out- 
side the ordinary ones, for the purpose of bearing the break, and 
also to prevent a train from running off the line wheu passing 
rapidly over curves. This part of the plan would, however, 
cntjiil so much expense, that there is little hofie of ita being 
adopted by railway directors; and even the iuveutor seems to 
limit his expectation of its being used to sharp curves. In 
another form of break, exhibited by Messrs. T. Dunn and Co., 
(1248), there is a contrivance for clasping hold of each side of the 
rails; hut there are great objections both in principle and in 
practice to such a plan. To bnug such a break into action would 
require the rails to be well raised above the chairs, and quite free 
from the ballast ; aud if the gra-sp on the rails were effective, the 
ira|>elus of a train in rapid motion would tear them up. It is 
impracticable to retard the motion of a train by friction other- 
wi.se than by nerj^endicular l>earing ou the surface of the rails. 
Of the other breaks in the Exhibition there are not any that 
deserve special uotice, for the principles of action in them nil is 
the same as that generally practised, the variations in e^ich uum 
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consisting chiefly in the diflereot niodes adopted for blocking the 
wheels. 

Ofbiiffera there are various kiuds, made with stet;! springs, 
and wiih vulc.'itji3e<l iuJia-rubber, aud ia some instances with a 
uombioatioD of the two, for which the exhibitors claim special 
ailvautatjes, it being their object to combine strength with light- 
ness ami jx)wer of resistance within a small 8|>aoe. The object 
of altaining greater resisting power within a limited range of 
action, which aeema to be aimed at by the constructors of bufiiug 
apparatus, may be considered u very questionable advanUige, for 
the shorter the time of action the greater moat be the shock of 
sudden contact, which it is their purpose to diminish. In most 
cases of violent collision on railways the buffers, as ordinarily 
constructed, are of little use, because tliey are not properly formed 
at the ends to take into one another, and they are frequently 
7»lace<l at ditferent levels. The consequence is, that instead of 
acting horizontally, and bringing the carriages to rest, after 
dituiuishing the shock, the ends of the buffers slide over facli 
other, and tend to throw the carriages off the line, or to lift them 
upon one another or on to the engine^ and thus aggravate the 
effects of such accidents 

The accompanying woodcut, Fig. 10, represents a section of Mr. 

Allan's corapoand buffer(l 2-28), which is said toposoeas the property 

of increased resistance in an eminent degree. For the purjKtse of 

showing its action, the buffer is illustrated with its plunger at 
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haifstn-ke, the dolteii lines showing the position when at rest, 
it will be seen that while the apriii" A acts between the bottom 
of the cylinder D and the inner end of the plunger C, the other 
spring B acts between the front of the pluoper and the washer K 
tixeil on the pillar F. By this means there is compound action, 
and the two springs produce an amount of resistance double that of 
an ordin.iry buffer. 

Another construction of buffer is shown in the annexed illustra- 
tion. Fig. 1 1, which i-opresents in section the contrivance of Messrs. 
6}ienc«r and Corlelt(l244). Tliepriucifjal iidvantage of this buffer 
is that the plunger is without a central bolt, and ia retained within 
the cylinder by projectio^a which prevent it from falling out, 
whereby it is as«.Tted that a<iditional strength and diminished 
friction are attained. An important improvement in the con- 
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stniLLion of buffers introduced since 1851 is, making the cylinders 
i»t'wnjught-iron,bywhich means theyare lighter and stronger than 
when made of cast-iron. The volute spring, for the conlriviuice 
of which Messrs. Spencer & Sons, of Newc«8tle-on-Tyne, obtained 
a prize medal in i65\, has since undergone improvement by 
th«m; and it is employed iu ita improT«d form in the buffeni 
e^xhibited. 



The want of some means of oommDoication between the engine 
driver and the guard and passengers has been experienoKi from 
the very commencement of railway travelling, yet upwards of 
thirty years have elapsed without the adoption of any etfectual 
plan to'suftply that requirement, notwithstanding the many 
aerious and even fatal occurrences that have Uiken place to prove 
the necessity of some such means of communicating. As in the case 
of railway breaks it is not from the lack uf inventive ingenuity 
to contrive signals for the pnrp^ise that pnssengers and guard and 
driver cannot give notice to each other of danger to themselves 
or to the train, for many contrivances to effect that object have 
been invented and mii;ht be iulriHhiccd at little expense, but the 
difficulty to induce railway diiectora to depart from the ordinary 
routine, or to adopt any plan that threatens to give additional 
trouble, has not yet been overcome by the many remonstrances 
roade by the public it is essential, iu all plans of making aig- 
nalci by mechanical means to the driver or guard, that there 
should be a continuous connection from carri«ge to carriage, but 
the lime require*! to hook together cords or rods on the tnp of 
each carriage would be so very trifling as to be not worth con- 
sideration; nevcrthelesa the reluctance to more in the matter is 
so gre:it, that we believe nothing short of a legislative enactment, 
or the occurrence of f»oine very serious calamity from the want 
of such means of communication, will induce the directors to 
lake measure.^ to establish it on all the tniius. There are several 
contrivances now exhibited, any one of which might be applied 
witliout difficulty. When the object is confined to making sig- 
nals between the driver and the gaard, a cord or movable rod 
attached to each carriage, with loose ends for the purpose of 
coupling, and with a boll at each end of the train, would be 
snflicieut for the purpose. This simple pl.in, judging from the 
drawings and apparatuH exhibited by MeHsrs. f'hattaway (1294), 
h.is been adopted on the Bfimbay and Central India niiiway. If 
the gtinid and driver had the means of stiikiug a bell at each 
end of the train, a code ot signals might l>e ea.'^ily arranged so am 
to enable them to make all necessary communications. 

When it is intended to estaVilish communieatious between the 
passengers and the guard, as well as between the hitter and Uie 
engine driver, a mort- complicjited arrangement would be required. 
A model of a coutrivnuce of this kind is exhibited by Mr. J. 
Davidson, of Leek (1245), and of which the accompanying engrav- 
ing, Fig. 12, [iredcutsau illustrHtion. There are movable roils in the 
top of each carriage, which are ctmntiected togetlier by the con(>- 
linga 3, 3. The communication is made by bells, that of the 
engine-driver being marked 1; 2, 2, are the handles by which the 
signals are to be worked. The mode by which passengers are 
enabled to work the signal is not shown in the engraving, bat 
when the bell ia rnug by .iny passenger, an alarm slide, marked 
4, projects from his compartment, tu iudic.ite to the guard where 
attention is required, and it is so contrived that when forced out 
it cuiuiot be replaced until the guard has unlocked it. It will be 
observfil that the ampliugs l>eing jointed, they would afljust 
tbemselves readily to the variable movements of the carriages 
when iu motion. 

An ingenious mode of making verbal commit nications on rail- 
way trains is exhibited by Mr. Kingston, of Upper Stamford- 
street (1263), and has been favourably noticed by Col. YoUand, 
one of the railway inspectors of the Board of Trade. A vuluanised 
iudia-ruliber tube is attached to the top of each carriage, and the 
tubiitg of the separate carriages is connected together by means 
of hollow ball-aud-socket joints, for which j>urp08e the ends of 
the tube in each carriage projects, and to those portions uf tl»e 
tul>e coiled springs are attached. By this means the ball and 
socket are readilv connected, and being forced together by the 
springs they would maintain their positions, notwithstanding the 
wriggling motit>n of the carriages. So far as regaids making a 
comnuniication between iVie guard and driver, we conceive that 
the simplest and mostea.sily applicable means would be by sound, 
either by -t compressed air wl>istle or by explosive sigtuds. This 
j>lan would \)e independent of all mechanic^ connections, there- 
fore it wouhl not be liable to the objections raised against the 
modes of communicating which are exhibited; and a code of 
signals might be ironlrlved to answer all required purposes. 

Ot road and station signals, to indicate to the engine-drivers 
whether the line is clear or obstructed, the one exhibited by 
Messrs. Stevens and Son, of Southwark (1302) appears to be a 
considerable improvement on the semaphores usually employed. 
The pillar and the signal-arms are made of open iron-work on a 
strong cast-iroD base^ and as there is but a small surface com- 
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pAmUvely pre^nteJ to the action of the wind,, it can wilhfltniul 
the force of violent g»les, :tiiJ it is al»o lea!) liable to decny tlniii 
timber pillars. The aignuld are worked by rodi* connect«'d with 
baxidlea netir the ba£«; ami the semaphore is adapteil to be ii»ed 
by Jay or night, and for up and down lines. Bouonrablt- njentiou 
was awarded to this firm for their " semaphore signals." 



nittDiier are liable to get out of order, but such a. dpffi't can be 
readily detected and remetiied; and they are fir better than self- 
acting time signals, which adjust themselves after the lapse of a 
given time, for in ctae of a break -down, or of unexpected retar- 
dation, the train njay be close »-head, though the aeiuaphore 
might indicate that the line was clear. 




The model of a self-acting railway signal, intended for tunnels 
and sharp curves, exhibited by Capt. Stafford, of St. Jaujea's- 
•quare (130.3), is well ada])ted to answer the purpose of warning 
the driver of a closely following train when the Hue is obstructed! 
The engine on entering a tunned bj-ing* the danger )<ignal into a 
cwnsfiicuous position, and on leaving the tunnel the signal is 
lowere<J by a couut^cting wire that is pulled by a projection acted 
on by the train. Signals tli.it operate by direct action in this 




rsicvTiox i!< Railwat Tii4i:<!<. 

In the foregoing survey of the railway ap|)lian<.-e8 exhibited, it 
is very probable that we may have omitted to notice some that 
deserve attention, for many of the objects ai"© distributed iu ao 
incongruous a manner in various parta of the building, that it is 
difficult to find them out, We have purposely omitted to men- 
tion the foreign contributions relating to locomotion on railways, 
of which there is a large and highly creditable display, reaerviog 
the consideration of them for another occasion. 
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KINtJ iUCHARD'S HOUSE, AT 
By Mr. Ooddard. 

.\MOKa the Architectural relics of Leicester now no more, was uicateU with 
■landing some years ago an old building which was popularly 
called " King Richard's House." It was known to have been 
part of the Old Blue Boar; as at the commencement of the last 
century it wa-? wsed as an inn, and known by that sign, though 
origiaally it bore tlie name of the " Wliitu Bnar," the cognisance 
of King Richard III., hut after hii< defeat thirisign was torn down 
by the iufnriatol populace, ami the owner or landlord conipelle<l 
to change its title. Popular tradition has always identified the 
building with the lll-fateil uiouaich, and the inquiries of our local 
antiquaries confirm the tradition. It was taken down in the 
month of March IB.'JG; but fortunately, before its destruction, a 
drawing was made of the front by the late Mr. Flower, and that 
has been copied in manj shapes in architectural work* and vari- 
ous publications with whiuh the reading public are familiar. I 
also vi.sited the spot before the deniolitiou was effectetl, and took 
the dimensions of every portion of the building, for the purpose 
of making a correct drawing of it, representing it as complete 
M when first erected. The results i have much pleasure in 
laying beft>re the Arcliaeotogical Congress. 

The part of the original structure then remaining had appa- 
rently been one wing of the inn, aa it stood when first built. It 
was of two stories. The front was aboqt 2o feet wide and 37 feet 
high to the apex of the gable. It was a half-timbered house, of 
oak, the interstices lilled iu with plaster. The foundations to a 
certain height above the level of the ground were composed of 
■tone and brick. The lower story was one Large room about 
forty-one feet long and twenty-four feet wide within. The 
external part in front vns covered over in great part with a 
brick wall, on the removal of which the original timbers of the 
windows were exposed. There were two wide windows of three 
lights each, divided by wuotlen uprights forming the fiaraework, 
coved on the front edges and grooved to receive the le;id light<i. 
These timbers were placed npou blocks of granite, to prevent the 
damp from rising and decaying them, and were aa perfect aa when 
first erected. There was originally no doorway, although in the 
drawing by Mr. Flower one is represented; but this was cut out 
of the woodwork to allow admission to the interior, then used aa 
« wool-room. In this apartment were traces of an original win- 
Jow of four lights (of similar character to tliat alre.ady ilescribeil), 
iu the south wall near the western extremity, looking in the rear 
of what I suppose was once the main buthltng. In addition to the 
window there was a door near to it, which had evidently commn- 
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a corridor or passage in the rear of the main 
building. On the north side of the lower story was a fire-place, 
having stone jambs moulded, and a moulded projection over (he 
mantel. The second lloor overhung the lower story, the ends of 
the door timbers being shown, and the principal ones supported 
by brackets. The beam lying over thene ends was mouldeti ami 
embattled, as seen in the dniwing. The principal feature was 
however a projecting wintlow of live lights, with moulded mullious 
and tracery of the Perpendicular period. This window was 
supported by brackets. 

Above this was a second projection, with an embattled tie- 
beam and moulding, to suatain a gable, having an ornamental 
barge-board, cusped and otherwise sunk and moulded. In the 
interior the second story was much like the lower one. The floor 
was of brick. It had a fireplace similar to the one below, with 
the exception that it had three courses of brickwork between the 
plinth of the stone iambs and the floor, which waa no doubt 
intended to act as a hearth or fender to protect the floor timber 
from lire. 

The roof was open to the ridge, the construction of it being 
still visible. The whole of the timbers were framed and pinned 
t«igether with oak pins. Not a nail, nor piece of iron of any 
description, was used in connection with toe building, but the 
timbers were framed and scarfeii together in the most ingenious 
manner. All the principal bearas.iud other parts were decorated 
with painted scroll-work iu black, re<l, and yellow, and of simple 
design. la addition to the window looking upon the street, 
there was another like that in the lower story already described. 
The entrance w.w by a d'Mir entering from a gallery also, like 
that below. The door was of a rude description, Iedge<l, and 
composed of three boards, cleft, not planed, lapping one over the 
other, and was fastened by a wooden latch, moved through a 
finger-hole cut in the door, and by a bolt of wooii below the 
latch. The roof was covered with strong Swithhuid slates. 

Having described what actually remained, I now venture to 
conjecture what was the main plan of the entire building, as it 
api>eared to the inhabitants when Hichanl the Third took up hi» 
lodging in it, aa the principal hostelry in Leicester. 

Uswems to me that the structure had two wings and a centre; 
the building I have spoken of being the northern wing. The 
centre probtbly receded fiom the street four or five yards. la 
the middle was perhaps another gable, with wide gateway below, 
admitting to the rear of the premises and to the passages behind 
the front rooms. 

This supposition is at vaxLince with the picture, but as (h* 
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lutter wu dmwn to nhc w the buildings which Rurrouudeil it wiieu 
the drawing waa taken, and not aa they presented themselves 
originally, it must be no regnrded. Like the ohi inna in the 
metropolis, the Blue Boar bad probalj open galleries behind 
approached by outside ataircaaea, and commiiaicating with the 
several chambers. 

As the principal apartments were in the wings, and they were 
spacious, there is no reason why the upper room of the northern 
wing was not the sleeping rixmi allotted to distinguiahef] tinvel- 
lera, and therefore to Ilichard the Third when he slept in 
Ijelcesler. 

The paper was illnstrtite*! by a coloure<l drawing of the old 
Blue Boar, and a conjectural grouud-plan of the entire fabric. 



mON PIERS FOR RAILWAY BRIDGES IN 

ALLUVIAL DISTRICTS. 

( With an Enijntrinij.) 

Cosenctjors among the British Engineering Models at the 
International Exhibition may be observed Colonel J. P. Ken- 
nedy's ^rnotUd!* mid drawings (2.t07, <'ta88 10), illustrating "the 
Finance of Railways and other public works." Of these the 
most copious and important subject i-elates to the construction 
and erection of iron piers aud superstructures for railway and 
other bridges and vi.-iducta in alluvial districts. The results 
»re derived from the system which he has adopted ou the Bombay 
and Baroda Railway. That system has been already noticed in this 
Journal (vol. xxiv. p. 251), to which we beg to refer our readers. 
It is well adapted to the requirements of the colonies, in conse- 
«|nence of its economy iu tirat cost, facility of li'ausit in long 
voyages and of erection in situations where the supply of skilled 
labour and mechanical appliances are vei^ limited. 

The practice held forth is based upon the erection of 05 
bridges across rapid rivers, most of them tidal, and flowing upon 
alluvial beds; the aggregate length of bridgework being about 
(5J miles. The length of line conceded for construction was 
313 miles, of which auout two-thirds are finished, and the balance 
is OQ the eve of completinn. The financial powers of this line 
way be estimated from the unprecedented fact that single en- 
gines, four wheels coupled, haA'e hauled along its entire length, 
and in each direction, tmiua of 72 carriages conveying 4000 [ms- 
sengers at the regulated speed of :20 miles an hour. Colonel 
Kennedy, from the outset of hb operations, has aimed at 
securing low fares for hia passengers, with high dividends for his 
aharehidders. He expects that the cost of the line shall not 
exceed ;t'li,0(iO per mile, notwithstanding its difficult character 
ami the antagonism with which he has had to deal. 

The extent of counti-y to be supplied by railways iu India is very 
great, averaging UKX) miles across from west to east, and more 
than double that distance from north to south. It is intersected 
by two principle ranges of mounlaiiis; the Vindea central range 
running from west to east, aud theSyhadree range, 2tXX) feet high, 
running from the centre of India southwards along the west coast, 
with a steep declivity towards the sea on the western side but a 
gradual fall inland on the eastern. In the case of the Bombay 
aud Baroda line great care was necessary in surveying the country 
beforehand, t« make sure that all branch lines intended to be 
cotutructed aflerwards would be practicable, and 4000 miles of 
ground were examined before any steps were taken in cummen- 
ciug the works: this watt the more important iu so mountaiuuus 
a country, in order to get the best possible levels along the entire 
course of the line, aud the result was a ruling gradient of 1 in SiXi. 
The population ofUie country and its capabilities of supplying 
produce are so great as to ensure an euormous traffic for all the 
railways, aud financial difficulties alone have hitherto retarded 
the |>rogress of railways. The vast importance of ready commu- 
nication through India may be judg(?d of from the fact that India 
already consumes a larger amount of British produce than any 
other country; hence it is that, while her colonies are the maiu 
aupj)ort of the industrial classes at home, England must look to 
her colonies and to India e.<4pccial]y for the maintenance aud 
advancement of that industry; and facility of road traffic is 
therefore osseuti.al for increasing the demand for home produc- 
tious and for reluming larger supplies of raw material. 

From the nature of the country it frequently occurs in India 
that the practicubility of building a bridge in a particular locality 
is tin coasideraliou which determines whether there should be a 



a road or not; and the same condition decides the question also 
as to a railway. The large majority of the lines have to follow 
the valleys aud to cross the rivers frequently, requiriuB a special 
construction of bridge piers for the alluvial soil, where solid 
masonry piers are most costly if not impracticable. The piers are 
thus of vital importance: many kinds of superstructure may be 
adopted, but ou the piers depeuil the practicability of making the 
railway. On the ludian lines miles of bridges have to be dealt 
with, which must he strong euough to withstand the fierce mon- 
soon floo<la running at 6 to 10 miles \^r hour. Hence great 
strength and durabitity are necessary in bridge piers, combined 
with cheapness of construction; otherwise a railway could not be 
attem})ted with any prospect of a suocesafol issue. 

The piers are composed of hollow cylindrical cast-iron piles, of 
1 inch thickness of metal and 2 ft. 6 in. outside <liameter, cast in 
9 feet leugths weighing about 1^ tons each, as showu enlarged in 
elevations and plans in Figs. 2 to 5, Plate \^ ; the-se are 
of two principal patterns, for the portions of the piles 
above and below the ground. That abive the ground, Fig. 3, 
has fl:u)ges outside for bolting the tengihs together by twelve 
1 inch bolt«; while that underground, Fig. 2, has the flange* 
inside bolted together by ten 1 inch bolts, and is flush on the 
outside so as to offer no resistauce in penetrating the ground; 
they are large enough inside to leave room for a man getting 
in to bolt the seventl lengths together })roporly iu the process 
of erecting. The foundation is obuiined by one of Mitchell's 
screws at the bottom of each pile, of 4 ft. 6 in. diameter, 
which finds its own fouudaiion without the expense of coffer- 
dams or any other artificial preparation of the ground. The 
upright piles are placed 14 feet apart centre to centre, and 
are suuk to a depth of about 20 feet fn the ground; but where the 
gr»und is softer than usual they are carried dowu deeper, to 
obtain the requisite s2rength of foundation. The greatest length 
of pile used has been 45 feet below the ground and 72 feet above. 
The oblique piles forming the struts are inclined at an angle of 
about 'iM) to the upright piles, they are precisely the same iu oon- 
structiou as the upright piles, and are joined to the latter at 
about the ordinary flood level by a cap cast at the proper angle, 
which flips the body of the upright pile. The piles are all 
connected together above ground by horizontid and diagonal 
wrought-iron bracing, attached to lugs cast ou the piles by a piu 
at one end and a gib and cotter at the other, as shown in 
Fig. 3. Figs. 4 and 5 show sections of the horizontal T u-ou brac- 
ings A, aud the diagonal angle iron bracings B. The several 
parts of the bracing act alternately as struts and ties accord- 
ing to the direction of the current, and in oousequeuce of 
this alternate strain an accurate fit of the bracing is required; to 
ensure this the joints at one end of each are therefore left to be 
done iu India from measurement ou the site, this being the only 
forging required in India. A party of submaiiue fitters is em- 
ployed for attaching the bracings to the pilings and other work 
under water. These men are furnished with Heinke's helmets 
and dre^es. The outside piles are faced with a double row 
of timber as a fender to protect them against shocks from any- 
thing floating in the water and brought down by the current 
The weight of a single complete pier of live piles for two lines of 
rails, 63 feet high from the fouudations, is 75^ tons, and the c^ml 
.£624 delivered in Loudon. 

Fig. 6 is a side elevation of one of the spans of the brid^, 
showing the construction of the superstructure, which is that 
known as Warren's triangular system. Fig. 7 is a plan of one 
roadway, and Figs. 8 and 9 are an enlarged elevation of the 
double standard carrying the ends of the girders, aud a side 
elevation of the girder and staudard. Figs. 10 to 16 are sections 
of the bars composing the girders and tie bars. Fig. 10 is a 
section of the top compression beam at end; aud Fig. 11 section 
of the same at middle. Fig. 12 shows bottom tie bars, section at 
end. Fig. 13, the same, shows section at middle. Fig. 14, se<v 
tion of the diagonal struts. Fig. 15, section of vertical and 
diagonal tie bars; and Fig. 16, section of roadway girder. 

This form of girder, when manufactured and accurately fitted 
in England, requires the smallest amount of skilled labour for 
its erection abroad oil reaching its destination; only a few pin* 
and baits have to be put in fur completing the girders, and the 
skilled labour required for riveting dox girders or lattice girder* 
is avoided. 

(Toht amfinutd. ) 
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ON HYDRAULIC ENGINEERING* 
By Samuel McElrot, C.K 



No. 1. — Reservoir Constroctiow. 



F 

^^B The principle of coUectiog water for public or personal use ia 

^^ directly connected with the tutroductiou of water works; and, pre- 
liaiinary to examiuutioo of the several theories or systems of 
construction and Ude which have been followed, a brief historical 
suQiniary of ancient iiud modern practice is imporUut, which is 
tiiken from Orosy's Encyclopedia and other works for the former, 
and principally from local reports for the latter. 

Egypt. — In two of the prominent cities, Carthage and Alexan- 
dria, the former cootiunin^ upwards of 700,<iOC) inhalntauta and 
the latter over 300,(»00, the tirat received its supply of water 
through a large ai^ueduct, which emptied itself mto a great 
namber of reservoin* or cisterns in different parts of the city, 
about 100 feet long by 30 feet wide, through earthen pipes laid 
for the purpose, said to be still visible; whUe the second was 
supplied from the i-iver Nile, covered stone conduits lined with 
cement being ciirried to each private dwelling, discharging into 
small cisterns built for the purpose, of the same material and 
lining, also covered. In the wtirs between Rome and Alexandria, 
when the Roman army had obtained possession of a portion uf 
the city, they were much surprised and annoyed by tiic Alexuu- 
drian general, who cut oflF their supply of fresh water, turning 
into their conduits salt water in its slead;. but by their united 
exertions in a single night, they dug wells, sufficient to supply 
their wants. The fact, taken in connexion with the enoriuoii:^ 
<x»t of this syHteai of distribution, goes to show very clearly their 
car* to provide the wholesome water of a river, in preference to 
the unwholesome water of wells, where nsed by a large po|)u- 
lation. White, in the case of Carthage, these numerous reservoirs 
would seem to have been used for direct private supply, without 
introduction to each house, as is now the case in some Europetin 
cities. Recent viaits to the remains of Utica, by H. B. M. ship 
Harpy, describe the main subterranean reservoir of about 320 feet 
diameter, with six cisterns ^ti feet from it, 135 feet long, lU ft. 
7 ij. wide, not less then 17 feet deep, built witli axx;hea roofs, 
connected with each other, and in good pre.servalion. 

Greece. — Ou the island of Samos, a canal was cut through a 
moaatain to obtain a supply of water from a copious and cele- 
brated spring; and at a point near tlie aqueduct several c.iverns 
were cut to receive its supply, whence tlie water was probMhly 
drawn by hand for use. On the island of Teuedoa there still i-e- 
uiains an ancient stone building, in which the water used by the 
inhabitants wjis collected, after it was brought from distant 
springs in earthen pipes. Among other rcruaJns of the city of 
Cnidua are several slabs of mjtrble, channelled out for water con- 
duits. Ou the iabtud of Cos, an aqueduct three miles in length is 
built, which supplies the inhabitants, the cover being removed to 
enable them to get at its contents. In the city of Syracuse, one 
of the reservoirs is described as being cut out of the solid rock, as 
was the aqueduct whii^h supplied it, being !i7 feet long, 23 feet 
wide, and 10 feet deep. In other (irecian cities conduits of stoue 
masonry are found leading u> subterranean rerfervoirs, airanged 
on a similar system of distribution. 

Italy. — In the arrangements for distribution made by the 
engineers of Rome, the water brought to the city by the several 
aqueducts was received at the walls of the city in leservoirs 
specially adapted to ejich supply. The levels cf the sever.nl 
sources at these reservoirs differed materially, that of the Anio 
Novas being 158'8 feet above the level of the Tiber; while of the 
six other aqueducts, three were above a level of 125 feet, and the 
other three standinji; at 825, 342, and 27'4 feet above this river, 
which at the city wiis 1)15 fL*et above the Mediterranean. Each 
reservoir, or eatteUum, had a triple cistern attached to it to receive 
the wat«r. Three conduits, of equal dimensions, were connected 
in such a manner, that when the water was more than necessary 
for the supply of the outer, it was discharged into that of the 
midille, which served all the pipes of the public fountains; one uf 
the mains supplied the baths, the other the private houses. 
The object of this contrivance was to provide firet for the 
jiublic wants, then the baths, and afterwards private individuals. 
*' At the end of each of these three conduits was a receptacle 
whence the general distribution was made; at the sides were two 
oiliers, tu take off any supembandant quantity. By aitch an 
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arrangement the various supplies were regulnted with the 
greatest nicety. The total width of the auteUum (of the Aqua 
Julia) is 115 feet No expense was spared in the construction of 
these stupendous edifices, which, attached to the numerous aque- 
ducts of Rome, must have resembleil palaces. Built of squared 
stone, and lined with brick coated with a fine cement, every 
precaution was taken to prevent le.<kkage or infiltration. The 
several conduits and pipes were pro^'ided with valves and cocks, 
for shutting off or turning on a supply to any direction." 
(Cresy's Encyclopeedia, page 172.) Ample provision was also 
made for cleansing the several chambers by flushing ports, built 
in the centre, and secured by a plug or a cut stone. Every house 
in Rome was supplied with water, a portion of the expenses 
being met by private tax on each house. In many cases foun- 
tains were placed in the courts, and in others cisterns were used, 
either open or covered. These were supplied from the autUtlum, 
priucipully by earthern pipes, although lea^l pipes were much in 
use in Italy. Wooden pipes were sometimes used for economy; 
pipes of terra-cotta were also osed, and iron pipes were not tin- 
known. In some of the baths copper pipes were used, but seem 
to have been limited in number. The Romans: seem to have 
preferred the earthen pi|>es for distribution, as they did eai'then 
vessels for drinking, on account of their snperior coolness and 
purity. The tub<^a were made not less than two inches thick, 
the end of one titting into that of the other. The joints were 
coated with a mixture of quicklime and oil, the pipes resting on 
stone blocks, to keep them iu line, and in some cases they were 
entirely coated with cement. In the city of Venice, all the 
springs met with in constructing the foundations of the houses 
were led into wells built to receive them. In the absence of a 
spring the wella were supplied by rain water from the roof, and 
these supplies failing, as they sometimes do, recourse is had to 
the main shore for supplies brought in boats. These subter- 
ranean reservoirs are very carefully built, lined w^ith a peculiar 
clay of the locality, and preserve the water in cooluess and 
]iurity. In other cities of Italy the population is supplied by 
public reservoirs, placed at different points throughout the city, 
at a level below the ground. 

Turkey. — In the city of Constantinople, one of the covered 
reservoirs, or cuitertur, connected with the distribution system, 
still remains. It is conslrncted of brick covered with cement. 
It has a vanlteii roof supported by marble columns, the cistern 
being 336 feet long, about 200 feet broad, and containing when 
Hlletl to about 40 feet depth 25,000,000 gallons of wat<?r. Re- 
mains of these cittema are found in liome, independent of the 
ciutdltr, which received the aqueduct supply. They are also to 
be found in Spain. 

Judea. — The city of Jerusalem is still supplied in part from 
the pools of Solomon, which were cisterns or reservoirs of ma- 
sonry, receiving an aqueduct discharge, and works of this kind 
characterise that country. The countries of Assyria and Persia, 
Babylon and other great cities, contained extensive provisions 
for water supply. 

Peru. — Iu this country reservoirs were constructed by the 
Incas on the Andes, from which aqueducts were built hundreds 
of miles iu length, exceeding in character those of Rome. One, 
iu the valley of Condesuya, is 400 miles long, and is still in 
partial use. 

Mexico is also famous for the aqueduct of Chapultepec, and 
the line over Ij»ke Tezcuso. It would appear from these state- 
ments that with the ancients the system of distribution , to each 
private house was not universally in use, the iubabitauta being 
obliged to go to the citternte for their more immediate supply: 
aud as in those cases on record of house distribution, the o)>en 
fonutains, open iimarue, or covered pucinte, were at or beiuw the 
level of the ground, and fully connected by waste pipes with the 
system of sewerage, it is evident that the system of distribution 
under pressure was not in general use, so &r as an available 
head within the house was concerned. 

Modern Europe. — In a large number of European cities, as 
has been also the custom in Canadian Cities, and as was the pmc- 
tioa for many years in New York, the population is supplied 
from the public fountains or other sources by water carriers. 
The supply of the C.inal de rOuroj in Paris, was <listributed la 
this way. In other cities, as in London and Hamburg, the 
supply is carried to the consumers by distributing pipes, under 
the pressure of stand pipes connected with pumping enginea, 
reservoirs being used rather as reserves for fiire purposes than 
for house service. 
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London previous to the year 1582 deriv«l its supply by indi- 
vidual resort to the Thaniea, to wells, and to suburbiui slrGama. 
About that titue a tide-wheel was erected at London-bridge, 
which forced the water of tl»e Thumes into a cistern on a wooden 
buiidiog 1 '20 feet high, from which leaden pipes c&rried its supply 
to Mvenl districts of the city, pipes of wood and stoue being in 
occasional use at a later date. With this distributioD service, 
under additionnl pumping power, which wns mainly of wood up 
to 1810 And 181'), as abo in other cities of England, the gteatest 
head in the houHea was limited to feet above ground. 

The character of the supply furni.shed the citizens of Jjondon 
by the nine water companies in operation previous to 1852, has 
this remarkable peculiarity, that it was carried on under what is 
called the intermittent system, or in other words, that each cora- 
piuiy subdivided its distribution district into convenient sections, 
OQt one of which was supplied at a time, and in no case mure 
than once a day, sometiuies not more than three times a week; 
and that the supply of watar under the standpipe hear! at the 
engine-house was kept on each section for a daily interval vary- 
ing firom three-quarters of an hour to three hours, but very 
nurely as long as three hours. Notwithstanding the use of cast- 
imo distribution pipes, the elevation of this intermittent supply 
to the upper stories of dwellings was confined to the more expen- 
sive houses, and as a general rule, all the supplies were received 
i« cisterns or other receptacles very near or quite below the street 
frndc. In roost cases the mains were supplied direct from the 
eu;;^ne3 through the engine house standpipes, a process for which 
these sUndpipes were specially adapted. To receive and retain 
f>r use this alternate supply, all the better class of houses were 
provided with cisterns, or water butts of sufficient capacity for 
this purpose. No such provision, however, seems to have been 
m«de for the poorer classes, who were obliged to draw their 
supply from sliort standpipes placed in the several courts, 
one pipe of thin kind serving for from 50 to 100 Iiouaes, the 
water lacing kept in the pai^ jars, buckets, &c^ in which it was 
caught. From the Parliamentarj' Ke[Jorts on this subject of 
18.50, it appears that of 28,s,037 houses in the city district of 
supply, 17.4.j6 houses, or about 6 per cent, were unsupplied by 
any direct meaua; in special districts the ratio sometimes being 
as high as IH per cefit. In the several Heports of 1850, 1851, and 
18.5£, on the disadvantages of the present London supply, the 
objections to this peculiarity, which also prevails in many other 
cities of Great Britain, are clearly and strongly urged. 

The New River i'orapany has six subsiding reservoirs within 
the city limits, and u.ses six engine stations. Two are lined with 
brickwork, the others being excavateil in clay bottom, with side 
slopes of 2".'> to 1, faced with broken stone for protection fri>m 
wash. Two being .M<} feet above Trinity datum, supply by gravi- 
tation. The bierhest surface is 430 feet. Their joint area is 50 
acres; level, S2, 8(i, 112, 144, and 400 feet; contents, about H-o 
days supply, as an aver.age, the highest holding one day's supply; 
joint conteula, 120,2Us, 176 gallons. D.-iily distribution iu ]&4b, 
14,149,315 gallons. 

The East London Company has five subsiding reservoirs, at 
datnm Ie\'el, 30i acres areri jointly. Contents, 32,500,000 
gallons. Lined in part with Kentish ragstoiie, brickwork and 
gravel The sixth, lined with brickwork, on Stamford Hill, is 
86 feet above, and ctmtains 2,500,000 gallous. Daily distribution 
in 1860, 8,«il),462 gallons; highest service, 120 feet. 

The Soulhwark and Vanxhall Company has no reservoirs, 
except for subsidence and filtration from the Thames. Highest 
service, 185 feet. 

The West Middlesex Company has two subsiding reservoirs 
ttom the Thames, of 16 acres area; a reservoir on Camden Hill, 
less than 1 acre in area, lined with brickwork, nt 1 1 1*5 f&et level, 
containing 3,456,000 gallons: and another on Barrow Hill, lined 
with brick, 1-5 acres area, contents 4,572,000 gallons, level 167"5 
feet. Daily distribution iu 1840, 3,334,054 gallons; highest 
service, 207 "5 feet. 

The L-Hmbeth Company has a reservoir on Brixton Hill, lined 
with brickwork with paved bottom, level 105 feel, area 3 acres, 
contents 12,150,00ti gallons, depth 20 feet; and another on 
Streatham Hill, with brick walls and clay bottom, level 185 feet, 
area 1'25 acres, contents 3,750,000 gallona Daily distribution 
in 1849, 3,077,260 gallons; highest service, 3-50 feet 

The Chelsea Company pumps into a subsiding reservoir at low 
grade, 35 aoreaarea, 15 feet deep. It has a reservoir* at Green 

* ThU retCTTOlr luu Utel; been reuioTHl. 




Park, with brick walls and paved bottom, 10 feet deep, area 
acres, contents 3,000,000 gallons; and one at Hyde Park, wil 
brick walls on concrete, area 0"75 acre, 7 feet deep, ooa' 
1,021,000 gallons. DaQy distribution in 1849, 3,940,730 
highest service 157 feet. 

The Grand Junction Company has one reservoir at Camd 
hill, with slopes lined with concrete and bride paved bottoi 
area 1 '75 acres, contents 6,(XX>,000 gallons, level 1 23 feet Dai 
distribution iu 1849, 3,523,013 gallons; highest service 150 fee 
The Kent Company has three reservoirs, lined with oooci 
or Kentish ragstoue: one at Greenwich Park, level 140 feet; 
at Deptford, level 100 feet; and one at Woolwich Common, le 
200 feet; joint capacity, 3,865,344 gallons. Daily distribution 
1840, l,07f),311 gallons; highest service, 220 feet. 

The Hampstead Company has a joint reservoir surface of 
35 acres. Daily distributiou, 427,468 gallous; highest aerrice, 
215 feet 

The metropoJil-nu district supplied by these nint" """i' 
about ID'S tudes long by 8 miles wide; total aver 
bution in 1849, 44,383,332 gallons; popuhaion supj ,^ , _, 
joint elevated reservoir contents, 200,0<X),000 gailoua 
these statements may be inferred the relation Ixirue 
Loudon reservoirs to the distribution service, as to elevation 
ca^vicity, and the general plan of arrangement adopted. 

The new supply of the Chelsea Company at Thames Di 
embraces a supply and suinmit reservoir on Putney 
6 miles from the engines and 165 feet level. It combines a 
covered and a small open reservoir, the former for domestic 
the latter for park and street purposes. The former is in two 
divisions, 20 feet deep, e.i.ch 310 by IHU feet surface; oont«nts of 
both, 10,150,000 gallons. The iu^ide slopes are 1 to 1, faced wi 
concrete, with which the bottom is covered 1 foot thick. '1 
roofing is of 8-inch brick arches on piers, with concrete tilling i 
the branches, and covered with puddling. This supply inau 
rates the constant system, ut system of constant pre&sui« 
London. 

Liverpool and Gtaggow are examples of this system as in nae 
the United States. The Bivington Pike Beeervoir ia capable 
supplying the former with 13,000,000 gallons daily; and for 
latter the liyal Linn, added to the Waulkmill Glen 
the one at 298-3 feet and the other at 283 feet level, 50 
hold 50,00< 1,000 cubic feet of water, at a point 5 mile*, fn >uj the 
A filtering apartment is in use here, passiug over 3,<Xmj,0( N) gnl 
per day. In cases of this kind, where fiat bank 8loi.»es 3 to 1 
used, they are generally protected by rip-rap walls, or a luixti 
of furnace cinders and small stones with clay. 

Notices of a few reservoirs in the Umted Stat^t will serve to 
illustnite the subjects of discussion. 

The Beacon Hill Keservoir, Boston, is the most elaborate 
structure of its clasji. It is a rectangle, built above the 
grades, the walls being from 41 to 5y feet high. The nutsii 
walls are built iu solid cut granite masonry, with a heavy oi 
mental coping, the inner walls being of the same material, 5 fi 
thick at the imse, on a concrete bed, and 3 feet at the top; 
floor is paved with concrete 3 feet deep, and covered with t 
courses of brickwork. The level is 12i'53 feet, dejtth of watcx 
way 13*5 feet, contents 2,678,961 gallons. The average depth iu 
1861, in couaequenoe of extraoniiuury city consumption wu 
9 feet 

The Murray Hill Reservoir, New York, is built in two disti 
divisions, with retaining walls of heavy stoue mason i ' T 

cells being constructed arotud the entire structure, i 
face walls; its coping grade is about 49 feet above ttit.- .vu-c-tt. 
It,'* division wall is of concrete faced with rubble masonry, 18 feci 
wide at base, 7 feet at flow lin<-, built on a concrete ^^'' -"■! 
carried up to copiug level. Its inner slopes, 1 to 1, jn 
stone masonry 15 inches thick, to 4 feet above b<itl<juj, 
they are covered with 12 inches of concrete, also contiuo 
the whole floor Its level is 112 feet; coutent«, 38 feet 
21,000,000 gallons; its inner size is 386 feet square. Its flow U 
is 4 feet below inuer coping. Its ordinary depth is ab<^ut on 
third of its full depth. 

Pros[)ect Hill Roservoir, Brooklyn, is built in earthworki' 
The inner slopes, 15 to 1, are puddled 2 feet thick, covered with 
3 inches of concrete, and 8 inches of brickwork to the top angle, 
which has a coping 3 feet wide, on masonry bed. The floor ia 
puddled 2 feet deep, covered with 4-iuuh brickwork grouted. Its 
contents are 20,IX)0,(K)0 gallons, depth 20 feet, level 197 feet 
The Cleveland Beservoir is an embankment, with a base 
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feet above gratle. Earth retainiug banks *re cooatmcted 25 feet 
bigfa, inner alopes 1'75 to 1, outer 15 to 1. The slopes and floor 
are ccvered with 2 feet of puddling, with a facing of brick 
■lasonry, Its depth is 20 feet, level 150 feet, contents 6,000,000 
gallons. 

The New Reservoir, Fairiuouut, completed iu 1852, is of earth- 
wotIc, with inside slopes of l.") to 1, lined with puddled brick-ciay 
12 to 15 inches deep, covered with a layer of coucrel*, on which 
4-inch brick mnsonry is laid; at the foot of the slope the brick- 
work abutment is 8 idches thick; the bottom is puddled, covered 
with brick laid flnt and grouted. Its water surface is over 4 acres, 
coutente 20,321, 3!)iJ galls., def.th 16 feet, level 98-14 feet This 
oompletea the group of five divisions for this district, which are 
nsea for subsidence and supply, and aggregate 47,218,028 gallouB 
capMity. 

The Belleville Reservoir, Jersey City, N.J., is of earthwork, 
with puddle^l slopes and floor, inside slopes T-'ito 1, covei"e<l with 
concrete mortar and 4-incli brickwork, which is backed with 
rubble masonry for !> feet below top angle, 18 inches thick. Level 
158-83, contents U,(i(X),ono g.-dluus, inner size 323 by 396 feet; 
level offeree tube «iischarge Ui(i79. 

The Louisville Reservoir is built in two connected divisions, in 
earthwork, the banks being carefully worked dowa; inside .slopes 
r/5 to 1, covered with 4-inch brick masonry, which is 6 inches thick 
to a point 6 fl. above bottom, the floor being puddled, and eovere<l 
with two dry flat coursea of bricks. Ita level is 150 ft., depth of 
vat«r 20 ft., division banks 12 ft. high, and 12 ft. wide at top; 
oontauts 7,000,000 gallons; height of standpipe 180 ft. 
The Detroit Reservoir ia built iu two distinct divisions, with 
bankinents of soluble clay, carefully made, with interior pud- 
dle walls. The inner slopes are 15 to 1, faced with 4- inch brick- 
work, commence<i with the iuten<led use of 3-in. ojncrete backing, 
which does not appear to have been completed. The upper wall 
^r&s laid in a temporary manner. lU level is 77 5 ft., contents 
7,592.704 gallons, depth S.O'S ft., flow line 3 ft. below top angle; 
division wall 10 ft. wide at top. 

The Manhattan Reservoir, Now York, is built in two distinct 
divisions of ditferent areas and depth.s, which can be connected by 
u pipe 15 feet below flow line. It has earth embankments, with 
outer retaining walla of heavy masonry, laid dry and pointed with 
cement. Its interior slopes are 1'5 to 1, paved with heavy dry 
wall from the rock blasted from its bottom. The banks have in- 
terior puddled walls. Its depths are 20 and 25 ft., water solace 
31 acres, contents 160,000,000 gallpns, level 115 feet. The floor 
is JMirtly on rock, and is not puddled. 

The new Croton Reseiroir, under the sjMcifications of 1857, is 
built of earthwork, in two connecte<l divisions, the t(.>p of division 
.11 being 3 ft. below flow line. The banks, which are 15 ft. wide 
top, and 4 ft. above flow line, have interior puddle walls; the 
inside slopes are To to 1, covered with an 18-in. dry wall laid on 
8 ins. of siu.1.11 stones. The head of the division bank in protected 
by 16 ins, of rubble masonry on H ins. of concrete, carried with 
10 ft. face down the slopes. The puddle walls are commenced on 
concrete beils, or the rock-face, the floors not being puddled. Its 
depth is 3s ft., water area 96 acres, contents IjOSQib'SO, 1 4i3 g.al la, 
iN, Y.), level 115 feet. In 185^, the plan of slope lining was 
changed for a wall of solid rubble masonry. 

The Hartford Reservoir is small and irregular in form, built in 
earthwork, of compact material. Its inner slopett vary from V5 
and 2 to 1, on ditferent sides, and are faced with two ooorsee of 
dry stone, each 9 inches thick. Puddle walls are built in the 
hanks. Its depth is 30 ft, greatest inner length 395 ft., and width 
1M7 ft.; contents 7,830,t)00 gallons, level 120-94 ft. 

Ridgewood Reservoir, Brooklyn, is of earthwork, in two 
distinct divisions. The puddling is made 2 feet thick on all 
slopes excavated, and iu w.ail8 in all embankments, being caro- 
faliy connected with the d<x)r puddling, which is 18 to 24 inches 
thick. The inside slopes, I'S to 1, were covered with a dry wall 
of IC ins., and had a G-\n. backing of small stones for a depth of 
8 ft. below flow line. Thi.^ being injured by the action of sui-face 
.waves in 1859, was carefully relaid where necessary, and pointed 
a depth of several iuckes in cement. Its depth is 20 ft., water 
fiioe 25-61 acres, contents 153,956,402 gallons, level 170 ft 
The Brookline Reservoir, Boston, which is chiefly a natural 
bosin, has its inner slope lined with dry stone 18 ins. thick, for a 
belt of 14 ft. in width. This width was increased on account of 
the action of surface waves and ice. Its depth varies from 14 ft, 
to 24 ft.; contents 89,909,730 gallons, water suHaoe 6 ft. below top 
bank 22*31 acres, level of this surface 120*6 ft 



All the reservoirs of this country are arranged apon the 
constant service system, although instances occur of the tue of 
8tandpi|)e8, which are mtide to act as reservoirs under this prin- 
ciple, as iu the Twenty-fourth Ward works at Philadelphia. 

THEORIKS OF CONSTRUCTION. 

The object in presenting this rapid sketch of ancient and 
modern practice, is not for the pui-pose of describing the several 
details of arrangement, but rather to illustrate certain general 
and importjint priuciplea which have been seriously neglected, and 
need to be specially lecalled. 

As to the use of reservoirs, it is obvious for many reasons 
(which we need not pause to discuss, although involving interes- 
ting questions) that between the practice of the ancienta and 
many moderns, iu the resort to street fountains or small house 
cisterns at low levels, and the system of intermittent supply, as iu 
Loudon — and the service with adequate distribution, under con- 
stant pressure, as with ns— safety, convenience, and method 
stningly favour the latter. All the losses which it may involve iu 
supply are fully compensated by attendant benetits, and tlteae 
m.-iy themselves lie guarded with proper care. 

But the princi|>le8 of arrangement which we may derive from 
and add to the practice of the ancients, may properly demand our 
first attention. 

There is a general, and perhafw naturid, popular impression 
that water, from our familiarity with its flow in large and small 
quantities, its common use, its value as a beverage, and its clean- 
sing properties, is easily controlled and confined, and essentially 
clean and pure; but the engineer who has had to struggle with its 
enormous weight, its insidious and incessant or its abrupt and 
overwhelming energy, its exquisite mobility, and its wonderful 
solvent power, and who has studied the constituents of its natural 
state and the laws of it^ purity and impurity, understands the 
fallacy of this popular idea. 

It is evident also, that nothing new has been learned on this 
-subject iu hydraulic theory, and not mu^h improvement has 
bei«n made iu practice, since the Jewish monarch Hezekiah dis- 
tributed, under pressure, the supply of Gihon into the city of 
David. New combinations of old things characterise present 
professional practice, much of which, as we propoae to ahow, ia 
degenerate. 

All hydraulic constructions of the ancients were exceedingly 
Bubstautinl in character, many of tliem yet remaining in u.se. 
Their aattUce and ci»tern^, as their aqueducts, testify to-day of 
the care exercised in stone and brick, in cement mortar and lining, 
and in proportions of construction. This may be defined as ono 
prominent characteristic, which illustrates their knowledge of the 
element they intended to subdue and confine. As a second point, 
it may be noticed that their ju^unductfiand reservoirs of all claeses 
were atrefully covered; that distinctions in use wore made in the 
qualities of water auppHed; and that provisions were mode for 
depuration. 

We also observe that the scale of reservoir capacity has been 
greatly enlai^ed in modem times, involving a necessary change 
in materials; and that in the European school, and a few instances 
with us, reservoirs in earthwork, with artifici.-il slopes, at less 
than the angle of repose, are protected by substiutial water-tight 
lining. But these mstances are rare, being the exceptions to a 
rule which cannot be approved, and which in practice has univ«r> 
sally condemned itself. 

The principle of constant service in itself involves the use of 
reservoirs of great capacity, since the consumers are not prepared 
lor any loss of supply; the use of earth embankments for such 
reservoirs is in several respects advantageous, and a regard for 
economy in apace and cost favours the use of artificial slopes. 
As constant service also requires elevated reservoir location, 
where losses and accidents are enhanced in importance, the 
question of proprietv in construction with us is national. This 
question has two divisions — proper stability and proper depu- 
ration. 

StabilUy. — All earthwork of artificial slopes in contact with 
water is exposed to absorption and solution under static pressure, 
a condition increased by relative head, and is readily disturbed 
when exposed to water in motion. Either action ia injurious, and 
should be prevented. The solvent and i>enetrating power of water 
on an embiinkment is liable to produce threads and eventual 
streams of leakage, against which provision inust be made. For this 
purpose puddling is applied. But puddling being in part or wholly 
oomposea of clay, is itself peculiarly hable to destruction from water 
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in inntion, and hence reqaires protection; and a very common 
practice is, to place heavy pyraaiid walla of it in the centre of 
embankraeuta, by which the preserver of the earth ia to be pre- 
served by earth. This involves an error in principle, since the 
earth embankment, from its peculiar properties of resistance, is 
what va relied upon to sustain the enormoas thrust of the water 
prism, and its figure uught not to be tbna divided into thre« 
disttuct bodies and states of body with two distinct kinds of 
material, of which the face of the centre body is so formed aa to 
thrust the inner embankment towards the foot of the slope, in 
case it has any tendency to motion from saturation or otherwise. 
There is no propriety then in placing puddle walls within an 
embankment, for the protection of the embatikmetit, nor is there 
any propriety in building the base of a puddle wall ou the mate- 
rials it is intended to yirotcct, if sach baae is not estende<i over 
the water floor o{ the reaervoir, so aa to prevent leakage precisely 
where the greatest pressure makes it most apt to occur. Especi- 
ally is it erroneous to build the foot of a puddle wall on a rock 
faoe, along which water readily finds it way, aa water joints cannot 
be nuvde between smooth rock faces, or wood or iron, and clay, 
with any degree of certainty. 

Evidently, then, the stability of a reservoir of this kind depends 
as to ihm point nn the integrity of its embankments, and these 
cannot be protecteil except by alisolutely water-tight facing aa to 
the inner slopes, and Mooring as to the bottom, and for such £acing 
puddling is not in itself suHicient. 

The stability of a reservoir is affected by the relative force and 
volume of its inlet and outlet currents; by the saluration of its 
inner slopes, which exposes them to the action of the frost, to 
diminish solidity, to slides and to leakage: by the action of sur&ce 
waves, which act as breakers, and are created and affected chie6y 
by the force and direction of winds, by area or length of travel, 
by relative shallowness of depth, and to which broken ice at times 
ailda abrasive power; and by the action of muskrats and other 
animals of the kind. These several actions a]>ply to the 
bottom, the slopes, and the top angles, as also to the embank- 
ment prisms. 

The use of dry slope walla is, therefore, defective in principle, 
since they freely admit the passage of water into the hanks, with 
all the effects of saturation, solvency, currents or waves, which 
such an open struct ura cannot but transmit, either to puddling or 
earthwork, to a greater or less extent. It is only in modification 
of effect that they are beueBcial, and these benefits depend ou 
their thickness and tightness, and the relative trower of injury the 
water may have, under ordiiwiry or extraotxlinary contact and 
agitation. 

Puddling carefully made, from proper materials, and worked 
dry is in itself, as a compact homogeneous body, admirably 
adapted for trausmittin^ to the prisia slope of an earth embank- 
ment on the planes of its surface, when itself properly built or 
tilled, the thrust of the water prism; and when thus laid on the 
slope it can be very conveniently and cerlaiuly united with the 
floor covering; hence the eminent propriety of its use in this way, 
And for this purpose. And froni the obvious necessity of its pro- 
tection from the water, follows the um of cement masonry, of 
solid and durable character, over ita entire exposure. 

The instances which abound in illustration of this theory of 
absolute protection, based on the beat ancient and mculem 
practice, ought perhaps to be discussed at length, but will be 
Cri'upwl hei-e for the presenL Of the list of United States reser- 
voir* presented, only the first four are free from gi-ave objections 
on this point in construction. When it was attempted in IHM to 
draw down the Brookliue reservoir, the saturated banks followed 
the water; when the Hartford reservoir was filled in part, the east 
bjitik slid out, forming a new slope, which wa.s iu part retained; 
when Ridyewood reservoir, in 18(39, was tilled less than 7 ft. deep, 
the surface waves, uuder March winds, washed out the puddled 
and earth backing, so as to require the entire rebuilding of a wide 
belt before the wall could be subsequoutly pointeij, an event 
which changed the lining of the new t'roton reservoir; in the 
Manhattan reseni'oir, as to its walls, a glance reveals the effect on 
the bimks, although changes of water level are rare, and for the 
system of puddling, occasional rivulets of leakage on the ends, 
and the necessity of a large sewer on Fifth Avenue, are auffi- 
cienliy argumentative; the Detroit reservoir, in 1859, which had 
embankment puildle walls, with a light and imperfect brick face, 
being drawn down because the upper bank w:l.s weakened, 
brought down the entire embankment face with it, and after con- 
siderable consultation, a massive stone abutment was built at the 




foot of the slope, and a dry stone wall, 6 ft. thick at the base and 
25 ft. at the top, carried up, for the ostensible purpose of holding 
the slope in its placet 

From these and other facts, which might be much more fullj 
collated, and which are comments ou a simple theory, it may be 
takeu for granted, that no reservoir is properly constructed which 
is not water-tight in every direction subjected to pressure, and 
which is not fully protected as to it« puddling and earthwork by 
substantial cement masonry; nor does the fact that such light 
covering as that of the Belleville, the new Faii-mount, and otber 
reservoirs, serves its purpose so far well, justify the hazard which 
is incurred in its use. 

As in slope puddling it is necessary to use thickness enough Ia 
make a convenient working width, aud as it is advisable in 
hydraulic work to avoid prolonged be<l joints, and as 8 inches of 
brick masonry can he made much tighter than several times its 
thickness of stone, while the same thickness does not double the 
cost, I have preferred to use for reservoir slopes, s! feet of 
puddling, faced with a layer of concrete, and covered with S-inch 
brickwork, carefully coped, and adopted this plan for the contract 
of the Brooklyn Water Works in 18.'>6, covering the bottom with 
the same thickness of puddling, with 4-iu. brick paving, grouted. 
And with hard-burned paving brick, properly selected and laid 
in clo.se joints, such lining must prove very satisfactory. The 
same principle may, however, be fully sustained with carefollj 
built rubble masonry. 

Depuration. — Not only does the ancient and the best modem 
practice use substantial cement masonry iu reservoir lining, but 
with the former, as shown at Rome, Constantinople, Utica, &c, 
and to an important extent with the latter, as in the new Chelsea 
CoiupauY reservoir, aud others which might be adduced in the 
European scliool, the water is carefully protected from the Bun, 
and provisions are made for puriticatiou by filtration or otherwise. 

In all natural water there are three classes of impurities, 
which difTer in ditlcrent localities only in degree, and these are 
tlie mechanicai, the organic^ or vegetiible and animal, aud the 
mineral. Chemical science, which has devoted much attention to 
this subject, and the abundant results of experience, have shown, 
that subsidence correct.^ the first class of impurities, that eratioii 
and fermentation correct the second, while the third may be 
modified by aeration and flttration. From these leuding principles 
we understand at once, that while all reservoirs are depurative by 
subsidence, as well as by filtration if used, aud therefoi'e tend to 
collect these heavier coustitueats, none properly fulfil their office 
in this respect which do not furnish for consumption a surface 
supply, and their value for subsidence depends on their relative 
storage and method of use. We also understand that heat, light, 
and air are the proniiueiit agents on organic matter iu water, 
which ia also eollMted in reservoirs on account of its speciflc 
gravity, and that it is therefore advisable to prevent so noxious 
a condition as direct fermentation to a sensible degree. The third 
class is not so easily affected, but may be moderated in degree by 
the remedies for the others. 

We see then that subsideuce, titration, circulation or temtion, 
and excluaiou of light and heat, are the correct processes for 
water depuration aud pieservation, and that the surface currents 
are of ueeesaity the most pure, while the lower strata are of 
necessity the most impure. And we therefore comprehend the 
philosophy of the expensive provisions to these ends adopted in 
ancient and modern hydraulic practice. It is a question of great 
moment to determine how far, in our own school of economical 
engineering, these pruvisicma are or may be observed. 

F'or the extensive scale of many of our works, the use of cover- 
ing, which ought never to be cheap and temporary, ia almost 
beyond attaiument, ou the ground of cost; while we know that it 
would maiuUiio coolness iu temperature aud freedom from storm 
waves. It iii abo ]>laiu that filtration by artificial meujia is iu 
itself an expensive and unsatinfactory process oa any large scale, 
from the uecesdity of cotistaut renewals, if the process is at all 
couifjlete in action; although filter beds like those in action at 
Glasgow aud other pLsces are simple in construction, are easily 
renewed, aud do not add over oue half-penny cost per thousand 
gallons fur annual operation and interest of capitaL The reliance, 
then, of our own school is confined to subsidence aud circulation. 

Examiiiiug the systems of reservoir construction and use, with 
us, we have by no means a gfutifying series of evidence that due 
precautious have Iwen exercised in this re3i>ect. The use of dis- 
tinct divisions is the exception rather than the rule, and very 
rarely does it occur that coustimers are supplied with surface 
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mter, which U the purest, bat as a ffeaerol rule, the reverse ia 
the case, and the verv process of subaideace cftrries into the pipes 
vater much more impure than that of the fonntain-head. In every 
snch case, as to mechaniail and other impurities, analysis will 
show, auii has repeatedly shown, this improper effect. Hence the 
aaiTenial necessity of blowing oil' at the hydrants, the collections 
at dead-ends, the complaints common to all supplies, of causes 
independent of oxidation or other difficulties pertaining to dis- 
tributing mains, and the knowledge iu our houses of storms on 
the works by our drinking glasses. 

But if this neglect is important as to mechanical impurities, it 
becomes still more so as t») those which are orgauit These are 
at all times objectionable, oa infusoria, fuungoida, 6broua matter, 
auimulcules, and the like, for human itnbibiug, but become 
specially so when advanced by heat and light to a state of sen- 
sible fermentation, which is an effort of nature for self-depuration, 
and which is probably always at work in insensible degrees iu all 
organic solutions. 

If it be answered to this statement, that in warm latitudes the 
water and the sun have greater tendency to tbis action than with 
08, the question of deg^ree mar be admitted, bnt the facts in this 
case, derived from abundant English testimony, and from that of 
the supplies of our own country, are formidable in their waniings 
this respect. At Boston, New Britain, New York, Brooklyn, 
Ibany, Cincinnati, Pittsburgh, Chicago, Cleveland, Ssivannah, 
d other places, the rcwrds are unuiistJikablt;, and by no means 
rare occurrence, and they are witnesses of well known chemical 
which declare, that as all natural water contains organic 
ir, it needs watchful protection from its incident affections. 
Trom this process of fermentation, which is fmiuently observed 
to be at work far below an inoffensive water surface, and from the 
plain advantages of aeration and surface supply, it is sufficiently 
evident as to the principle of use, that divisions are of great ser- 
vice iu all reservoirs, and should be so arranged as to decant 
BOrfaoe currents from one to another in succession, and that the 
use of ft bottom supply is a direct violation of correct principle. 

We also learn from evident considerations, that shallow reser- 
voirs, and thos« of disproportionate storage to supply, are ob- 
jectionable the moment a reiisonable cajwicity for subsidence is 
passed. The propriety of covering the floors of reservoirs to pre- 
vent vegetation is also affirmed by numerous examples. 

If, then, we do not cover our reservoirs, or use filtering 
ehambera, or if we do, it is essential that their contents should be 
kept from contact with their earth embankments and flooriug, 
that they should be deep and full, that circulation should be pro- 
>luoted by the nse of several divisions, and that their supply 
should never be taken from the bottom; and no supply is, or can 
•be, independent of grejit need of these simple and plain pre- 
cautious, under any temi^rature. 



CONVENTIONALISM IN ORNAMENT.* 
By JoHS P. Seddon, M.R.I.B.A. 

( IT^iVA on Enffrarin/f.) 

The rise, the maturity, and tlie fal^l of the Gothic style is 
Jitrikingly marked by the energy, the hixuriaucc, and the languor 
successively observable in the ornament of ihoso several stages, 
and it is an extremely curious fact that the plants copied in its 
sculptured foliage were in the same succwssion, the opening bud, 
the developed leaf and dower, and the flacciil seaweed or languid 
thistle tuuiblinff into decjiy. Tlie progre.*! of Gothic architecture 
•was itself one homogeneous growth, which ran its course from 
youth to age evenly and without marked breaks, although for 
oouvenience we have arbitrarily divided it into " Elarly, Middle, 
utd Late Gothic;" and while we use the same aomeacUture 
in describing its ornament, it must be borne in mind that 
they all insensibly arose out of each other, as the successive 
stages in the life of the pLmta themselves whence they drew 
their inspiration. This is very observable by merely turning 
over the admirable plates in the 5th vol. of VioUet le Due's 
* Dictionnaire raiaoune' do I'Architecture, ' under the head of 
the article "Flore," which I heartily commend to the careful 
perusal of those desirous of foUovring out this subject, as aU 
who have to do with designing or executing ornament should 
da He there gives in succession a sturdy capital of the date 




* Oonciuded from page 2jl. 



1130 A.O., still half Romanesque, with its square abacus and 
lingering Corinthian arrangement, but with, instead of volutes, 
crisp stiffly -curled fronds of the fern, as the yonng plant pushea I 
itsell' out of the ground with the full sap-vigoui of tlie spring, and 
opposite to it he shows the natural type from which it was evi- 
dently conventionalised. Next you have the simple plantain 
leaves as gathered by their streams, and as orderly arranged ronn<l 
and clusely clasping the bell of a capital, showing the method in 
which the peculiar treatment of the stems of the developed Gothic 
capital arose, and of which I shall have occasion to speak a^n; 
as also of the planting of the leaves on the extremities of the 
same, and later upon the horns which project from the capitals, 
and which were derived hence: these, by the way, while much 
copied at the present day, seem to be little understood. We next 
see the lily type, besides some of the glorious conventional orna- 
ment of the Karly French style taken from it, and note the 
splendid character of the curves, strength in the stems, and the 
tempiarance throughout. We 6nd as we proceed onwards to the 
complete Gothit^, liie full-fledged oak, i\'y, maple, and vine; and 
lastly the nerveless seaweed, emulated iu the norid cxtravagan06 
of the Flamboyant, wreathed with all the grace and lack of self- 
restraint of its type, as flung hither and thither at the list of the 
waves. You may see the same for yourselves in the valuable 
collection of casts at the Architectural Museum, which possesses, 
fine examples of all this same French ornament, and of courm A 
still larger number of Ennlish examples, starting from our Nor- 
man or Romanesque, and thence onward to our insular Early 
English style, as at Lincoln and Ely, Stone C'burch &c., and the 
far finer work iu my opinion of Wells and Llandaff, which are 
almost identical; the nalunilly treated foliage of the I>eoorated| 
and the crumpled nondescript work of the Perpendicular. 

In point of convenlionidiBra the Early (jothic is in all respects 
the finest, as indeed I believe it to be in comjKirison with every 
other cLiss of ornament. I should give the palm, if it were neces- 
sary to choose between the several locid (levelopments, to the 
Early French, which indee<l seems to be the favourite style of work 
among our Mediaeval architects and carvers at this time: it is, 
par eminence, stone foliage. One would expect, if the Middle 
Gothic carved foliage of Bheims west frontal, or English Deco»' 
rated work, were painted green, that an epidemic would sooa* 
appear among the cattle, which would assuredly biowse upon it; 
but I suspect verdigris would be wasted upon the knobby 
branches at WestWalton, or the stiff soroUworkupon stately LaoD. 
All Early Gothic ornament is properly and sutlicieutly conven- 
tionalised, but there is a very great variety in its lucal develop- 1 
ments. I have noticed a very broad distinction between that mJ 
the west and east of England, this is in its modelling and arranga-j 
ment, for both arc evidently from the stime type — what it mnj] 
have been I cannot say: many conjectures have been made, but 
I do not think it is a matter of importance, for whatever it may 
have been, it has not been followed into minutite. To the foliage 
of Wells Cathedral, being well-known, I may refer you, to show 
what I mean; although I consider that of Llandaff far finer, and 
I do not think I sliidl claim too much if I say that it is unsnr-i 
passed; bnt the whole of this we8t«rn work is well worthy studyj 
I fouud a most interesting series at St David's in every gradation, 
from the Norman cushion capital to the enriched Early ?Znglish of 
this particular class.* Curiously a great many capitals are left 
unfinished, .and ouly boasted out, as if their carver had died, and 
no inferior hand had been allowed to complete his work. 

The leaves of the Early Gothic foliage are mostly trefoils upoa 
broad succulent stems, with occasional bosses of berries or bmls; 
the external edges or boundary lines are as it w6re too small to 
allow of the spaoe of the leaf to lie flatly between them, and the 
centre rib line is too long, so that the surfaceof the leaf is obligeMl] 
to double itself up transversely and longitudinally. This pecii->| 
li.irity is much more marked in the centre than in the sidef 
divisions of the leaf, so that it is obliged to get into a regul 
dent iu the middle, and the centre rib has to dive into it like %.i 
snake. an<l rise out again into a complete hump, before itcan get ta j 
the end of the leaf as it ought to do; and if vou can imagine the leafl 
to be one you could gather and press uncier a weight, it must be! 
crumpled into folds: yet with all this complication, it ia a perfectly 
8j«-mraetrieal leaf, at least it is evi'dent that its rib is central, with 
similar halves on either aide. It is true that there are often mors 

* Bat at LlAiidair are the pareat mad moat gnioaful ipedmeiu I bsve tf>u, tbo bell oi 
th« capital! Ij nnosoall; long; tli«re am noao of tbe tramitioD i<p(>dniciui an b w at 
St. David'*, iMit there an Hmp iiapl« tnunplat «hleh ttcn to be (MOTsntioaaliMNl 
frum the liari'a-tanfiM ixn with m euonaunata art ta tiM lidMu- and mon elaborai* 
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leaflets ou one side thau tha other, and constant variety in the 
forms; yet not more than you will find in the leaves of every ivy- 
bush, uot two of which are alike, yet all of which point to a 
certain typjvl fouu and law of symmetry, and each le^et has ita 
centre rib and halvM, and room to expand from ita stalk. Now 
it may seem that I am pointing out very simple and self-evident 
matt«is, which all can aee for themselves, yet I assure you I do not 
think tliul I liave ever aeen a single modern copy of this class of 
work in which all these essentials are not more or leas neglected. 
Just the general effect has been attempted, with a certain degree 
of success; hut examine nny single leaf, and ten to one it has no 
symmetry, or its rib is carried down the stem all on one side, leav- 
ing too much room for the leaflet on one side, which therefore 
looks bloated, while the opposite one is altogether starved, and 
ha.-) uo room, and looks stuck on afterwards as an after-thought, 
and the depression in the middle leaf is a mere gash, as if the 
chi'^l had been thrown at it; and the usual bulge on the aide leaf- 
lets does not rise with the central fibre as it ought, but having 
got all iuto the wrousf ])lace, gives them the appearance of 
having the mumpsi. But when the group is a compliaited oue, 
take the trouble to look for the stems, and you will surely find 
that half the leave* have none at all; and whereas in old «'ork 
yea might unravel the whole group, the moderu ciip turns out to 
be a mei*e imposture, made to look like an old one at a con- 
siderable distance, but it will bear uo close inspection. What, 
then, when you come to the l.-tte clu^s of Flamboyant or Perpen- 
dioalu* leaves of the most complicated description, and which 
ooed to be the favorite class of work until the modern fashion for 
the Early Gothic came in. Look at an old poppy-head; among 
the thousand knobs and knots, rivalling its seaweed type iu 
crumpled texture, all have their true meaning and form, and the 
leaves are symmetrical ones, that you seem as if you could gather 
and apreail out if you took the same pains that is required t<.i do 
the s.inie with the natural specimens. But a modern poppy-head 
generally looks as if it were a structure of tape afflicted with a 
rash: try to uuravel that, and you have a task which would have 
puzzled Penelope. 

I remember seeing at Norrey, near Caen, a capital (au Early 
one, by the way) decorated with foliage evidently taken from a 
crinkled cabbage, in which all its marvelloos moilelling was 
rightly con veutionalised and thoroughly worked oat; nor need this 
seem astonishing, bt^cause a carver who can thoroughly draw and 
model a single leaf, can with more time and patience do the other 
also. Why then cin, or rather, do not our carvers do the like 
(for I am sure they might easily do it)< For this reason, that 
they never take the tnmble thoroughly to work out and conven- 
tionalise one of the simplest leaves, They will do you to onler 
whole arbouns of oak or ivy, or whatever you like. "Crinkled cab- 
bage would be uothiug to them; oh! they know it all by heart, — 
have they not learuetl their trade f — though, by the bye, I can- 
not conceive where, fur I never «ee in their studios any appearance 
of even the apprentices being set to draw or model from nature ; 
occasionalty one finds a cast of a natural leaf or two, and some 
c;ists from old work, aud not too many of these eitlier. There is 
not time now-anlays to study rightly anything; so the masters 
carve foliage, nay even figures, with angels and arahangela to 
boot, like the German prolessor, from their innate consciousness 
of what they ought to be; aud the apprentices carve from their 
masters' work, without so much as the wing of n goose being put 
before them to improve their ideal oonceplitm of the "mighty pens" 
iif St. Michael; until they also have learned their profession, aud 
become themselves^ masters in Isrnel. I will allow, indeed, that of 
Ixte a school has arisen which gives us a very fair imitation of 
Early French Gothic conventional foliage, and oue does rejoice 
much that so manly aud vigorous a type should have been selected; 
bat then it is not carried out as the old de.signers would have 
done, by seeking ami dev«lopiDg for themselves fresh types from 
nature. So that it h.is alrea<ly degenerated into mannerism; and 
in the search for piquancy, the leaves have begun to look Hke 
ornamental glove-stretchers; and I am sorry that in many other- 
wise tine works iu the International Exhibitioa I uotioe there is 
ft great admixture of an clement that seems to me to he like the 
rococo of Louis XV., with its shells and knucklebones, over again. 
This i-5 conventionality indeed', but that of a class that is "at 
variance with the strict canons of taste and propriety." 

But I have been pointing out rather what is not proper conven- 
tiotuilisra th.in what is, while I anxiously desire to give some satis- 
factory explanation of whit is the "artificial treatment" which at 
the outset of this paper it w^ stated is " requisite to maintain 
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consistency with regard to the material purpose and position ol 
ornament," and having referred mainly to carving in stone, 1 wil' 
for the s;ike of simplicity confine myself to that. I think it con- 
sista principally of knousing when to »top, for 1 find that our own 
carvera understand conventional aud natural ornament as two di»> 
tiuct irreconcilable things. If you ask them (as the committee 
of the Architectural Museum asked of those who competed for 
their prize for a capital from the hawthorn type) for convention- 
alised nature, they are utterly in the dark. They will reply, thej 
can give you Early English or E'lrly Freuch, Decorated or 
Perpendicular, conventional ornament or natural — as you please; 
in which case you get either the ordinary copies of old work, or 
thin metal-like luoking stuff, that proviucial papers go into fits 
about, assuring their renders that the enlightened carvers in fine 
frenzy roamed all the woods and hedges iu the neighbourboodf , 
and immortalised every weed. But in the case of the hawthoru^ i 
for which the puzzling addition of conventionality was requestec^l 
in this instance, it was evident by the results of the competitioa] 
that this was understood to mean that it was to be as unlike' 
the real thing as possible, and the getting a spray of the plant 
to look at was deemed to be perfectly unnecessary. 

Now to make in stone a good conventional copy of a leaf 
requires uo search into innate consciousness, but simply to hare 
a leaf before you, to select such features of it as can be well repre- j 
senteil iu the material, aud to omit those that cannot be so. Vol] 
can give the outline and form, then let us have it accurately and 
truly — but the thinness, leave that to the metal-worker. You caal 
give the general modelling; be a-vreful to give this tndy — but noil 
the miuutiffi, which in the position your work is to occupy would ^ 
be lost, or look finicking. We do not care for the jagged enges and j 
veiuiug on the surface, — give us the heart and spirit of the thingi^^ 
the flow and the grace of the curvature. Do not let your leave* j 
loll about, but be planted firmly on their stalks; and let the stalk* 
be well rooted at their base, and spring as if they would go straight < 
upwards until dragged down by the weight of the leaf, like a pieo»| 
of whalebone with a stone at the end; then you will get a line Uk«< 
those iu the draperies of the early painters of Italy. Attend to 
this, particularly iu the stemming of the horns of foliage in the 
bells of your capiUds, which are always right iu old work, and al- 
ways wrong in modern. And last,.iud not least, get gradation every- 
where; for if you ttike sections through different parts of either 
leaf or stems of good class, you will find it never in two places 
alike, and always to have a dear, definite, and beautiful curvature; 
while you may cut ticross a moderu stem in a dozen places, and 
hardly find the section vary, and one taken through the leaf 
geoeriilly resembles that through a dilapidated batter-pudding.! 
The true and somewhat fair excuse for this hurry and want of 
precision in moderu work is the competition, which forces a large 
amount of work to be done in a very limited time and for a very 
small price. Now architects have the remedy in their own hauds:.^ 
let them be content with a very little ornament, if necessary, aud | 
seek quality instead of quantity, — there is plenty of talent among 
our carvers, they only want to be shown what is wauted, and 
fairly paid for doing it, and they will soon be able to do it. But J 
then architect* must be able to" show them what they really do ^ 
retjuire, aiiJ must learn to design and moilel themselves before 
they can teach olliere. 

Better however th.an the best of foliage, is art that tells a tale, 
and expresses somethiug more than dumb nature, however well 
it may be conventionalised; let us therefore determine to get as 
much as we CJin of sculpture ami painting of a higher class iuto 
our buildings, then we can spare some of the foliage; but what- 
ever we have, let us take care that it be of the best. 



THE ECONOMIC CN^NSTRUOTION OF GIRDERS 
{Continaed from page 'iS'i.) 



GIRDERS OF GREAT SPANS. 
\y our last paper we arrived at the formula for the weight of J 
a double girder, 

SA(W,-|-F) 



G = 



1— ^* 



(3) 



and from this we drew some general conclusions as to the ulti- 
mate spans. 
We have now in the first place to determine the valuta to be 
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■ajgued to F for ffiven spnns; F b<?iug the tota] deatl weight of 
the portion of the complete structure required foroue line of 
nulway, exclusive nf G, the weight of the bare jprder. 

The moat anonialous part of tlie structure ia that addition to 
the girders rendered necesaary hy their having to act iu the 
eeeondarv capacity of booms to the fabric, when euga(;ed in re- 
sisting^ the lateral pressure of the wind; the webs in this action 
being represented by the strata of horizontal bracings. 

Misled by the miDuteneas of this addition when the span is 
abort and a considerable width is given to an openwork struc- 
ture, we 8p.ike of it as of such nioderate amount that it might 
geaerally oe treated as covered by the value 35 taken for the 
sftotor of safety; in extreme or peculiar cases alone a separate 
prrovision becoming nece^.sjiry. Actual calcidation has however 
pointed out to us that this addition becomes so very considerable 
Hn the spans increase that, although doing so mars the simplicity 
of the investigation, we must make an independent allowance 
Tor it. 

Notwithstanding this modi6cation in our views, we still oon- 

er that the general factor of safety shoold be taken of a uniform 

ue (3'5) for cases in whicb the dead weight amounts to more 
than a certain percentage (71*4) of the movable loading. Any 
apparent excess of strength that this may give for the girders of 
the longer spans will probably lie required to counteract the 
greater destructive elTeet of the wind, arij<ing from the virtually 
increased suddenness of application, and the increased chance of 
the wind impulseB corresponding with the oscUlationa of the 
structure. 

The metal adde<l to the girder, to resist the longitudinal 
stresses resulting from the lateral action of the wind, may for one 
double girder be represented by the letter E. Tliis is generally, 
but not necessarily, incorporated with the booms of the girder. 
It is to be rem5rabere<i that E is to be treate<i as part of F, not of 
O; G must be takon for the weight of those jiartJi alone which 
are directly employed in supporting the whole weight and loading 
acting vertically. 

The amount of E will vary so much with the nature of the 
structure that any formula for it roust l)e of limited applicability, 
and employe<i with caution ; we shall endeavour however to 
arrive at one which will be suited to the general arrangement we 
bare chosen for bringing out the comparisons — viz., two double 
opeovork girders placed 27 feet apart from centre to centre, 
prepared for the support of a double line of railway at tlie lower 
level. 

The resistances to the wind will consist of that offered by the 
structure itself, and that by the trains; estimating these by their 
amount per foot run of span, the latter will be constant, but the 
former will increase somewhat with the span, the sum of these 
resistances, which we may denote by the letter r, will be pretty 
accurately represented by this formula: — 

Resistance to wind in) _1 J^ 

tons per foot run... /—''" jQo VS-J- ,f, ••• W 
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The whole aide pressure on the structure will be = Sr, therefore 
the sum of the Btresses induced in eacli girder at the midspau 
will be — 

=^81^7=216^^ (^) 

This is to be distributed between the two booms of each girder, 
•nd as it may be either a tension or a compression, according to 
{he direction of the vnnd, \ye must estimate the portion taken 
hy the lower boom as a tension, and the portion taken by the 
upper boom as a compression. If the roadway be at the lower 
level, considerably more than the half will be brought upon the 
low«r boom; but for our present purpose we do not need to 
determine the proportions in which it is dealt out to the booms, 
since to cover the expense of material for joint-plates, loss by 
rivet holes, &a, we may take the same allowance of metal for the 
resistance of compressive and tensive stresses — say one inch for 
every four tons. The whole stress then divided by 4 gives us 
SV-f-864 as the sum of the additions to be made to the sections 
of the booms of each girder at the midspan. Now the booms 
being otherwise strong at the extremities, we may calcnlate the 
additions made to the sections at other parts of the span as in 
exact proportion to the stresses; therefore the total increase of 
weight in the booms will be given by this formula, E being the 
increase of weight in tons for the whole of the double girder — 



E=^SxO-0015x4 



sv= 



3»r 

864000 



877 



(0) 



The following table will give an idea of the importance of tbea»j 
additions; — 



Span, In twt. 


r. In loD«. 


100 


•200 


200 


•241 


aoo 


. • -273 


400 


•300 


500 


•324 


tsoo 


•345 


700 


•365 


soo 


•383 



T.VBLE I. 


• 


Iiicr4raM of ■wtiOD at the 


tucrMM of welgkt 


midnMiB in aq. iucbea. 


orKiiatoiM. 


2-31 


0-28 


IMl 


2-22 


2811 


8-40 


£5-55 


22-22 


93-72 


46-R« 


143-7 


86-22 


207-0 


l44-»0 


283'6 


226-88 



The HoRizoirrAii aitd TaANSVERSE Bracivos. 

We have now to calculate the weight of these. The horizontal 
bracings may be arranged in two or more strata. When the 
number is more than two, that is when, besides the bi*aciug at 
the top and bottom of the girder, one or luoro bnicings at inter- 
mediate heights are introduced, part of the meutl E treated of 
above as generally incorpurated with the booms must be detached 
therefrom, and affixed where the horizontal bracings join the 
web. The existence of intermediate strata will strengthen the 
struts of the web, but may occasion the conaumptiou of some 
more material iu the horizoutal bracings themaelves; which how- 
ever will be compensated by a saving in the transverse bi-acings. 

In the principal stratum of horizontal bracing, or that at the] 
level of the roadway, some saving may be effected by making use 
of the transverse ginlers as strata. 

In very many cases a considerable saving of material will arise 
from making the parts of a horizontal bracing double-acting, su 
that every part will be of use, on whichever side the wind may 
blow. This saving will become more significant the greater the 
stress to be conveyed, since the efficiency of the parts to act at* 
struts becomes thereby greatly augmented. The saving on this 
account in large structures (the lengths of the parts being nearly 
constant) is so important that it may be looked upon as fully 
counterbalancing the increase in the value of r, as exhibited iu 
Table I. We consequeatly find that a very simple formula will 
express with sufficient accuracy the weight of the horizontal and 
transverse bracings, taken together and estimated very liberally. 



Weight of horizontal and transverse ) ga . c/vno 

bracings for each line of railway... / 



(7) 



The results for various spans will be found in col. 3 of Table II. 

Thb Tkanstverse Girders or the Roadway Platform. 
If these are made pretty deep, and placed, say 6 feet apart, we 
may take them with fiistenings complete at 1*8 ton each; this io 
equivalent to 0*15 ton per foot ruu for each line of railway. 

The Plankino, Lonoitodinal Bearers, &c. of Timber. 
We may take the united sectional area of these at 12 feet for 
the whole bridge, which with an allowance for fastenings, and a 
protecting coating of sand &c., may be estimated as amounting 
to 0-15 ton per foot run for half the width of the bridge, or for 
one line of railway. The total i-oadway platform, &c. which ooa- 
stitutes the constant portion of F, may then be estimated as 
follows, for one line of railway, or per double girder. 



Trausverae ginlers 
Planking, balks, &c 
Permanent way 
Handrail 



Total 



O'l 5 per foot ma 

0-15 

0-0(f 

0-01 

0-37 



Weight of roadway platform, permanent way, including safety 
raih, v*^c., and all other dead weight excepting 6, E, and the 
horizontal and transverse bracings, 



And therefore 



=3X0-37 

F=E-f „S;:+oa73 
8000^ 



(8) 



The following table exhibita some of the values in tons of F 

and its components:^ 



<» 
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Spu. B. 

100 . ... 0-23 

200 2-22 

800 8-40 

iOO 22-22 

fiUO 4«86 

flOO 8«-22 

700 144-90 

HOO 226-88 



Table II. 

H And T brscioKB, 



+ 

+ 
+ 

4- 
+ 
+ 
+ 



1-25. 

6-00 
11-25 
20-00 
81-25 
45-00 
flr25 
80-00 



+ 
+ 
+ 
+ 

+ 



FUtfonn, &0. 

87 : 

74 : 

111 -. 

148 : 

185 : 

222 = 

259 = 

296 : 



F. 

38-48 
81-22 
ISO-S.? 
190-22 
203 11 
363-22 
405-15 
602-88 



We DOW proceed to aaoertain the values of k for various struc- 
tnrra, treated with different valnea of the factor of safety. 

Formula (2) gives us k= ==5, wherein W represents the whole 
Wo 

LmuI supported, and supposed to be uuiformlj distributed over 

the span. 

Let us first take, as perhaps the simplest possible example, a 

solid rectjkugular bar of wrought-iron; and let us assume tliat a 

bar oue inch ."iquare placed on sup[)orts one foot asunder becomes 

destroyed, for all practical purposes, br a central load equal to 

one ton, or two tons spread uniformly over its length. Then 

calculating our elements for such a bar we have, O = '0015 too, 

W=2-0015 ton, S=l. And therefore 

■0015 

And fr,.5=3i*,=-002622. 
The ultimate span to which such a bar could be extended 
-without breaking down under its own weight, supposing no 
lateral disturbing cause such aa the wind to exist, would be 
=1^-000749=:1335 feet. And the utmost span to which under 
similar cii-cumstances such a bar could be extended, bo that the 
fkctoi of safety should not descend below 3-5, would be 

= l-r--002622=381 feet. 
If the effects of the wind were introiluced, these ultimate spans 
would undergo reductions, according to the narrowness of the oars. 
In the above example the span is twelve times the depth. To 
show, in a simple manner, the ittfluenoe of the ratio of the depth 
to the Hi:ian upon the value of k, let us take the rectangular bar 
of double the above depth. For a bar 2 inches deep, say 2 inches 
wide, and I foot span, we have O=-006, W or the distributed 
breaking weight = 2 tons X breadth X square of depth=16 tons, 
S=l. Therefore 

■006 



t.= 



=-000375, and ult 8p«n=2667. 



16-006 

This hitter bar has therefore double the economic merit of the 
other. 

As another example, let us take the Conway tube The cal- 
culation of the value of k for this is rendered a great deal more 
complicated by having to consider the amount E, of the material 
abstracted to resist the wind-induced stresses. We shall, in the 
tirst instance, assume that no wind will act upon it. Taking 
then W( or the total dead weight=ni2 tons (this is the same aa 
ia onr calculation at page 194, but must be an under-estimate), 
;»ud Wj=400 tons, we found T to be equal to 7-18 tons, and 
C'r=5-06 tons; so that the factor of safety, as measured from the 
tension, i8= 19 -i- 7* 18= 2-65 nearly. G m.-iy here be taken eqnal 
lo 1050 tons, no value for E, hut only keelsons, &c., which are 
not directly concei-ned iti the girder nclion, having to be deducted. 
We have then F=62, W=1612. And therefore 

*-= 1W400='^^^^^' 
A,=-O00655, aiid k^.^—002i93. 
And the ultimate spans (the proportion of depth to 8pan=l:lS"35, 
page 234, being maintained) would be as follows: — 

With factor of safety =1, Ultimate Bpan=1527 feet 

2-66, „ 576 

3-5. ,, 486-2 

We see then that even were no such antagonistic force aa the 

wind to exist, it would be almost impossible to ooastruct the 

Conway tube with a sufficiently high factor of safety, the 

economic merit of the atrufture hieing so low; with a viUue of 

A^j=-002292o, 8=400, W,=400, and F=:62, we find by formula 

'00917 
(3) the weight of G alone to be= .7;,^^,, X462=:5152i tons. 



We offer the following as an approximate calculation when the 
effect of the wind is to be allowed for. At page 1 96 it was shown 
that the wind estimated at 30 lb. per superficial foot causes, at \ 
the edges of the booms, a stress of tension T equal to 1-875 tons, 
or eT=r4 tons. Now here occurs the principal difficulty iu the I 
calculation; we require to fix upon a certain factor in oompntinff ^ 
the amount of £ to be abstracted to resist the wind-iaduoed ^ 
stresses, but this factor should evidently bear some relation to ' 
the factor applied to the stresses produced by the vertical pres- 
sure of the total weight supported. If we demand for E, I inch 
of sectional area for every 4 tons of stress, although this ia 
reasonable in itself, it would be out of all proportion to the streaa 
to which the rem-aining material wouM be subjected by the 
vertical pressures; this great discrepancy being caused by the 
excessive weakness of the structure. We shall, therefore, give 
the results for different ratios of section to stress. 

lat. When E is calculated at the rate of 4 tons per inch (that 
is for C and eT, but not to cover joint-plates), the wind stresses 

1-4 
appropriate the -- part of the whole section at the midspan, or 

503 inches; and the weight of the iron thus taken from G will be 

= -503 X400X 0015 ton = 201 tons, to which we may add 4tt 

tons for the proportion of joint-plates; this makes E=250 tons; 
Fwill therefore be=62-|- 250=312 tons, and 0=1050-250=800 
tons; Wj=400, and W.=1112, as before. And to obtain the 
value of the &ctor of safety, since the metal left for girder action 

is only=( 1 — - J-^-r- of tbat which gave T=7-18 tons, the 

2*6 
value of T will now be=7-18-r . =11'06. The excess of T here 

4 

given over the value 9053, obtained at page 196, arises from the 
discrepancy above referred to. From these data we readily 

19 
deduce the following factor of safety= - — =172. 

11 '05 



n 



*,.. 


2 — 


800 


= 001323 


1512 X •loo' 


*, 


t^ 




-000769 


^a-s 


= 




-002692 



The ultimate span with this latter value (which corresponds 
with the proper factors of safety) would be OKly=l-f--002692=: 
371 J feet. Showing that it would be altogether impossible to 
construct a bridge on the system of the Conway tube — having an 
effective depth like it of less than l-18th of the span, which with 
a movable loading at the rate of 1 ton per foot of span, and sub- 
jected to a windstorm equivalent to 3U lb. on the superficial foot, 
would still have a factor of safety equal to 3*5 — unlets the tpan 
were under 'SI \\ feet. 

2ud. When £ is calculated at the rate of 6 tons per inch, the 
part of the midspan section appropriated amounts to 335 inches; 

6 — 14 

so that, T being now equal to 7-18-^ =:9-365, the Cactoe of 

6 

safety against gravitation will have a value equal to 19-f-9-365=: 
2-03 nearly; and E, taken with the same proportion lor joint- 
plates as before, amounts to 167 tons; therefore G=S83 tons, and 

k ^^^ —001 IC 

^°^~ 1512X400 ^^• 

This is a very near approximation to the true state of the 
C'ontvay as calculated at page 196; we there have the factor ct 
safety= 19-5-9-053 =2- 1 nearly. The corresponding value of * 
will be given with sufficient accuracy from the above — thus 

2-1 
Arj.,= — X -00146 = -00151, 8ay = -0015. 

From this we obtain approximately the ultimate span for the 
Couway tubes under their present condition of stress, &c., 

= l-i. '0015 = 667 feet. 

We might proceed to find still more exactly the value of fr-j 
for the Conway, but it is not of sufficient consequence, since todi 
would not be applicable to other spans, without a separate esti- 
mate of the value of F for each. 
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We ahall now endeavour to arrive &t correct valaesof A for 
openwork girders, such aa describerl i\t pages 160, l&i, &&, having 
a depth equal to 1 -8th of the span. 

WbeD the npan is short, the fJMtor £ m&j be neglected; and 
therefore G becouos identical -with the weight of the girder. 

Cooaequently we have, G=tahular number X ( ^) 

For these girders, Wj i8=jS tons, W,=S tons, W=lj|3 tons, 
and the factor of aiifety calculated from the moat severely stressed 
parts la aa nearly as may be= 1. Therefore 

*♦= wa =Tab. number X ( -^'-f-li 8»= -— of Tab. number 



k^ = „ - Tab. uomber, and kt.^^ ~—-~ Tab. number. 
^ 384 ' " 1097 



For the lat and 9th forms (page 16-1) with the load at the 
lower level, the tabular numbera are respectively '1078 and "lOlO. 
I L'oiiaeqtiently the values of Ar are as follow: — 

^^ First form /t,= 000281 ' ivi=^ '000983 

^^ Ninth fonn it, = 000263 it^.j^^UOOOai 

^^ It has here been asanmed that the allowances of metal in pro- 
portion to stress are the same for any span. The correctnesd of 
this will be app^irent, when we consider that W, the total load 
BupfMrted, increases much more rapidly thaa the span; and if 
exactly the same pattern of girder were retained, would warrant 
ma increase in the value of C for the bracing struts. As however 
it Is necessary to provide a greater number of points of support 
to the roadway in long spans, it becomes necessary either to 
supply suspension rods, or to cut up the simple bracing into one 
«>r more series, the result being that, aa stated io Prop. III., ]mge 
233, so long as the general character of the structure is retained, 
the weight O varies us Sx W. Of course, we dn not mean that 
this holds goo<l with perfect exactness, but it is sufficiently accu- 
rate for the piir^KJses of a general view of the subject. The value 
of Ac may then be obtained from any size of bri<iL;e, since it only 
expresses inversely the eoonomic merit of any particuiar form of 
oonatruction. As some readers, from not having suSliciently 
stadied the previous articles, may not see very clearly how the 
above values of k have been obtained, we here olfer a general 
approximate estimate of the weight of a double girder. 

Ebtimate of the Wkight of ax Opbkwurk Giodbb, HAvma 

A DeITH BJUAL to 1-8TH OF THE SPAS. 

When the loading is assumed to be oonoentrated at the level 

of the upper or lower boom, the stresses produced in the corre- 

■pondiug bays of the two booms do not agree; thus, in Table X., 

page HB, the stresses in the central bays of the upper boom 

aoiount to only 22 3 units, while in the corresponding bays of 

the lower boom they amount to 24. Now in all snch cases it is 

the greater stress which ii given by the common formula — viz., 

stress in booms^WS-j-SD; and the more nnmerous the series of 

bracings and the (greater the number of triangles in each series, the 

more nearly will the .stresses in the two booms correspond with one 

another; ami it may he remarked that the stresses at the actual ceu- 

of the span are both really the same as given by the formula, 

is is a point of some importance when, as in Table XL, the lower 

m has its ceutnd bay less strained than its central joint; in 

such a case the joint-plates must be of extra thickness compared 

with the plates. Let us asisume, then, that the formula gives the 

centi-al stresses with sufficient accuracy, the error will be on the 

fe side, and will most affect the shorter spans. The central 

tional areas will be equal to WS-r-8D.(.' for the upper, and 

S-*-8D,eT for the lower boom. Now if we could vary the sec- 

Ds in proportion to the stresses, the average sectional areas 

uld be two-thinls of these central ones. We can, with some 

ipproach to accuracy, apportion the sectioua to the stresses to a 

considerable distance on either side of the midspau, hut there are 

various practical objections to reducing the sections towards the 

extremities below a certain percentage of the central ones — we 

may take these limits at about 65 per cent for the upper, and 35 

per cent for the lower boom. The resulting average sections are 

about 75 per cent, for the former, and 70 per cent, for the latter, 

and the amounts to be added for Joints and rivets about 15 and 

20 per cent, respectively; the top being uuderstooil to be built 

tip of plates and angle-irons, and the bottom of bars without 

longitudinal lines of riveting. The weights of the booms will 

therefore be as follow, C and tt being taken equal to 3^ and 

4 toils respectively: — 



Weight of upper boom, 

= u"^ X -758 x 1-16 X -0015 ton = -^-00004375 .. (10^ 

Weight of lower boom, 

= . ^ X -"OS X 120 X '0015 ton = ^^ -0000304 (11) 

When D=^ S, these become respectively 

WSx 000398 and WSx 000315. 

The Bracing. — When all the loading W is assumed to be 
transmitted through the bracing (this rather exaggerates the 
effect of the loading), then the braces at one end of the structure 
are altogether conveying a 8treas=^ W sec 0, and the length of 
each series of braces is=S sec <p. We may assume one-half of 
the braces to be struts, and the other ties; and if all the struts 
were retained of the same sectional area throughout the span, 
their total weight would be^=.t WS sec d sec<p X'0015-7-C, and 
similarly the weight of the ties would be equal to the same with 
eT substituted for C; and when 6 = 45°, these weights would 
become, — 

ws ws 

Strnts=— ^ X-00075 Tie8= -=r X -00076. 

Now if all theloading were fixed or constant, and tlie sections every- 
where made in pro[)ortionto thestreases, theaverage sections would 
be equal to half of the aeciioos at the extremities of the girder, 
and consequently the weights ecjual to only half of the above. 
Practically, we may take the average section of the struts at 70, 
and that of the ties at GO per cent, of the strongest, and allow for 
rivets and extra lengths 10 per cent, for the former, and 5 for the 
latter; so that, taking C=2| and eT=3^, we have 
Weight of bracing struts, 



wa 

= •7 — X -00075 X 110 =WS x 000281 ton 
Weight of bracing ties, 



= -6 



WS 



X -00075 X 1-05 = WS X -000135 ton 



(18) 



(18) 



Total Bracing = WSx -000366 trm. 

And for the total weight of the girder we therefore have 

Upper boom = WSx '000398 

Lower boom... 
Bracing 



= WSx 000315 
= W'SxUUOSOtt 



Total of girder takea=S long, and without | _ wax-00107e=G 
end pillars ... ... ... ... ) 

Now since k=,=- , we simply h&ve *^=-00108, *,=-00027, and 
Wo 

frTs=-000fl45. Which results are sufficiently confirmatory of 
those obtained from the tjibular numbers. 

Let ns now inquire what reduction can be made npon the 
values of k, by employing superior materials, greater depth, &c. 
From the foregoius investigation, wo find the relative weights of 
struts to ties as follows: — 

.Strutiof braciiig = -000231 "nes of bracing = "000135 

Top of girder = -000398 Bottom of girder = '000315 



•000629 -000460 

Now, if we adopt steel for the ties, we may reduce the sections 
to oue-holf; and by selecting a suitable variety of hard wrought- 
iron for the struts, we may reduce their sections by, say 15 per 
cent. The changes are as follow: — 

Propaittanal Weight of OLnler 
ProportioDsU WeiKbt of Qijrdiir when stwil U uied for tba tie*, uid 

wbun ordiuarjr wrougbviroa u lued. t^itetti wrout<ht-ir«D for 

tlMitnila. 

Struts 629 StraU 535 

Ties 460 Ties 225 

Total 1079 76U 

A corresponding reduction will take place in the values of Ac. 
Assuming the somewhat exaggerated value -001 for fr,.,, in ordi- 
nary wrought-iron girders, with a depth equal Uf l-6th of the 
span, we have the following changes: — 

Ordinary wrottght-trou. Hteel md nlMied Ina. 

*,.j = '001 000 ivj =L -000705 

*,.o = '0OO28« i-,., = -000202 

*,.,, = -OiiuSS? i,., =: -000604 

kr, = -OOOtiOU 4i = '0QO42S 
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By jucr^asing the depth of the structure, we may obtuiD atill 
lower vfttues of k: there are however objeclioiis to carrying this 
aource of economy too far. 

We have seen that the weight of the booms, compared with 
that of the bracing, is nearly as 2 to 1; if we increaae the depth 
from l-8th to l-6lh of the span, we reduce the atresses in the 
booms in the proportion of 2 to Ij, while the weight of the 
bracing, if we can retain the same values of C, ia not ntfected, the 
whole weight of the girder ia therefore reduced in the proportion 
of 3 ti> ih, assuming the values of C and cT to reniiiin unaltered; 
thia would give ua, when steel and selected wronght-irt)n are 
employed, the values of fc as follows, *, = 0001 7, *„ ='00035, 
/r,=-0(Xt>W, and *,pf=0(Ml5S). 

For short spans it might be far fmm economical to make use 
of expensive steel and selected iron, but when we have to «leal 
with very long ajtans, the ultimate saving of expense from their 
adoption will ne very great indeed: this will be evident from an 
iuspectionof the values of G, in Table IV. 

When, on tJie other hand, we diminish the depth of the girder, 
we increase in very nearly the same proportion the weight of the 
b'Tonis, without affecting very materially that of the bracing. 
Taking, for giniers having a depth equal to i-8th of the span, 
/i .^(.lOKioo aa a standard, and estimating in thia manner the 
w«iightH for other proportions, we get the following values of k 
fir openwork girdera of good ordinary wrought-ironwork, 



lUtio a( fpsn to itxpth . 

6 

8 
10 
12 
14 
16 
18 
20 



::1S 



. .1 

' .Jl 

■oc!ii:,7i 



TiLBLK III. 

, •0(111 . i" 

, ■01)1' 

•OOoSOO 

•oooin»o 

•OOlOiKl 
•0011 Of) 
•001200 






•imliHlO 

•0<ilU3 
(101286 
•OoliiS 
■001571 
•001714 



•00OS33 
•001 000 
•0011117 
•00] .:j33 

•Odlf.OO 

■001 (107 
•ooi'<:j4 
•oo-20(i() 



From defects of this method of deriving the weights, the values 
in the table for the shallow<» girders must be cuusidered some- 
what exaggerated. 

We may now offer aa example of the complete calculation of 
the weiglit G, of the whole of one double girder, and of the half of 
the complete viaduct for two lines of railway. Let S be taken 
equal to 4tX) feet as in ibe Conway lube, then W^— tOO tons, and 
by Table II., E=22 tons, and F=190 tons; therefore, when k^.^ 
is taken=-()01, we have 

Sk -4 

G= ^--gj^(W,+F)= - 690=393 tons; 

Complete girder or G + E=415 tons. 
Share of complete structure due to one line \ n a^v kbq « 

of railway, including timber, &c | -«-' + «• - o»d ^ua. 

Tliis is a very satisfactory result to contrast with the 1112 
tons of tlie Conway, when we bear in mind that the factors of 
safely are respectively 3'.'> and 2"1. 

A fairer comparison will be given by adopting a factor of safety 
equal to that of the Conway — viz., 21; although this will still be 
uuiusl towanla the deep openwork structure, in so far aa the 
value of F is unduly high when such a factor is employed. 

With a factor=21, and ordinary good iron, we have seen that 

■24 
Ay,, =-0006; so that G= — „ 690=166 tons only, showing the great 
"76 

influence which the value of k haa upon the wei:;ht of very long 

girders. Cf-f E=208 tons, and G+F— 376 tons instead of 1112 

tons. By the employment of steel and selected iron, and a depth 

equal to l-6th of tlie span, we have shown that k^^ might be 

leduced to aliout ■CKXJ36. This gives us 

0= V 590=95 tons, G-f E=117, and G+F=285 tons. 
'86 

The adoption of such a structure as this, though showing the 

same genei-al factor of safety aa the Conway tube, would not of 

course be advisable. Lot us see what is the lightest that might 

be recommended. Many engineers believe that a factor=3 gives 

ample surplus strength in large structures. Now the value of 

ky, when steel and selectetl iron are used, along with a depth 

equal to l-8th of the span, i8='UU0604. Consequently, for a span 

of 400 feet, we have 

400X000604 •241_6 

" 1-400X000604^ *^'' '7/584 '■°o wun. 



Complete double ginler ... = G+E = 210 toD& 

Half of complete' structure, fitted \ 

for two liues of railway, inctod- > = G-\-F = 378 bona, 
ing timber, permanent way, &c. } 
With onlinary iron, fr^^-OOOSS?, and benoe G=3Q8, or 120 tons 
more than when superior materials are employed. 

It then appears that, by employing an openwork Btracture 
having a deptit equal to l-8th of the span, the Conway tube, with 
a factor of safety equal to only 21 and weighing more than HIS 
tons, could have been replaced by any of the following: — 

1. A structure composed wholly of wroughl-iron except the 
planking aud other lirobci-s of the roadway, which including 
timber, perm.-vnent way, &c., would, with a factor of safety also 
equal to 21, have weighed only 376 tons. 

2. A structure as above, but with a factor of safety equal to 
3, which would have weighed only 4t>8 tons. 

3. A structure as above, but with a factor of safety equal to 
3'5, which would have weighed only 583 tons. 

4. A structure composed of steel and selected iron for the 
giniers, and ordinary iron and timber for the other parts, which 
with a factor:^2"l would have weighe<l only 310 tons. 

5. A structore as above, but with a factor equal to 3, which 
would have weighed only 378 tons; or 

6. A structure aa above, but with a general factor of safety 
equal to 3'5, which would have weighed only 422 tons. 

These facts have to some considerable extent been long known 
to a fuw; yet the public has been led to regai^d such structni'ea 
as the Conway, Britannia, and Victoria Bridges with pride. 
Another generation may, with more reason, clas«ify them — at 
least in so far tta the mtperslructura ait; concerned — as perbapa 
the most expensive engineering blunders of the century. In the 
casd of the Victoria Bridge however, all must admire the bold- 
ness, skill, and success attendant upon the founding and 
rearing of its piers of masonry in the rushing stream of the 
St. Lawrence. 

TxbLe W .—CoDtaininQ the Valuta of O in Tons, eomtpwtdin^ with 
given rulitfn of k ami B, aitd teilh the valuet of F ffiven M Ihble II. 
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Having obtained the values of G, as in Table IV., we can readily 
ascerlJiiu the weight of the complete girder, or that of half of 
the <x>mplete structure for two lines of railway, by simply adding 
the values of E or F contained in Table IL We give the follow- 
ing exauplea, in which k='001. 

TABtS V. 
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ON THE ESTABLISHMENT AND MANAGEMENT OF 

COTTAGE IMPROVEMENT SOCIETIES 

By W. A. Grebmbii.i^ M.D, 

At the recent meeting in London of the National Association 
for the Promotion nf Social Sciefice, some very intereatinj.' and 
useful Temariss were made upon the improvement of the dwellings 
of the labouring clasaes, by Dr. Greeuhill, who, from his personal 
experience in connection with aocieties having lliia ooject, is 
especially qualified to (x>nvey information respecting the beat 
means of estAbliahing and conducting them. The importance of 
this subject induces us to make the foHowing extracts : — 

"It is unnecessary to m"ge the importance of attending to a poor 
man's house, if his social, physical, moral, and (it may even be 
fcided) spiritual welfare is aimed at — for this you have often heard 
before; neither is it advisable on the present occasion to speak on 
the actual construction of the dwellings — for this aiihject also haa 
been largely treated of by persons better qualified than myself. 
We will therefore go on to the next stage of inquiry, and con- 
sider in what manner the requisite amouut of suitable accommo- 
"ition for the poor in this country can best be provided. 

It should be stated that the following observations relate only 
to town populations. I have had no ex])erience of agricultural 
districts myself: but frain what others have said and written ou the 
subject it would appear that there are bo many important diffe- 
rences between towuaud couutry cDttages that the same remarks 
wilJ hardly apply to both. These remarks, therefore, are in- 
ttfuded to relate to towns only; and first of all it maybe better to 
mention (but iu a very rough and general way) what amount of 
miney may be considered necessary in order to effect the object 
mentionwl above. Probably about £liOQ(> for each lOOQ inhnbi- 
tints would be wanted. This calculation would, nf course, 
require to be modified very considerably in different towns, and 
also in different p.-u-taof theaame town; but perhaps it may servo 
for the basis of our di.scussiou on the present occasion. It wilt 
also be borne in roiud — first, that this mnney will not all be 
waoted at once; antl aecojidly, that it is not nie,-*ut to be sunk, but 
to be profit-ibty inveatetl. Nevertheless, ihi* calculation, if 
adopted, would require in cacli town a large amount of capiUil: 
in Manchester, Liverpool, and Glasgow, upwards of £2,0(>0,0(>0 
would bewanle<^l; iu Loudon about £15,I>00,0(K) would do all that 
is absolutely necessary. The next question i.n. How is this enor- 
mous amount of money, required for the whole couutry, to be 
niiseil? for, though the greater part of it is already invested iu 
itmall tenements, yet it will be necessary fur almost all this class of 
property to change bands: and who are to be the purchasers! In 
this country little or no assistance must be expected from the 
fiovernraent. Large raanufacturei"s may do (und in some cases 
hare done) a good deiil by providing suitable accomm™lation for 
their own workmen without any pecuniary loss tu them-«elves, 
anil with much indii*ect advantage iu several ways. Private 
lienevoleuce may do a little, for, according to the above cal- 
culation, even i>lijti,tJ(J() would thoroughly renovate only one 
small town of yO,U(JO inhabitants. And upon the whole, it 
seems verj* doubtful, liowever much the habit of saving money 
deserves encouragement amongst the poorer chwaes, whether any 
great sanitai-y and moral advant^^ges are obtiiined by euabliiig 
them to be«.tme the purchasers of the bouses in which they live. 
Neither can we depend on being able to persuade many of the 
present ownera of cottage property to carry out the necessary 
repairs, when the doing so will iu most cases involve a pecuniary 
lo*». So that altogether it would seem that joint-3t<Jck companies 
affonl the be«t means of raiaiug the ueoeasary capital, besides 
possessing various other advantages which need not now be more 
particularly mentioned. It wll not, therefore, be out of place if 
a few observations are offered ' On the Establishment and 
Maoogemeut of Cottage Improvement Societies;' for certainly, if 
if we may judge from the numerous failures that have taken place, 
the subject must be considered to be still imperfectly understood; 
and, on the other hand, it is these very failures that have been 
one of the chief discouragemeuts to the cause of house-improve- 
ment throughout the kingdom. There seems to have been a sort 
nfrevolutiou in public opinion on this subject. At first it was 
thought to be very easy both for philanthropic individuals and 
for societies to improve the dwellings of the poor without loss to 
themselve''. After a time this was found not to be the case — so 
much so, that a few years ago it was by most persons believed (o 
be impossible for a society to pay the shareholders a fair dividend; 




and those who consented to advance money for the purpose of 
estalLsbing such a society, said candidly that they looked upon it 
as so much given away in charity, or (commercially speaking) aa 
money lost. But we may profit by the experience of the latst few 
yeara, as well as by that of the earlier period alluded to, and the 
general result may perhaps be seated as follows — viz., that those 
who think it an easy thing to establish and manage a succeHsful 
Cottage Improvement Society will probably still tind themselves 
mistaken; but that, on the other hand, this, like other difficult 
things, is quite possible if it be done properly. And in order to 
do the thing properly, what is wanted? The answer is brief, but 
comprehensive: — 1. Sufficient money; and, 2. Comi.«tent mana- 
gers — on both of which points it is necessaay to say a few 
words, 

Fii-st, — as to money, we may here safely follow the advice ia 
Horace, 

' K«m htfloa, rem ; 

8i po«La, n>ci«; ai noo. qaocnuqae modo rem-' 

Which may be freely translated as follows: * First, get your 
capital; if you can, get it recte, i.e., by a small numl>er of shares 
of large amount, all fully paid up; if you cau't manage this, then 
get it quocurtg lie modo, i.e., by debentures, or preference shares, or 
mortgage, or loan, or gift (for humble followers of Mr. Peabody 
may occasionally be found iu the provinces as well as in the 
metropolis), or however you can; only be sure you get the 
greater part of your capital paid (or promised) before you 
seriously commence operations. You need not necessarily have 
much to begin with, and in fact it is better not to have at first 
more than is absolutely necessary, for you will then be more 
likely to manage it economically, and the temptations to extrava- 
gance in theestablialimentof a new comjiany are manifold. No 
general rule can be laid dowu as to the best mode of raising the 
required capital. 

Sometimes the money can be got in sums varying from ;£100 to 
£liMQ; Botnetinies it is ea.qier to get it from a larger number of 
much smaller shareholders. In short, whatever appears to be 
the ejisiest and cheaiiest mode of raising the capital in any par- 
ticular town, may be considered the beat; for economy in such 
a society is a great virtue, and, even if everything g«je« on well 
tlie management is sure to require so much attention that it will 
be advisable to spare the promoter (or whatever his title may be) 
all the trouble that you can. There is one advantage connecte<l 
with small shares that deserves to be mentioned, and that may in 
certain cases be considered to be moi-e than an e<iuivaleut to the 
great increase of trfjuble in workin<: the machinery of the society. 
The company (if successful) will serve as a sort of savings' bank 
for a poor man's earuinga, which will not only pay him a better 
interest than the ordinary savings' banks, but also enable him to 
enjoy the satisfaction of makiughis capital useful to his brethren 
without loss to himself. (It will be noticed that it was said 
that the society, if successful, would afford the poor man 
this advantage; for it must be confessed that hitherto Cottage 
Improvement Societies have generally been supported only hy 
persons to whom a. slight pecuniary loss was no object.) flow- 
ever, if people have confidence in the promoter of the society, 
there will generally be no difficulty in getting together money 
enough m enable you to begin; and after that, if people see that 
the society is properly managed, there will generally be no diffi- 
culty in iucre^tsing your capital to almost any extent you please. 

Second, — But now comes the second question. What i* the 
proper management of such a society ] A Cottage Improvement 
Society, if strictly private, may be said to be properly managed 
when the directors are able to fulfil, at least to a considertmle 
d^ree, the duties they owe both to the shareholders and to the 
tenants; if the society goes a step further, and ceases to be a 
mere private partnership, there will be certain additional duties 
required by the public In both cases it may be safely affirmed 
that it is generally far easier to get together the money required 
to establish the society than to find competent persons to manage 
it. The whole secret of the success or failure of the society will 
depend mainly on its management; so that, iXyou cannot find at 
least three or four persons fit to undert^ike this olSce, you ha<i 
better not attempt to establish the society at all. 

It is generally found easier by the directors to do their duly 
to the tenants than to the shareholders; at least, there has 
probably been no instance in which the tenants of a Cottage 
Improvement Society have not been much better off than those 
of an ordinary landlord. Indeed, the common temptation of the 
directors of saoh a social^ is to do for the tenants too much 
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ritllior than too little, and to give them expensive comforts aud 
conveniences which they are aa yet quite unable to appreciate. 
Tlie work of elevating the tastes aud habits of the poorer clasaee 
must be attempted very gradually, or the laudloi'd will be liable 
to cooataut disappoinlments, wliieh might have been avoided by 
a differeut couree of proceeding. 

But besides the more obvious duties of the directors towards 
their tenants, which ueed not be here specified, m they are the 
very objects for which the society has been established, there are 
others which are not always equally practicable, and which are 
Bometiraea eutii-ely overlooked. The tenants should not be re- 
garded merely as persons who pay you a fair rent for a well-built 
or renov>vted housp, but rather as yonr poor friends, nlojoat as 
your parishioners, to whom it is both a pleasure and a duty to 
do all the Rood in your power. Here, ns:nin, there will be gre»it 
need of judgment aud common seu.4c; but still there can hardly 
be tt doubt but that frequent frieudly intercourse between the 
directors and their tenants is a very important means of pro- 
moting the welfare of the society. The directora will also have 
an opp<n'tunity of encouragiug the tenants to put their money in 
the savings' bank, or to belong to some friendly society, and to 
send their children to school; they can t<5 a certain extent repress 
vice and immorality, and they can relieve cases of sickness or 
distress as they occur. All this can be done in some towns much 
better than in others; but there is none in which it cannot be 
carried out to a certain extent, and probably no society which 
would not be benefited by it. 

With respect to the duty of the directors towards the share- 
h ilders, it is mainly summed up in the paying them a half-yearly 
dividend at the rate of not less than 4 per cent, per annum, luui 
this (as you all know very well) it has not generally been found 
an easy thing to do. If the result is attained, the actual kind of 
ni.-»chiuery used is of comparatively little consequence, and all 
mere matters of detail may be allowe«i to vary indefinitely in 
different localities. In one town, where the society is looked 
Uf)on chiefly as a charity, it will be thought very important to 
obl&in the co-opemtiou of the clergy; in another, where it is con- 
•idereil chiefly as a commentinl aimpany, their names among the 
directors will ap|>ear out of place. The matter of moat import- 
ance is to take care that the utmost pos-tible economy is practise<l 
both in the establiahment and in the subsequent management of 
the society; for it is the nefjlect of this caution that has been the 
chief i-easoQ why so many societies have failed to make their 
operations remunerative, while private builders have had no diffi- 
culty in doing ao. 

Some societies limit their operations to one particular court or 
lane; others are always reatly to purchase any suitable property 
that is otfered in any part of the t<»wn. The latter mode of pro- 
ceeding seems to be preferable iu most cases, and will in general 
be found much the more economicaL If you have determine^l to 
get possession of one particuLir row of houses, you will probably 
nave to purchase some of them at an exorbitant rale; wherea-s, if 
yon are not tied to any one locality, you will purchase only those 
properties which suit iu price as well as in other resjwcta. An- 
other advantage that an extentling society possesses over one that 
has in a manner finished its work, ia this — viz., the greater life 
and activity and interest connected with its operations, when 
there is always fresh property to be purchased or repaired, or new 
bouses to be built In the one case, after the first novelty of 
establishing the society hivs gone off, its proceedings are apt to 
tiftg, and lose something of their vigour, from want of constant 
core aud attention. In the other case it may be said ot the 
society, that 

'Mohilit«t«i Tjgnt, vireaqne Boquirit subiIu.' 

As it is important to pay the shareholders a dividend aa soon 
as p088iV>le, in order to prove that the new society is worthy of 
stmie degree of public confidence, it is better to begin by purchas- 
ing old houses that require improvement, but are nevertheless 
inhabited, rather than by building new ones. In the former case, 
the reveiiUH begins to come in as soon as the purchase is com- 
plete<], and the first dividend may be p.aid within six or nine 
mouths after the capital has been c<mtributed. In th^lattercase, 
much time is .^peut in the erection of the new houses, and the 
getting them fully occupie<l, so that it is generally not till the etid 
of the sei-ond year after the establishment of the society that the 
first dividend is paid. Whether in the end it is more economical 
to renovate old houses or to build new ones may be doubtful, 
seeing tlmt the expenses for current repairs have been reckoned 
in tbo former case at about double what they are iu the latter; 



but, for the reason above given, whenever suitable property can 
be procured, it is certainly advisable to commence in this w^, 
and indeed to continue the same plan, until the society ia suffi- 
ciently firmly established to be able to bear without inconvenience 
the smaller immediate profits that generally come from new 
houses. 

It is also generally advisable for a new society to begin with a 
small amount of capital, which may be increased from time to] 
time as it is wanted, rather than to get together at first a larg«r] 
sum of money than is needed for immediate use. The surplus^ J 
even if it be not swallowed up by unnecessary 'preliminary* ex- 
penses,' is a loss to the society, as being so much nnproductivs] 
capital, on which a dividend is being paid. In the a-une way it ' 
will be better to let the first purchase of property be small, or of ] 
moderate size; if blunders are made, they will be less expensive 
to the society, and when you have learned to manage thoixmghly 
a small property, you will be better fitted to undertake a large 
one. Agjiin, if yon determine to begin by i-euovatiug old pro- 
perty, it will be better not to increase your difficulties (which will 
always at the outstit, even under the most favourable circum- , 
stances, be quite enough) by making your first experiment with li J 
block of houses so ruinous as to require an unusual amount of] 
expensive repairs, or situate in such a neighbourhood that you [ 
cannot get respectable |jeople to take them, while you will not] 
sntfer the existing tenants to remain. Tliia advice may at first] 
ap{>ear to be not only selfii^h, but almost uniutelligible; for 'is not 
the physical aud moral purification of sncb a block of houses the 
very object for which the society has been established?' Ceitainlyj 
it is, but not of this block only; and it is in order that the society] 
may have the opportnnity of doing a way with the physical and] 
moral filth of many such blocks of houses hert-after, that the above \ 
advice has Ixsen given. If you cannot pay your shareholders i 
fair dividend, you will find it diflicult to increase your capital; and j 
if you are not able to increase your capital, your sphere of iiseful-J 
uesa will be limited to one single block of houses, instead 
spreading over the whole district. 

There arc some other points of good management, which aral 
too obvious to need more than a passing allusion, and which] 
would not have been mentioned at all, hut that they have beeuj 
too often neglected; such are — the punctual payment of rents; the I 
establishment of an adequate sinking fiind in the case of lease- 1 
hold pi-operty, and also of a reserve fund to meet unforeseen 
losses or extraordinary expenses; also the keeping an exact and 
accurate account both of the tenants and of the property of the 
society. 

There is another point of especial cnnaequencp, though DOtJ 
especially fipplicible to Cottage Imp ovemint Societies — viz., ex- 
treme Ciire and exactness in keeping the acconnt-s; bnt on this] 
point also it is unuecesaary to enl.irgo further than to recvimmend] 
(parlicnlarly in the case of societies whose capital and j»roji«»rty it I 
constantly increasing) more fi-equent audits than are generally' 
held. 

It has been stated above that something is due from the society 
to the public, by which it is meant that the example of eaai 
Cottage Improvement Society is at the present time so important I 
for good or for evil, that an additional resiionsibility is crust upon 
the founders, and an additional motive is supplied for using every 
endeavour to ensure succe.ss. 

The above remarks contain only a very slight sketch of the 
ditTercui points to be attended to in onler to manjige the soeie-ty 
properly. It could easily have b^en exp.'inHed, bnt perhaps it] 
will be better if thosp persons who are thinking of establishing! 
such a society will examine aud criticise these observations for J 
themselves, testing them especially by the experience of existiuM 
societies, as given in their published reports. t 

It may fairly be expected tliat a few words should be added oBj 
the results which might be auticiputcti from the large a(jloption« 
the course recommendetl in the preceding remarks. The geuerslj 
consequence would be, that in evexy town in the kinKdi>m con- 
taining (say) 5000 inhabitants and ujiwards, all the cotlflge-pro-| 
perty in the place would gradually fall into the hands of a society! 
formed for the very purpose of promoting the moral and physical! 
welfare of the poorer classes. In large towns the proposer] society J 
n)U8t (in ortler that the supervision of the houses and the t«;-u.int»l 
may be properly caiTied out) have branches situated in fHflf'er«nt 
districts, e.'ich mumisxed by a subcommittee in connection wit' 
the general body of directors — thus combining the advanta 
local knowledge and experience with the vigour and ec<»noa 
a central organisation, The size of these branches may be i " 
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to vwy according to circnmstatioes, btit probably the property 
parchased by about £80.000 would be quite as much as could be 
properly attended to by a single aub-commitlee. In cities of the 
iaiveat size, it might poaaibly be advisable to have two or more 
■octeties, each witu its own confederate branchee. And lastly, 
■with respect to this great metropolia, 'tliis enormous city' as 
AmoUl calls it), 'erand beyond nil otli^r earthly grandeur, sub- 
lime with the sublimity of the sen or of mouutiuns from its very 
' ▼aitQeae — to this great metropolis the same machinery will 
equally apply, and in it the same principles of management may 
be carried out with an equal probability of success." 



INTERNATIONAL EXHIBITION, 1862. 
Machinery in GeneraL 

L^BOUR-BAViwo machinery and tools actuated by ateam, water, 
air. electricity, and other motors, are special developments of our 
time, and are uumerou<iIy represeuted in the present Exhibition. 
That mechanical arrangement which utilises the greatest amount 
of the applied force, and produces a complete required result, 
approaches most nearly to our notions of perfection. There are 
very few mechanical contrivances so complete that there is left 
DO room for improvement. However from time to time machines 
and contrivances more and more complete are being introduced: 
80 that ultimately we shall arrive at what may be termed engine 
ciiusificatwn. 

The watch and chronometer furnish good examples nf this 
gradual advance towards perfection; the ateam-eugine, and other 
siacbiaes, are even yet far from having attained this much to be 
desired completeness; yet the open road is still trodden by many 
skilful competitors, and ultimately the desired result will he 
achieved. The International Exhibition for 1862 presents but 
few contrivances of extremely novel character connected with 
mechanical engineering, but it ofiers to our notice what is fu' 
Biore nsefol, tools and machines more complete thau those ex- 
hibited ten years since. When the steam-engine ia as perfect in 
its way as the chronometer, then it will take its stand as a 6xed 
machine, and will become what may be termed claHsified, The 
[Mjue may be said of other machines anrl tools. Then the nation 
that manufactures such tools and macbineB in the greatest num- 
ber, while thus standing first in manufacturing industry, will 
tbenoe acquire and exert an immense political and social influence 
for the common benefit of our race, and will themselves have 
•ttaioed at the same time the most advanced stage of civilisation. 

In reviewing the machinery and engineering tools in the 
exbibition, it is not very material in what order we take them, 
as each mechanical contrivance most stand on its own merits, or 
fall by ita defects. 

Messrs. Maudslat, Sons, and Fibld exhibit (1926, dass 8) the 
splendid machinery constructed for H. M. armour-plated iron ship 
Valiant, consisting of a pair of Horizontal Double Fiston-ntd 
Engines of 800 h.p. (nominal). The cylinders are 82 inches dia- 
meter, with a stroke of 4 feet, and at full speed the screw will 
make about sixty revolutions per minute; the cylinders are com- 
pletely encased in steam jackets, but the steam on its passage from 
the boilers to the slide-valves does not pass through the jackets, 
they are supplied from the main steam pipe by means of a sepa- 
rate system of pipes provided for the purpose. The glands of the 
Siston-rods ore fitted with an apparatus specially coustructed for 
^ ghtening the packing when the engines are in motion; it has 
.been applied to the machinery of several of H. M. ships by 
[Messrs. Maudalay, Sons, and Field, and has proved of great ser- 
I Vice: it is so arrangeii that without any care on the part of the 
person using it the ghind must move {lerfectly pai'allel with the 
Diston-rod, thus obviating all danger of a brejik down from its 
^ MoomiDg jammed by being tightened mure on one side than the 
other. The relief valves of the cylinders are so constructed that 
the engineer on watch can instantly ease them by hand without 
moving from his place on the starting platform: this arrangement 
is found to be very effective for large engines. Whenever water is 
present in the cylinders from priming or other causes, it fi-equently 
uappenswith engines not fitted with the above improvement, but 
wliicb rely upon springs or weights on the relief valves, that the 
. latter do not act quickly enough to allow a free passage for the 
l Water, and the cylinder ends have in several instances been frac- 
iared in consequence. The slide-valves of these engines are 



worked by the ordinary link motion, and they are double-ported, 
a method of construction which requires much less travel than the 
common slide, thus reducing the length of the links and conse- 
quently enabling the engines to be more quickly reversed. 

The expansion gear, which is of a peculiar and very efficient 
description, consists of a revolving valve driven by means of gear 
work at the same velocity as the crank shaft, and with a perfectly 
smooth and uniform motion. The steam can be cut off at any 
requisite part of the stroke without easing the engines. This 
mode of working expansively was designed some yeara since by 
Mr. Field, to obviate the difficulties so frequently occurring in 
screw engines, with the usual arrangement of cams and recipro- 
cating throttle valves or the more complicated system of expansion 
slides. The connecting rods and cranks are balanced by a weight 
attached to a wheel, which is fitted upon the after end of the 
crank shaft for the purpose of turning round the engines by hand 
when necessary. 

All the important parts of these engines are visible from the 
platform, and are easy of access when under steam. Especial atten- 
tion has been paid to the oonstructiun of the feed and bilge pomp 
valve-boxes, so as to ensure ail the valves being quickly and 
easily removed and cleaned, without stopping the engines; tfae 
safety of many vessels has been imperilled by neglecting these 
precautions. The boilers are of the ordinary tubulaj* constnic- 
tion: they are arranged on each side of the ship, with the stoke 
hole in the centre. 

Messrs. Maudalay and Co, also exhibit a model showing the 
arrangement of a three-cylinder Horizontal Double Piston-rod 
Engine (Mr. Charles Sella, chief draughtsman t« Messrs. Mauds- 
lay, patentee), fitted on board H. M. frigate Octavia, of 500 b.f. 
and ai guns. These engines were designed for attaining great 
economy of fuel, combined with uniformity of motion; they ar« 
fitted with surface condcuseis, an improved superheating appa- 
ratus (Mr. Field's patent), and complete steam jackets on the 
cylinders. The crank shaft is forged in one piece, the cranks 
forming an angle of 120'^ with each other; this construction places 
all the moving parts iu perfect equilibrium, without the addition 
of weights for that purpose. The cylinders are 66 inches diameter, 
with a stroke of .3 ft. 6 in. The hlide-valves are so con- 
structed that the steam is cut off at one quarter of the stroke, 
without the use of a special valve for the purpose. They are 
workeil by eccentrics fixed upon a revolving weigh-shaft, which is 
driven by a peculiar and novel arrangement of spar wheels, which 
enables the degree of expansion lo be altered so as to cut off the 
steam at one-sixth of the stroke, and ia also considered to furnish 
a safe and rapid mode of reversing the engines. 

Messrs. Maudslay have received a medal for 'marine engines 
and models, " for general excellence of the engines, also of the 
collection of working models." 

The Patent Double Cylinder, and Patent Annular Cylinder 
arrangement, invented l>y Messrs. Maudslay, Sons, andr Field, 
were exhibited in 1851, and are well known to engineers gene- 
rally, which accounts for their absence in this Exhibition. The 
extensive character of the operations of this firm may be gathered 
from the fact that they have fitted 414 paddle wheel and screw 
vessels, of an aggregate power of 87,000 horses. 

Among the principal exhibitors of Marine Engines, presenting 
features of interest, are Messrs. Penn and Sons, Greenwich (1955); 
Messrs. Ravenhill, Salkeld and Co., London (1962); Messrs. G. 
Eennie and Sons, Black friars (U>r>4); Messrs. R. Napier and Sons, 
Glasgow (1939); Messrs. Rand»>lph Elder and Co., Glasgow (1939); 
Mr. r. W, Cowan, Greenwich (1830); Messrs. Humphreys and 
Tennant, Deptford (1891); Messrs. A\ and I. Inglis, Glasgow 
(1B96); and Messrs. R Morrison and Co., Newcastle-on-Tyne 
(1936). 

MrasR.s. Williamson Brothers, Canal Iron Works, Kendal, 
exhibit (2026, Class ft) Vortex Turbines, an Improved Centrifugal 
Pump, and Blowing Fan. The Vortex Turbine is the invention of 
Prof. James Thomson, and has been very extensivelv applied. The 
large vortex exhibited is constructed to give 60 horse power on 
a fiidl of 45 feet, and is for a cotton mill in Yorkshire. There is a 
small vortex shown in motion, which is designed to ase 60 cubic 
feet of water per minute on a fall of 8 feet, and serves to illustrate 
the position and action of the wheel when at work. The 
water is supplied to it by a centrifugal pump. In this turbine 
the moving wheel is placed within a chamber of a nearly 
circular form. The water is injected into the chamber taugenti- 
ally at the circumference, and thus receives a rapid motion of 
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rotatioa. Retainiug this motion it passes oavnrd towards the 
centre, where alone it is free to make its exit. Tlie wbeel, which 
id yiUceil within the chamber, and which almnst entirely filla it, is 
diviJed by thiu partitinns into a great Dumt>er of radiating 
pasasgea. Through theae pasutges the water niuat flow on its 
coarse towards the centre, and in doing .<)o it impartAite own rotary 
motion to the wheel. The whirlpoul of water acting within the 
wheel chamber being one priticipal feature of this turbine, leads to 
the name " Vortex as asuitable designation for the machine as a 
whole. The gnide blades by which the required direction is given to 
the water previous to its entrance into the wheel chamber are 
usually four in number, and they are made movable on gudgeons 
near their points, so tiiat the orilices may be contractwl at plea- 
sure to adapt them to any quantity of water less lh»u the full 
supply. 

In relation to the action of turbines generally, the chief and 
moat commonly recognised conditions of which the accomplish- 
ment is to be aimed at are, that the water should flow through the 
whole machine with the least possible resistance, and that it 
should enter th<> moviiig wheel without shock, and be discharged 
from it only at a very inconsiderate velocity. The vortex is in a 
renuu-kabJe degree adapted to fxilfil these oonditiono. The water 
moving centripetally (instead of centrifngally, which is more 
usual in turbines) enters at the period of its greatest velocity 
(tbot is, juist after passing the injection orifices) into the most 
rapid moving part of the wheel, the circumference; and at the 
period when it ought to be as far as possible deprived of velocity, 
it pusses away by the central part of the wheel, the part where it 
has the least motion: thus in each case, that of the entrance and 
that of the discluirge, there is an accordance between the velo- 
cities of the moving mechanism and the proper velocities of the 
water. The principle of injection from without inwards, adopted 
in the vortex, is considered by the inventors to alford another 
important advantage in comparison with turbines having the 
contrary motion of the water; as it allows ample room iu 
the sp.ace outside of the wheel for large and well formed 
injection channels, in which the water can be made very 
gradually and regularly to converge to the most contracted parts, 
where it is to have its greatest velocity. It is as a concomitant 
also of the same principle, that the vei^ simple and advantageous 
mode of regulating the power of the wheel by the movable guide 
bbaides already described can be introduced. This mode, it ia to be 
observed, while giviug great variation to the areas of the entrance 
orifices, retains at all times a very suitable form for the converging 
water channels. 

Another adaptation in the vortex is claimed as being highly 
beneficial; by the balancing of the contrary fluid pressures due to 
half the head of water and to the centrifugal force of the water in 
the wheel, combined with the pressure due to the ejection of the 
water backwards from the inner ends of the curved vanes of the 
wheel, only one half oi the work due to the fall is spent in com- 
muniaiting vit viva to the water, to be afterwards taken from it 
during its passage through the wheel, the remainder of the work 
being communicated through the fluid pressure to the wheel 
without any intermediate generation of n* viiHi. Thus the velo- 
city of the water where it moves fastest in the machine is kept 
comparatively low, not exceeding that due to half the height of 
the fall. The inventor states that in many turbines the water 
attains at two successive times the velocity due to the whole fall. 
The much smaller amount of action or agitation with which the 
water iu the vortex is said to perfurm its work effects a saving of 
power, by dimiuishiug the loss necessArily occasioned Ly fluid 
motion. Further, the velocity of the circumference of the wheel is 
made the same as the velocity of the entering water, and thus 
there ia no impact between the water and the wheel, but on the 
contrary the water enters the radiating conduits of the wheel 
gently, that is to say, with scarcely any motion in relation to 
their mouths. In the vortex a very favourable influence on the 
r^ularity of the motion procecils from the centrifugal force of the 
water, which on any iucreas' of the velocity of the wheel increases, 
and ao checks the water supply; and on any diminution of the 
velocity of the wheel, diminishes, and so admits the water more 
freely; thus counteracting in a great degree the irregularities 
of speed arising fiom variatious in the work to be performed. 

When the work is subject to too great variations, as for in- 
stance in saw-mills, bleaching wurks, or in forges, groat incon- 
venience often arises with the ordinary bucket water-wheel, and 
with other turbines, from their running too quickly when any 
considerable diminution uccors in the resistance to their motion. 



The vort«x represented iu the engraving (Fig. 1) is shown with ft 
portion of the cover broken away, in order that the iutemal ar- 
rtiu^'ement may be seen. (A) is the supply pipe, by which the water 
is oouveyeii to the case. (B) one of the guide blades, of which 
there are four, for directing the water into the revolving-wheel 
(CT); these guide blades are regulsU-xl by cranks and spiudlea 
from the haud-wheel (\r), placed in any convenient positiuu 
within the building. The revolving-wheel is keyed upon the 

Fit. 1. 




upright shaft (D), Ri i end of which is ibe pivot From 

the ujipcr end of the shaft, the motion is communicated to the 
horiz'jntal shaft by bevel wheels, (E) is a lever for raising the 
pivot when necessary in consequence of wear. 

When circumstances render it desirable, the vortex may be 
pLiced at any height less than about 30 feet above the tail race, 
the fall below the wheel being rendered available by suction- 
pipes descending from the central discharge oriticee. 

The vnrtex of 00-horse power is intended to be thus arranged, 
at a height of 30 feet above tail water: — The water is admitted 
from the head-race by a 30-inch pipe; and after passing through 
the wheel is conveyed by two suction-pipes into the tail-race. 
There is a sluice at the entrance to the snpply pipe for shutting 
off the water, and the guide blades are regulated by a small 
hand-wheel above the vortex case. This arrangement is often 
very convenient, and iu many situations it admits of the vortex 
being placed in such a position that the power can be taken direct 
from its own shaft, without any intermediate gearing. 

Ainong the exhibitors of this description of motor are the 
North Moor Foundry Oompauv, Oldham (1948); Messrs. EastOD, 
Amos & Sons, South wark (1 844); Messrs. Donkin & Co., Bermond- 
aey (1840); and Messrs. R. Roberts & Co., Adelphi, London (1968). 

Messrs. Williamson also exhibit (2026) an " Improved Cen- 
trifugal Pump," with exterior whirlpool chamber. The mMshine 
consists of a sort of wheel, with an exterior case. Tbe 
wheel is constructed with a middle plate, having a boss in tiie 
centre for fixing it upon the shaft, and two outer discs or cover* 
with circular orifices, for admitting the water. Between the 
middle plate and the covers are fixed curved vanes;, extending 
from the oenti-al orifices to the outer circumference of the wheel. 
The wheel being caused to revolve, the water entering at tlie 
centrat orifices is discharged into the exterior casing, and thence 
through a delivery pipe, placed taugentially to this case. 

Tlie essential improvement which the inventors claim to have 
introduced into these tnachiues, consists in the addition of an 
exterior chamber round the circumference of the revolvin|^wheel, 
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which is termed the "whirlpool chamber," and it ia uaually 
DMde &bont the dtMneter of tne wheel. The water revolving iu 
the chamber Moiames the conditiou of a " vortex or whirlpool of 
free mobility," the priuciples of motion ia which are said to have 
been first noticed bj Professor Thomson, as described by him in 
a paper read before the Britisli ARsociation. The following ifl a 
brief explanation of itd application in thin pump: — It will be 
understood that the water, ou leaving the circumference of the 
wheel, haa unavoidably a high rotary velocity. This velocity is 
in all cases so great that the water carries away, in its enei*gy of 
motion, a large part of the work applied by the steam-engino or 
olher motor, which is wasted in friction, and adds to the quantity 
ejected through the discharge pipe. 

The object of the whirlpool, as applied in the pump under 
notice, is to utilise the work contained iu the i-apid motion of the 
water ou leaving the wheel, or to employ it in increasing the 
efficiency of the machine. This ia effected, in accordance ^nth 
the priucinle of motion, in the " whirlpool of free mobility," by 
which each particle of the fluid forming it, as it passes from the 
centre of ititatiou outwards, gives up its velocity, and becomes 
■abject to a pressure capable of causing it to ascend to a height 
oorraspouding to the energy deducted from its motion, Tlus 
pressure necessarily adds itself to the outward force generated 
within the wheel. In this pump there is also provided an outlet 
chamber, arranged to receive the water from all parto of the 
circumference of the whirlpool, the outlet chamber is separated 
from the whirlpool by discs, which prevent any slowly moving 
or eddying water from breaking into and disturbing the whirl- 
pool. The vanes are curved backwards, at such an angle as to 
admit the water freely and without shock, and all the parts are 
arranged so as to uttAin the highest efficiency iu the working of 

Lthe pumps. 
The bjknie firm also exhibit (2026) a Bhwing Fan with ex- 
terior whirlpool. This fan is c">ustructed on the ajuue principle 
as the centrifugal pump previously described, the etliciency being 
in like manner greatly inciensed by the application of the exterior 
whirlpool. It is suited for foundries, smiths'' fires, and other 
purposes where a |>owerfal blast is required, and iu all cases an 
pnportant saving of power is eSeeied by ita use. 
A Vertical Column Steam Engine exhibited by Messrs. Wjl- 
luunaoQ, is simple in its arrangement; all the working parts are 
inclosed in one iron ooluniu, which gives great strength and 
steadiness, whilst all the parts are of very easy access. It was 
selected for description in the ' Cncyclopiedia Britnnnica.' 

It is worthy of remark that the jurors 
have awarded to Messrs. Williamson 
Brothers a prize medal for the Vortex 
Turbine, Centrifugal Pump, aud Blow- 
ing Fan^ aud that the merits of these 
machines is further recognised iu the 
special awani of an adcfitioua! medul 
to Professor Thomson for the invention. 



Cabrett, Marshall & Co., Leods (1813, Class 8), exhibit Jov'« 
Patent Organ Blower, Fig. 2, applicable also as an Hydraulic 
Heciprocating Engine, for pumping, intensifying water pressure, 
working presses, as well as aawmg, rubbing, grinding, polishing, 
ventilating, and working punkahs in hot climates. As organ- 
blowers they have been applied iu numerous cases, both hori- 
zontally and vertically, self-regulating to all sizes of feeders, 
aud working at any required water pressure; the wind-chest) 
beins connected to the admission cock, regulates the apeod 
of the blower. The sizes generally used for this purpose 
vary from 2 inches diameter, 10 inches stroke, to 9^ inches 
diameter, 10 inches stroke. The cylinders are all brass 
lined, and pistons, valves, faces, &a are of brass; or the whole 
may be of brass. The length of stroke is adjustable. These 
engines can be conatrocted of considerable power, and to work at 
a speed of from 1 to 110 feet per minute of piston. They are 
applied, with modifications, to be worked by compressed air, for 
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mining, coal getting, and tunnelling operations; and, by steam, for direot- 
ncting sawing, pumping, boring, and percasaive operations, where any 
v. quired speed unaer 500 strokes per minute may be attained. The 
hydraulic reciprocating engines, worlced by the pressure of the water of 
towns, may also be employed in connection with a compound hydraulic 
pump, to work presses iu warehouses without hand laliour, and for raising 
and lowering goods, and for 1, 2, and 3-powered water cranes. The Itota- 
tive power Hydraulic Engines consist of two or more actuating cylinders, 
and not a single one, as in the organ-blower, or hydraulic reciprocating 
engine. 
The Steam Hammer, Fig. 3, is double<M:ting, thereby giving a powerful 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL 



rsept. u im. 



blow in a short space of time. The forro of such blow can 
be regulated at pleasare; and the length of stroke con also 
be Tnried by adjusting the band-wheel. Thin hammer appears 
to possess extreme simplicity, having no valve-motion, levers, or 
atuffing-bo-T, nor any continuonslv moving part, except the 
piston slide-valve and hammer. The steam which actuates the 
nammer performs the office of valve motion, being admitted 
above and below the piston slide-valve, in the requisite quantity 
and for a suitable period of time, to give any required stroke or 



quantity of steam admitted into the cylinder at fall preanir6 
instead of its being throttled in the usual manner. 

Fig. 6 is a Stationary Fire Engine to force 10,000 gallons, 
125 feet high per hdur; to be set to work at any moment, bj , 




a light biow with lead, or a clear Aeawy Mw without lerui, retaining 
the steam upon the piston until the blow is struck. In these 
hammers, an increased bearance is given to the piston-rod by the 
depth of the piston being more than its own diameter. For steel 
tilting and other work, when some 400 to 500 blows per minute 
•re necessary, this hammer has its parts even further reduced to 
that of the piston-rod and hammer-head, only with additional 
length of cyhnder and guidance. 

rig. 4 represents a Ifiyh and Louf Pretnire Direct-action Con- 
Henting Engvie, by the same firm. The cylinders are 12^ inches 
diameter, with i ft. 3 in. stroke. The whole is on one base-plate 
ref^uiring little foundation. Besides being dLrect-ncting and 

portable, the air-pump ia 
^"0. *. double-acting, and also com- 

binM the hot-well :iud con- 
denser; the wei;;ht of the 
large piston is entirely 
borne up by the slides, and 
the whole of the working 
parts which transmit the 
power are of wrouglit-iron 
suitable for 00 lbs. pressure. 
This engine is strong, Light, 
and well balanced, as it 
works in opposite directions. 
The engine has no dead 
centre, as the low-pressure 
piston is a little in advance, 
and in a position to receive 
the exhaust steam from the 
high-pressure cylinder at 
the time it ought tu be set 
free. The cylinders are dose 
together, and have but one 
slide to work them both 
with a short length of steam 
passage from the end of one 
cylinder direct to the other. 
The slide-valve has two faces, and its lead and stroke can be 
varied, or when necessary the governor is caased to regulate the 



Bteam ftotn the ordinary boilers of a manufactory. The pump 
for this purpose, besides its air-vessels, is constructed double- 
acting, with 8^-iuch working bari'et and piston, and 6-inch nun, 
with valves of brass. The steam cylinder is 13 inches diameter, 
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> and the eogioe is complete ia itself, to which the pnmp forms the 
bMe of foQDdatioD. The former can be discoDDected from the 
, and used a"* a motive-power for driving machinery, feeding 
and a variety of purposes, the pump being re^uiy at any 
to be attached, in caise of fire, and equal in power to two 
or three common fire-euginea. Steam Pump, Fig. C, is con- 
■imcted for feeding locomotive and marine boilers. Steam Pump, 
Tie. T. 
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[. 7, is conatrncted for feeding stationary boilers of 50 horse- 
power. One of the litteat applications of Fig. 5, with donble- 
acting pump, is at Saltburu, near Redcar, forcing some 5000 
ealloDs of sea water per hour 220 feet high, and 230 yards 
uiatanco. 

A medal was awarded to Messrs. Oarrett, Marshall and Co., 
for steam engines, steam pumps, hydraulic machitiery — geuerai 
good arrangement and good workmanship. Also, honoiu-abla 
mention for an improved sleum Immmer. 

Mr. T. S. Truss, C.E., Gracechurchst, exhibits (201 1, Class h) 
PipeJiiint» (fig.y) for hot water apparatus, gas and water mains, &c. 
These joiots are construct^'d to facilitate the making of water- 
tight joints without the tedious method of caulking, being easily 
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rendered capable of sustainiiiir any required amount of pressare; 
and can also at any time he disconnected to allow of alteration 
'~ removal, and re&tted, without injury to any of the parts. 



The pifKS are cast with a bead at each end, npon which the ring , 
of elastic packing (india-rubber or woollen felt) is placed, wbei 
the ends of the pipes are brought near together. The iron band, I 
formed in three or more segments with two interior groove*! 
corresponding with the beads ou the pipes, is then placed around 
the packing and drawn together by means of screw-bolts and 
nuts, thus making the joint upon the tope of the beads. Accord- 
ing to the width of the band and the interior grooves the joint is 
more or less elastic, resembling in action a ball-iimi-socket joint, 
and it is thus well suited to gas and water mains, which ax9\ 
liable to deflection; for which purpose it is in use for mains vary- 
ing in diameter from 2 inches to 4 feet The joint has been tested 
to a pressuj-e of lOiJU feet of water. 

Mr. Hsmkt JoBNsoy, of Cmtched Friars, exhibits (29S0, 
Class 13) his Volutor, Fig. 8, for tracing spiral curves. This instra* 
ment has been contrived for the purpose of facilitating, by means i ' 
mechanical arrangements, the drawiugof volutes, an operation that 
requires much time and care, and also the drawing oi other ppiral 
curves. During the action of the instrument a band is wound round 
its ceiiti-e, which regulates the pencil, and thus a coutinuons curve 
is traced with a radius varying in length at every point. The 
radius of the curve is increased during each revolution by tbC'J 
circumference of the axis, and a circular cylinder will be found 
convenient as an axis for tracing spirals whose radii increase in 
arithmetical or other proportions. In drawing volutes a flat 
baud may be used, wound round a cylinder, so that each coil 
incloses the preceding one, and increases the diameter of the axis; 
but a grooved cone appears to be more convenient, as the pro- 
portions of a cone and the distances between the grooves may be 
more readily adapted to the curves required. A stand with 
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wheels, A, moved round the central point O, supports a horizontal 
arm or bar B, and which moves through a horizontal tube D, 
on the stand. To the horizontal arm is fixed the tracing pencil 
(.', pressed down by a vertical spiral spring. A steel rod rises 
through a perforated grooved cone (or other axis) and its handle 
H, and ia furnishetl with a small winch handle I, by which the 
stand is made to revolve, while the cone ia held still by its 
handle II; and a band G, one end of which is attached to the 
cone and the other to one end of the horizontal arm, is wound 
round the cone, and the end of the arm ia gradually drawn 
towards the centre, and the curve is traced by the pencil. In 
volutes commenced at the extremity of the radius vector the 
band is attached to the base, and adjusted to the groove selected 
for the first curve, and is wonnd round the cone, approaching the 
apex as the instrument revolvea When tracing volutes com- 
mencing at the centre and receding from it, a movable set of 
pulleys F, should be fixed with a screw on to the outer end of 
the horizontal arm. One end of the band being fastened to the 
pulleys, and the other attached to the apex of the cone, it will be 
wound round the cone approaching the base, and the pencil will 
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iMede from its poeritioa in the centre, tracing the curve as the 
Mller mil of the arm is drawn by the band towards the centra. 
When varintioDs of radius less than the eircumfereuca of the 
axis at each rerolation are reqnired, the effect of the band wonnd 
roond the centre may be modified by passing it over some of the 
pulleys, one set of which, E, is fixed on the stand, and the other 
set, P, is moTable, and may be screwed on to either end of the 
arm. The effect varies according to the number of lines of band 
over which it is distributed; as, for instance, when the band is 
pused over one pulley the etTect is distributed over two lines, 
Muf the radius varies in a revolution one-half of the circum- 
ference of the axis; when the band is pasaed over two pulleys the 
effect is diati'ibuted over three lines, and the radius varies in a 
revolution one-third of the circumference of the axis, &c. When 
t>«eiug the fillet of a volute, the cone should be turned round 
until the band is tightened, after the pencil has been placed in 
itH proper position. The snze of the axis is thus slightly altered, 
ftnd a proportionate distance maintained between the curves. 
In drawing a parallel curve, as the size of the centres must 
coincide, it will be necessary to alter the length of the band to 
kiiit the position of the pencil. 

Mr. Henry Johnson shows also (2920) his Deep Sea Pretntre 
Gauge, Fig. 10. It is well known that in deep sea soundings the 
presaureof water is too great to admit of accurate measurement 
by the compression of any highly eliwtic fluid confined in n small 
portable instrumeut. For a long period water was considered 
tnoompressible, but it has been found to pofwosn a slight degree 
of elasticity, sufficient to render its compression in a vessel avail- 
able as an indication of the compression or density of the water 
into which it is lowered. In the year 1762, December the 16lh, 
Mr. Canton communicated to the Royal Society the results of his 
experiments on the compressibility of water — 'Philosophical 
Transactions,' vol. lii., page G40. He took a small glass tube of 
about 2 feet in length, with a ball at one end of it of 1;^ inch in 
diameter, and filled the ball and part of the tube with water 
exhausted of air, and left the tube open, that the ball, whether 
in rarefied or condeo8e«l air, might always be equally presae<i 
within and without. He placed the ball and tube anuer the 
receiver of an air-pump, and could see the degi'ee of expansion of 
the water answering to any degree of the rurefaction of the air; 
and also placed the ball and lube into the glass receiver of a 
condensiug eugiue, in which he could see the degree of compres- 
sion answering to auy degree of condensation of the air. In this 
way he found by repeated trials, when the temperature was about 
60' Fahrenheit^ and the barometer about a mean height, that the 
water expanded and rose in the tube, by removing the weight of 
the atmosphere, one part in 21,740, and that it was as much com- 
pressed under the weight of an additional atmosphere. Moie 
recently, Mr. Perkins found, when subjecting water to great 
pressure, a diminution in I'olume of y^T^lh parts under a pressure 
of 1120 atmospheres, equal to one part in 18,6^0 per atmosphere. 
The experiments of Mr. Perkins, exhibited at the Adelaide 
Crallery, appeared to be intended as a demonstration of the 
fact of progressive compression, rather than a basis for minute 
calculation. 

The effect of pressure of water at great depths is illustrated by 
a very interesting experituent made by Rear-Admiral Sir James 
Clarke Ross, who, after lowering several bottles which returned 
to the surface with the corks reversed, lowered a bottle fitted 
with a tube; a cork being suspended in the bottle so as to enter 
the tube in the event of the water in the bottle being oondensed 
under heavy pressure, and expanding upon the raising of the 
bottlj and the diminution of the pressure. Upon the return of 
the bottle to the surface it was found that the cork had been 
forced some distance along the tube, and the compression of the 
water in the bottle, and its subsequent expansion, were thus 
demonstrated. 

In experiments conducted with a pressure-gauge made of metal, 
it was found that air-babbles adhered to the inner surface of the 
pressnre-gaage, and materially affected the results. This diffi- 
culty is avoided in the instrument now exhibited, which is com- 
posed of glass, so that the absence of air-bubbles may be 
ascertained by inspection before any experiment is made. The 
iostruraeut consists of a cylindrical glass vessel with a long neck 
or stem finely graduated; within which are placed a dat elastic 
ring to act as an index, and an elastic stopper. 

When used, the pressure-gauge should be well rinsed with 
warm water, to prevent the adhesion of air to its inner surface. 



and then filled to the top of the stem with aen-water boiled to free 
it from air. In the event of this water being poured in while 
warm, it will be necessary to fill up the stem after the water has 
cooled down to the temperature of the atmosphere, so that the 
stopper may be inserted without confining any air beneath it. A 
small vent, or grooved needle, affording a passage for the escape 
of superfluous water, should be pushed m with the stopper, which., 
should be slightlpr lubricated to prevent excessive friction, unt_ 
the lower end of the stopper is coiucident with the zero or toi 
line of the graduated scale, marked 2000, when it will also tout 
the flat elastic ring. The vent should then be withdrawn, and thfl 
stem will remain tightly closed by the stopper. When lowere 
into water of greater density, the water in the pressure-gauge it 
compressed by external pressure until of equal density with th« 
surrounding water, and the elastic stopper and the elastic rii 
are pressed along the tube towards the cylinder. When raia 
as the external pressure diminishes, the water in the pressure- 
gauge expands, and gradually presses back the elastic stopper, the 
elastic ring remaining as an index to mark the extreme compres- 
sion. When the water attains the temperature of the atrooHphere 
the stopper will havo returned to its original position, less a small 
difference arising from friction. 

rio. 10. 



A. Cyllm'er. 

B. Stem with gr«(i(iated Bc«Ie. 

C. FUt eUstk ring or index. 

D. £la»tic ttopper. 

E. Mt^tal frame l\xxad mth citoutcbooc. 

F. Caoutchouc rings preventing oonoussion. 

G. Caoutchouc rings at top and bottom of the ( 

gecuring the frame hi position. 
H. Metal book on dour fastening down the topjj 

caae. 
I. Claup tu door, let in to avoid projection. 
K. V'lmt or grooved needle iniierted with ■topper. 
L. Hook used to draw up the elastic ring. 





The volume of water in the cylinder and stem is considi 
consisting of 2(KK) parts, of which the cylinder contains 
tenths, or 1800 parts or degrees, and the stem one-tenth or SOO* 
dMrees, and which are numbered 1801 to 20<Ki. The graduated 
BC^e on the stem may easily be read to one tenth of a degree, or 
y^Jj^jjth part of the whole volume of water. For the compres^on 
of one part in 20,000 of boiled seawater a pressure ia reqnired of 
15*8 lbs. avoirdupois per square inch, equal to the pressure of a 
depth of 35446 feet, or nearly six fathoms. This amount of 
pressure, which ia the result of several experiments, and which is- 
confirmed by the observations of Mr. Canton, appears to be a &ir 
basis for the compilation of tables of comparison of depth and 
pressure. 

The Inatruments should, however, be attached to sounding 
lines, and the indications compared with the depths shown by the 
lead. The results would form a table of comparison of depth 
presaure of practical use in determining depths when strong 
rents render the use of the lead uncertain. A correction will 
required for the variation in volume of water with change 
temperature, and which is not uniform, bebg greater at high 
temperatures, as for instance — 

At 8S° the volume is for thia object estimated at ... 20,000 paiM. 
At 65° the volume Lt contracted to tU,982-fi „ 



t he , 
e o^^l 



The differpnoe for 21° boing 
or for 1 degree S'21 part*. 

The volume at 65° of ... 
is contracted at 31° to 

The dtfTerenoe being for H' 
or for 1 degree 1 '55 



67-6 patU. 

19,9325 pMfH. 

19.8MO 

52S put*. 



^ 
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ho.ttTikiU. 


F«lr. 


se- 


... 20000-0 


64° 


es 


... 19996-0 


63 


.u 


... l»9»a-5 


62 


m 


^. 1W8B-0 


61 


K 


... 19985-5 


60 


81 


... 19983-0 


59 


80 


... 199786 


58 


79 


... 19975 


57 


78 


... !9S<71-5 


56 


77 


... 199';8-0 


55 


76 


... l»9«4-7 


54 


73 


... 19961-5 


53 


74 


... 19958-25 


52 


7S 


... 19955-0 


61 


72 


.. 19951-5 


50 


71 


... 1994.H0 


49 


70 


... 19945-0 


48 


0» 


... 1994-2-5 


47 


68 


... 19940-0 


4« 


«7 


... 19937-5 


45 


66 


.. 19935-0 


44 


M 


... 1993*2-5 


43 



r^r. 


No. of Pkila. 


42 


... 1»888'0 


41 


... l»88fl-7 


40 


... 19886-5 


Sfi 


... 19864-5 


zs 


... 19888-5 


87 


... 19888 -0 


36 


... 19882-5 


35 


... 19882-0 


34 


... 19881-6 


33 


... 19881-0 


32 


... 19880-5 


31 


... 19880-0 


30 


... 19880-0 


29 


... 19880-0 


28 


... 19880-0 


27 


... 198H0-0 


26 


... 19880-0 


25 


... 19880-0 


24 


... 19880 


2» 


... 19H80-0 


22 


... 19880-0 



I 

i 



^ 



Taaijc itowing tiu vuiatun in the volume uf se* mtet, boiled to free 
it frnoi Air, with dwnge of tamperature. llieniMUneter 67 '6" Fahi. 
B*nan«ter 29-92. IIm volwne *t 80° imng oonaidared »a unity, aud 
ftinded uito 20,000 |iart8. A gentle motion kept up to equaliM the 
teiuperftture of the sea water hu pref^etited its freecicg at 28 5*. 

No. of Parta. 

":>■:■•'.(> -0 
■ ■■: 5 

. J9922<5 

. i»9ao-o 

19917-5 
. 19915-0 

T.<:<]:',.-0 

1 r.Ml-O 

:.'-.■ <:-i) 

. 19U03-0 

19901 
. 19899-0 

19897-0 
. 19895-0 
, 19894-0 
, ]989-i-6 
, 19891 f) 
, l!>Kt<0-0 

1US89-0 

' Johnson's Deep- Sea Thermometer (2020), Rg. 11, iainteuded to 
med •irault«ue<'>u8ly with the deef>-8ea pressure-gnuge nbove 
described, for the purpose of determining how luocli of the varia- 
tion ID volume of water, iodiciitei] by the latter instrument, is {lue 
to variAtioQ of tempenttnre, and may be connidered aja an india- 
peoaable ndjuoct to it. During the year 1844 fHjnie experimenta 
were made by Mr. James Glaiaher, F.R.i;^., on the tenaperature of 
Ui« water of the Thames ne.ii" Oreeuwjch, at the ditferent seaftons 
rf the year; when tliat gentleman found that the itidicatinnH of 
tonpenture were greatly affected by the pressure od the bo lbs of 
the thermometers. At a depth of 25 feet this prtwsure would be 
neftrly equal to the pressure of tbree-fnnrlhs of an atmosphere. 
Tbeae obeerrations demonstrate the im{Kirtnnce of using in deep- 
ae* aoundiDgs an iustrument free fi-om liability of disturbance 
from compression by the surrounding water, and have led to the 
coDstraction of the thermometer uow to be deeonhed. 

The instrument is composed of solid metals of considerable spe- 
cific gravity, brads and steel, the specilic gravity of these metals 
being 8-3i) and 7-81 respeo- 

tirely. These metals are *^"'- "• 

therefore not liable to any 
apparentoompression by the 
water, which under a pres- 
Hire of WiQ atnioapheres, 
or at a depth of 5(KiO fa- 
thoms in round uimibers, 
acquires a density or8]>ecitic 
gravity of ro6. In tho con> 
ctruction of this iustrument, 
adTautafie baa been taken of 
the well-known difference 
«n Uie ratios of expansion 
and contraction byheataud 
«xild of braits and steel, to 
form oompoand bars of thin 
bars of these metals riveted 
together, and which will be 
found to assume a slight 
curve in one direction when 
heat has ex|)anded the braas 
mure than the steel, and a 
alight one iu the contrary 
direction when cold has con- 
tracted the brass more thau 
ihe stael. The indications 
«f the instrument record 
the motions under changes 
flf temperature of such com- 
pound bars; iu which the 

proportion of brass, the more dilatable metal, is two-thirds, 
asa of steel one-third. Upon one end of a narrow plute of metal 
•bout a foot long, a (Fig. 11), are fixed three scales of temperature 
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h, which ascend from 2J° to 100° Fahr., and which are showa 
more clearly in the diagram detached from the iustrument, 
Upon one of these scales the present temperature is shown by 
the pointer £, which turns upon a pivot in its centre. The 
register index g to the maximum temperature, and the index /to 
the minimum temperature, are moved along the other scales bj 
the piu upon the moving pointer at e, where they are retained 
by stiff friction. At equal distances from the centre of the pointer 
are two connecting pieces d d, by which it is attached to the 
free ends of two compound bars bb, and its movements correspond 
with the movements of the compoimd bars under variations of 
temperature. The other ends of the bars arc fastened by the 
plate c, to the plate a, on which the scales of temperature are 
fixed. The connection of the bars with both sides of the centre 
of the pointer prevents disturbance of indication by latand con- 
cnsBicn. The case of the instrument haa been improveri at the 
suggestion of Renr-Admiral Fit^roy, and now presents to the 
water a smooth cylindrical surface, with ronnded en«ls and with- 
out projection of fastenings. In surveying expeditions this 
instrument would be found useful in giving notice of variation of 
depth of water, and of the necessity for taking soundings. A 
diminution of the temperature of water haa been o^iserved to 
accompany diminution of de|fth, as on nettling laud or approaching 
rocks or shoala. Attention would also thus be attracted to the 
vicinity of icebergs. One of the deep-sea thermometers was 
suspended by Mr. Glaisher on a thermometer-st;«i)d for six 
months, and read daily in connectiou with atondani meteoro- 
logi<al instruments. During this period the readings approxi- 
mated to those of the best instruments. 

Mr. Johnson has received an award of "honourable mention" 
for hi.s vohitor and deep-sea thermometer; "for novelty of con- 
struction.*' 

(To be continued.) 
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Manual of Hydrology, By NATHANrsL Braromorb, C.E. 
London: Wateriow & Sons. 186:i. 

This is a comprehensive and truly valuable practical work, on 
a subject of which the importance is increasingly felt, and on 
whii;li reliable data and well-arranged ttbles are an essential 
requisite to successful pi-actice. We give, in the author's own 
words, some account of the circumslances that have led to the 
present production: — 

"Tlie wr>rk now laid hefure the public has arisen out of a smaU treatise 
called " Hydraulic Tables," published in May, 1H50; of which a second 
edition, in a very much extended form, wag issued in September, 1851. 
The prevailing idea of theite workti is dtwcrilied in the following extnwis. 

Firtt Ediition, May, 1860. — ' In the computation of hydraulic ques- 
tions duly requited by an ongtuecr, much labjur is asved by the 
vyftvmatit \ue uf tables; die meaac of dotecting errors are far greater 
than in isolated calculations; and the results, when tabulated, are more 
uMful than any mere formula: the one shows the object attained — the 
fitUct gives the means only. In the following treatise the author haa 
■■ndeiivoured to extend the basla of hydravdic calculationB on which there 
Rhould not be much differvnce of upiuiun, to nyatematic results; the tables 
are i-educed to uniform messttremeats throughout, and the range of 
lotuputations fur studies, velocities, Ac, i» Buch as will be requirad In 
(iractice; the whole being expreised in decimal measures. To these 
are added the genoiml qualities of materials, with computations (or the 
(trength of iron beams of approvi'd propi^rtiona, concluding with tables 
of numbers, &c.. generally requirt»l in » treatise int«ndeil for ordinary 
use of the practical engineer. The powen, roots, and logaritfams of 
numbers are appended in a simple and legible form, to save the labour of 
searching them from different works in the numerous requiremente of th^ 
profession. The oomputations of all the principal tables are original, and 
have taken much lime and labour. It would be ncarcely possible tc 
enumerate all the aathorities; among others oonsidtcd are— Du BuAt, 
fiofaison, Leslie, Bcssut, D'Aubuisson, Rennie, lie; without previous 
researches, it would be useless to attempt a treatise of this kind, and 
therefore, probably, the BugKcations of many have been useful, although 
not specifically acknowledged. The leading object lias been to induce a 
more general and systematic application of hydraulic formuhe to practroe: 
for the prinriples, being subject to the laws of gravity, must be uniform; 
therefore, however vatying the means and circumstances, the resalts 
should be oonsistent. The remarks npon ninfall and the produce of 
springs have been made rather to give eiamples than to propound any 
partioular theory. ' 

From Prtfcu* to Second Edition, SepUmher, 1851.—' Tlte fint edition 
of this work was raoeived with mooh greater favour tiiaa the author hi 
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Mb all expected; and, by the ktndnagsof hia friends, the sftle wu luge for 
K> techiuaal a work. This wiU be the best exoune for the new fi>riu in 
which thia book is offered. To extend the lue of this edition •> » hand- 
book for the engiueer, in matten relating to hydraolios and hydnMlyiuimica, 
mnoy uew tables liave been ooiutructe<l, and the table of cunstanta for 
time and height of high water and mean apring range hofl been inscrihoil 
from the Admiralty tables and various other sourcee. The introductory 
remarks on the uae of the tableo have been amended, and more iuforuiv 
tion ifl interwoven, chiefly ou our English iiTers. The original remarks 
oil tiilort and rivers ore limited, or otberwiae we should have been travel- 
ing out of the scope of thia treatise; experience and practice are the great 
guide; and, therefore, to obtain the best data for practical results, we 
Bav« carefully collated all the well authenticated data within our reach 
or pereonal experience, and luul them condensed into tabuUr forms. Tlie 
Mitbor has to thank teveral professional friends — Messrs. CuUtt, liendel, 
Rennie, iUmpeon, &c.— for their kind aasistaooe in permitting the uku of, 
JMid communicating original papers. He has also to acknowledge acces- 
[aible infonaation at the dig^xiaal of Admiral Sir F. Pteaufort, F,li,8. 
Captain Drinkwater B«thnne, and Captain Vetch, of the Admiralty 
Harbour ilepartment, whose published reports contain good data — not 
omitting to mention Captun Beechey's very valuable pubiiithed papers: 
others to whom we are indebted are name*i especially wbt-n the informa- 
tion is duo to them. Coiwirleruig the BUiall extent of engineering 
literature, and tlie imwense stores of kno«-lcdg« eoiuitantly ikocumulatuig 
in the office of an engineer, it is ti) be wished th.at more of these data 
Were placed at the public disposal, for it is on such alone that any tme 
theories can be congtnicted. The work here referred to was soon out of 
|irint. During the lung interval which has elapned it would have been 
eaay to reprint, but the author was anxioua to iiupnive tlu; w*)rk, and 
extend matter which was compiled originally rather in the form of notes 
than aa an exact treatLte, and with ounsiderable hesitation whether such 
dry figures would secure a reader. The practice of engineering has now 
baoome so wide, that the projection and advising in London on works 
situated in every part of the globe is a matter of cOuly occurrence; it has 
therefore been apparent, during the eleven years occupied more or less 
in collecting the data for this work, that it would be impjssible to take 
too wide a range for tlie infi^nuatioii tu be contained in a Iklauual of 
Hytlrology.' " 

The work ia in foar divisions: 1. Hydraulic and other tables, 
8. Rivera, flow of water, springs, wells, aud percolation. 3. Tides, 
eaiuaries, and tidal rivers. 4. Itainfall and evaporation. 

In Division 2 much iutereating ioformatioD is given regard- 
ing the Khine, the Po, and other European rivers; the Nile, and 
the Ganges. Plates are inserted, giving sections of some of these 
rivers, variations of volnmfl and height, comparative rainfall and 
temperature, &c. In Division 3, the Seine, the Gironde, and 
hIbo the Hoogly are treated of, aa well as the tidal streams of 
Britain. Division 4 dcAls with the j-aiufall, not merely of differ- 
ent parta of the United Kingdom, but also of India, the British 
colonies, France and its colonies, Belgium, Gerruaiiy, Denmaik, 
Switzerhvnd, Austria, Italy, and otlier principal localities. 

We think we need not say more in rfcommendatiou of a book 
that takes a place hitherto unoccupied in the English laugoage 
with regard to the branch of engineering of which it treats, and 
takes it worthily. No one who stands in need of data, or general 
information relating to hydrography, can well fail to consult the 
Manual with interest aud protit. 
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EMBANKMENT OF THE SURREY SIDE OF THE 
THAMES. 

Thk report of the commission appointed to inquire into tlie 
above-named subject baa been printed, and is as follows: — 

" We the undersigned members of your Majesty's Commission 
appoinCed to examine jilana for embanking the Surrey side of the 
river Thames, within the metropolis, and to report which of the 
aaid plans of embankment (vill, in our opinion, conduce with the 
greatest efficiency aud economy to the improvement, embellish- 
ment, and convoiiienco of tlint p.irt of the metropolis, improve the 
navigation of the river, and proi'ide a public thoroughfare with- 
out stopping such trarie a.s must he carried on upon the bank of 
the river, and also upon the cost and means of carrying the same 
into execution, beg Ut submit the following remarks: — 

The nature of the inquiry entrusted to us was made known by 
advertisements in the newspapei's, and twenty designs were sub- 
mitted for oonsjileralion. A snort description of each is appended. 
The authors have attended, giving full explanations, and stated 
their respective views, as will be seen in the evidence hereto 
annexed. 

We must here express oar opinioa of the excellence of many of 



the plans submitted to us; and although we cannot recommeod 
any one pl.-ui for adoption in its entirety as meeting all the re* 
quirements of the case, yet the principal features of some of them 
are embodied in the plan we have the honour to suggest. 

Some of the plana comprise the whole length of the Sorrej 
shore, from Deptford to Batteraea Park; and we have aocordinglj 
directed our inquiries to that extent. 

We propose to divide this district into three sections; the first 
extending from Deptford to Westminster Bridge, the second from 
Westminster Bridge to Vauxhall Bridge, and the third from 
Yanxhall Bridge to Battersea Park. 

With respect to the first section; as the existing thoroughfares, 
with the new street now being made between Southwark and 
Blackfriars road will, in our opinion, afford sufficiently convenient 
and direct means of communication for the traffic; and, as the 
flooding of the low-lying districts could be obviated by a more 
efficient system of drainage^ there does not appear to us any 
public necessity for an embankment and roadway between Dept- 
ford and Westminster Bridge. The formation of such a road- 
way would involve a vast expenditure of money, and cause a 
great disturbance of the trade and commerce of that port of the 
metropolis. If, however, the owners aud occupiers of such wharf 
propertyshould be desirooa at any time of constructing an embank- 
ment which, while increasing their own accommodation, woold 
insure uniformity of design, and inipro\'e the navigation of the 
river, we are of opinion that every facility should be afforded them 
for so doing, although we are unable to recommend that the cost 
should be defrayed by the public. 

With respect to the second section, namely, from Westrainstttr 
Bridge to Vauxhall, we are of opinion that a new^ and improved 
communication is necessary, and this, we thiuk, may be effected 
by constrncting an embankment and roadway between those 
points. The property adjacent to the river between Lambetli 
Church and V^^iuxhall Bridge ia of au inferior character. The 
wharf w:ills are insufficient to keep out the water at high tides, 
hence many of the streets are at times flooded, causing diatreM 
and sickness to the inhabitants, who are for the most part of tlM 
poorer classes. 

Between Vauxhall Bridge and Battersea Park, which comprises 
the third section of our inquiry, au embanked roadway would 
afford access to the Battersea station of the South Coast Kailwaj, 
aud to the goods station of the South- Weateni and Chatham aiM 
Dover Railways, would improve and embellish that part of the 
metropolis, and afford a convenient aud agreeable approach to 
Battersea Park from the densely populated districts of Liambeth 
and Southwark. 

We, therefore, humbly submit to your Majesty that aQ «n- 
banked roadway of about two miles in length should be formed 
between Westminster Bridge aud Batteraea Park, commencing at 
the east abutment of Westninater Bridge, on a viaduct of an 
ornamental character opposite ttie Houses of Parliament, as far 
as BiaiiopVwalk; thence ou a solid embankment to the north side 
of the London Gasworks, continued under Vauxhall Bridge as 
far as Nine Elms on a viaduct, aud thence upon a solid embank- 
ment, passing under the land arch of the railway bridge, and 
terminating at the approach road of the new Suspension Bridge 
at Battersea. The plan and section, which are appended to this 
rep<jrt, show the direction and levels of the intended roiid, and 
the arrangements proposed for accomodating some of the occupiers 
of tht: moat impoi-tant df the waterside premises; and in suggest- 
ing viaducts we have endeavoured not to intei'fere, more than is 
absolutely necessary, with the trades which must be carried on 
upon the banks of the river. 

The dredrring of the foreshore in the front of the embankment 
to a level of 5 ft. below low-water will (particularly at Lambeth 
and Nine P^lms) improve the navigation, com{^usate to a great 
extent for the loss of tidal water displaced by the scJid portions 
of the embankment, and, aa the foreshore will be formed onder 
the viaduct of solid material, and on a suitable incline, it will 
tend to prevent accumulations of mud where the shores are flat 
or uneven. 

Communications with the embankment would be madeatStac- 
gate, by prolonging Palace New-roail, and widening BLahop's- 
walk oil the western side, Cburch-atreet, Broad-street, VaaxbkU- 
row, High-street, Batteraea-road, near Nine Elms goods statioo. 
New Park-road, leading to Wand.sworth, and the station of tb« 
London, Chatham, and Dover Railway Company. 

The estimated coat of this work, including land and compen- 
sation, is ill, 100,000; but it is important to observe, that it tl»« 
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present fiivourable opportunity for carrying oat thia great work 
b« not at once embraced the cost will necessfirily be much greater, 
\fj moon of the increasing demand for land and buildings for 
trade purposes in and near to the metropolia. This scheme would 
be a metropolitan improvement; and with reference to the means 
by which the coat is to be defrayed, we consider that the coal 
and wine dues should be appropriated for such a further period 
aa may be necessary for the piirpose. 
All which we humbly report to your Majesty, 
Witness our hands and seals this &9th day of July, 1862. 
William Cdbitt. Edwd. Burstal. 

Joshua Jkbb. Henry A. Hvvt. 

DocoLAS Galton. John Eobinboji M'Clean. 

Henrt Kinqscote, Secretary." 



PRESERVATION OF STONE. 

Iir onr fourth article on thia important subject, we proceed to 

g've, as promised, a digest of tho process of Messrs. Bartlett 
rothers, Camden Town, for the induration and preservation of 
•tone; first however giving au analysis of the latest patent that 
IkAs passed the Great Seal having the same object in view. 
^lia patent has been taken out by Mr. Herbert Church, and 
is to a great extent based upon the late discovery of Professor 
Graham, that of obtaiuing an aqueoat solution of silica. We 
pay all deference to the discovery of such an important 
chemical fact, and feel deeply interested in the results; but, so 
tu as we are able to judge, the solution ia wrongly applied in 
this particular instance. The materials proposed to be used by 
llr. Church are an aqueous solution of silica, or an acid solution 
of silica, and caustic baryta. Beginning, then, with the ar^ueous 
solution of silica, let us mention a few of its peculiarities, and 
then leave our readers t^ judge bow far it id available for such 
uses as that we are de^cauliiig upon, in a commercial point of 
Tiew, The primary disijualificationa are — 1st. That it cannot 
be retained lon^ in solution, but gelatiulaes in a comparatively 
short apace of tune. 2nd. Any agitatiou by transit or otherwise 
at ono« produces thia thickening of the solution; so that in either 
ease, from either cause, it is rendered inutile for any purpose 
where penetration ia easeutially necessary. None other than a 
comparatively limpid and true solution can enter the poi-es of a 
stone for any purpose whatever. Aa to the cost of the solution 
made by the agency of the dialyaer, it must be considerable, and 
we cannot yet see how it can be prodnce<l at commercial prices, 
for purely no cost of induration should exceed the differenee in 
price between a soft stone, and one that is hard and poaseasing 
the maximum degree of durability. 

Before leaving the aqueous aolutiom of silica, we would ask, 
wherefore should the potaah bo withclrnwu, when in thia alkali 
we have a valuable adjunct for all combinations with other bases'? 
Let us illustrate our assertion by a well-known fact in nature's 
operations. Felspar is a compound of silica, potash, and alumina, 
and forms one of the constituents of our standard of durability, 
granite, and it requires the action of centuries to reduce thia 
ralspar to au inferior condition, yet is this at last accomplished 
by the removal, by atmospheric iuflaence, of the potash. Hence, 
maj we not infer that the presence of the potash is absolutely 
necessary t Of course, with that which is over and above the 
Correct equivalent we have not been dealing; but even a slight 
excess ia a matter that requires due consideration, before we 
eould pronounce it in the least degree harmful to the stone. In 
•oma stones, indeed, we are prepared to say it certainly is not; 
and in our last article on this subject we find Messrs. Coombe 
and Wright providing, by the uae of silicate of potash, for any 
deficiency in the stone of this material; and not only in felspar, 
but also in the mica of tho ftlutouic rocks do we find a large per- 
centage of potaah, as the following analysis will abow:— 



FeUpar. 

Silica ... 

Allin^ina .,. 

Lime 

Potiub 
Water and loss 



63'74 
1714 

3 00 
1306 
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Silica ... 
Aluuiina 
Potuh 
LoM ... 



Mica. 



63-75 
2402 
21-86 
00-28 



100-00 100-00 

HaTing thus proved the durability of these silicates of alumina to 
be dependent to a large extent upon the presence uf potash, we 
natorally deduce that the total removal of the potasL is a dia* 



qualification and hindrance to the combination of the silica with 
another base. 

The second solution proposed is an acid solution of silica; 
in fact, the very solution from which the former one would be 
separated by the dialyser. This solution ia nimie from a silicate 
ofsoda or potash neutralised by an acid — say hydrochloric — and 
is, as the inventor s^iecifies, made decidedly acid. We cannot see 
any advantage in this solution over the fluo-silicic acid, except in 
pnce; plainly all the disadvantages of an acid action are there 
present, and these we have already enumerated when dealing 
with the fluo-silicic acid process of Messrs. Coombe and Wright. 
We then come to the baryti; this, says the patentee, must be 
caustic baryta, used by preference of a temperature as nearly as 
conveniently to boiling heat. We cannot attempt to remove the 
prejudices that will at nuce present themselves against such a 
caustic solution. Touching the commercial part of the matter, 
we must however say, that {aa fairly acknowledged by the 
patentee) on the least exposure to the air, it becomes covered 
with a pellioule of carbonated material; and we might also ask, 
what substitute for brushes is to be found fur manipulation, as 
all known kinds would, in a few hours, be reduced to a rotten 
pulp ? 

Here however we leave the materials : and now for Iheir 
application and combination. The patentee purposes, by the 
application of two solutions separately applied, to produce a 
mutual decomposition in the pores of the stone of the materials 
so applied; thus silicate of baryta ia said to be deposited. The 
insuperable objection to the use of two solutions has always been 
the uncertainty of the proportion in which the separate solutions 
shall be presented to each other in the atone, and the difficulties 
arising from the liquid passing that which ia already decomposed 
on the face of the stone to the interior. These difficulties have, 
to our minds, been always insurmountable; and the patentee 
seems to have his doubts, when he speaks of the use of vacuo 
and atmospheric pressure to etfect the entrance to a desirable 
degree of the solutions into the stone. We cannot but look on 
this patent as identical with that of Mr. F. Ransome; and this 
ia another instance in which we have to advert to the difficulty 
of obtaining valid and secure patents under the existing state of 
the patent law, and the necessity that exists for patentees to be 
well advised in this nmtter. Were either of these patents worth 
litigation, we plainly foresee that litigation would take place, to 
the vexation and damage more or leas of both inventors eugaged. 

Respecting the process of induration by silicate of alumina, 
referred to in the commencement of this notice, this substance 
appears to fulfil to au extraordinary extent the requirementa 
that past experience in the matter have shown to be necessary. 
Silica has ever been known to possess a great affinity for alumina, 
especially in the presence of an alkali. Fuchs says, " alumina 
combines with silica to form au insoluble product; thus in the 
manufacture of water-glass, the quartz should nut contain any 
alumina, and the intaluble residue left behind when the mass is 
dissolved in water is probably owing to the alumina which the 
glass has taken up from the glass pot." In the same pamphlet 
by Fuchs we read, " If for instance a burned plate of potters' clay, 
which possesses no particidar hardness, and can be easily broken 
in pieces, is saturated with moderately concentrated water-glass; 
and if the soaking be repeated when it has become dry, it is ren- 
dered so hard that it resists both chemical and mechanical action 
which is made to bear upon it." Here, then, we have the highest 
and moat uncontestible evidence of the affinity of alumina for 
silica and its enduring results, as far as insolubility is concerned; 
and looking at the constituents of granite, as given io the aiudysiii 
of its mica and felspar, we find this enduring material to consist 
chielly of silica and alumina, and almost whoUy of silica, alumina, 
and potash; and by a parity of reasoning, a process that will 
secure the impregnation of stone by these substances, seems to 
leave little to be desired, so far as its materials are concerned. 
In tho case of a siliceous stone, where lime is altogether absent, 
we should have an artificial mica deposited in the stone; and 
where lime is present it would be found entering into oombina- 
tion, and without doubt producing an artificial felspar. The 
completeness of thia process has been already remarked upon; 
for if the before-mentioned elements did not admit of roanipula- 
tion in a perfect manner, the whole system would prove out a 
beautiful theo^, not reducible to practice. An extract from the 
' Annalea dee Fonts et Chaussdes' will show how far we are cor- 
roborated by M. Kuhlmaiui in our statement, who had already 
theorised in the matter. Failing in success with the silicate of 
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potash or water-glass teuJement, he tried faydro-flao-eilicic acid; 
and then advancing another atep^ the 'AnnaJes' state, " lastly, he 
has obtained excellent reaults from the fixation of potaah Iq the 
aoft limegtonea by aabatituting aluminate of potash for the 
hydro-flao-ailicic acid, the employtneut of which he has advocated 
with a view of forming in the stone a, compound analogout to 
mica. He thus replacoa mica by felspar, which likewise fixes 
potash in a state of insolubility. From this also he conchuiea, that 
in calcareous stones the presence of alumina alone may explain the 
fixation of a certain proportion of potash, and ought to remove 
every fenr of any alteration in silicified limestone by the alow 
action of lime." 

Now here we undoubtedly have the theory of forming an arti- 
ficial mica or felspar in the stone by the use of aucceasive appli- 
cations of silicate of potash and aluminate of potash ; bnt as 
M. Kuhlmann from that date (1858) to the present time has not 
carried thi."« system into practice, we deduce, as well as from our 
own experience, that in practice the application of two solutions 
in a separate form failed in practical working. To Messrs. 
Bartlett Brothers, then, are we indebted for the oompletioa of 
the theoretical systems of both Fuchs aud Kuhlmann, inasmuch as 
they have discovered that in an alkaline menstruum the silica 
and alumina may be used (with proper limits as to time) as one 
solution; thus, wherever the one is conveyed the other is present 
in its due proportion, leaving nothing to chance either concemiug 
the presence of the re-agent or its due proportion. If then aatu- 
ratinn of a porous body with the elements of niica or felspar, for 
which element it bus a great affinity, adds to it hardness, dura- 
bility, and consequent resistance of the injurious effect of time 
and atmosphere, certaiuly that is effected In Messrs, Bartlett's 
process; and whilst we may look upon the "honourable mention" 
of the jury of Class II. as coafirmntory of this opinion, we cannot 
see why their approbation should have stopped short of the 
award of a medid for the uutiriug peraeverance and energy that 
has developed so satisfactory a solution of this important ques- 
tion. 




FOREIGN ENGINEERING MODELS AT THE 

INTERNATIONAL EXHIBITION, 1862. 

(Continued from page 2 44. J 

A sectional model one-twentyfifth the full size is exhibited of 
the Artesi.'ui Well at Passy, together with models one-tenth the 
full size of the appliances used in sinking it. We still avail our- 
selves of the a*lminible descriptions given in the French work 
already referred to. The well was begun in September 18.55, witli a 
diameter of riO metre for the first 53 metres, which traverse the 
clay. After this first portion was lined by tubiu^;, the shaft was 
continued one metre in diameter through the chalk. After some 
accidents, such as breakage and loss of the tools at the bottom of 
the well, which aiused but short interruption of tlie work, a depth 
of 5'2S metres was reacheil at the end of March, 18.57, when the 
upper tube, which had been maiutaintug the pressure of the clay, 
collap.sed. During a space of .six months it was vainly sought to 
repair tho damage by the usual modes of tubing artesian wells. 
It then became evident that more energetic means must be 
•mployed, and larger dimensions given to the shaft where the 
bad fallen in and become soakeil by land springs. The 
years 1858 and 1859 were occupied in sinking a cast-iron cylinder 
Of);i5 metre (about 1§ inch) thick, and 3 metres in diameter, with 
fluus^e joiDis, as far as it would go; streugtht'uing this cylinder 
(which had been cracked by the pressure of the clay) by iron 
stays : continuing the well to the chalk 53 metres below the 
ground level, by means of two other concentric cylinders of plate 
iron strengthened with angle-irons; and afterwards lining all the 
interior with m.-wonry, thus reducing the diameter of the well- 
shaft to riKI metre. In 18f><), the npper part of the well being 
thus repitired, the old sinking in the cbalk, of which the sides 
had storHl, was cleaned out, and the siuking continued to the 
depth of 535 metres. A wooden lining was then let down, and 
lowered as the work proceeded, but this lining could not be got 
lower than a depth of .550 metres. 

In order to continue the shaft, an inner tube formed of iron 
plate 2 ceuUnietre.s (about flinch) in thickness was sunk, and 
thus a depth of 57f>()0 metres was reached. At this depth the 
borer met with a water-yielding bed (in May 1861); but the 
water rose only to within 3 or 4 metres of the groun<l level. The 
work of sinking was proceeded with, and in September following, 



after having gone through a bed of clay, a second bed of aqui- 
ferous sand was met with at a depth of 586'50 metres. The 
flow of water was plentiful and in variable volume. 

The present yield of the well in the twenty-four hours is 6200 
cubic metres, at a level of 77*15 metres above the sea, or 24 met. 
above the ground level; 

7,400 metres at 7315 metres 
f»,80O „ 66-25 „ 

12.800 „ 59-82 „ 

lfi.300 „ 68'32 „ 

(or at the ground level). 

The instrumentfi used were the sinking tool ^a huge chisel 
armed with teeth), having a vertical motion, ana breaking ap 
and pulverising the earth, and a scoop with a valve for bringing 
np the stuff. The work was thus done by percussion, without 
any turniug motion. The cost of the sinking amoonted to aboat 
one million of francs, or £40,000. 

Well worthy of inspection are the models of dams or weirs, 
formed of swivel floodgates (Itatute* mobiles), which open when 
the water reaches a certain head, and close again when the bead 
is sufficiently reduced. The models exhibited are one-tenth full 
size, fnid represent works coiiatructetl or in course of construction 
on this system on the Upper Seine, the Yonne, and the Mame. 
The model which exhibits the arrangement adopted for ten of 
the dams on the Marne is particularly interesting, as showing 
an ingenious hydraulic method of raising or lowering the flood- 
gates. Each gate is m.'ide twice the depth of the movable dam, 
the pivot being level with the bottom of the dam, and the lower 
half swinging in a sunk chamber of the form of a quarter cyliuder, 
formed of plate iron, into which the water is admitted on one 
side or the other, according as ihe upper portion is required to 
be raised or lowered. This modification is due to M. Louiche 
Desfontaines, a chief engineer of the Fonts et Chauss^ea. 

The Brest Swing Bridge is exhibited in a model one-fiftieth 
the full size, and further illustrated by a model, one-tenth the full 
size, of one tower with its mechanism. This bridge forms the 
communication between the towns of Brest aud Recouvranoe, 
across the Peufeld, which sepamtes them. The clear headway at 
high-water is 19'50 metres, and the distance between the faces of 
the abutments 174 metres. The width of roadwav is 5 metres, 
and that of each footway I'lO metres. The two nalves of the 
swing-bridge rest each on a circular pier having a diameter of 
10*60 metres at the top. These piers are 117 metres apart, from 
centre t') centre, leaving a clear opening of about 106 metres. 
This is equal to the width of the channel forming the military 
port, so that the construction of the bridge, which is at the 
entrance of the port, caused no obstruct on to the movements of 
the vessels of the navy. 

Each half of the swing-bridge is 7"72 metres deep at the face of 
the piers, and 1*40 metro at the end, and is formed of two openwork 
iron girders, having T top and bottom flanges, and bracing 
formed of standards and St. Andrew's crosses. The lateral Bti£r 
ness, so necessary to a swing-bridge, is secured partly by a 
complete network of bracing connecting the bottom flanges of the 
two girders, while above n pl.atform of two layers of timber with 
the joiuts crossed contributes towards the same end. The tail-end 
has the form of a box, and contains the counterpoise weigh s to 
balance the fore-end. The spacing of the standards of the 
ginlers is so adjnsted as to bring two standards of each girder 
right over the ring on which the bridge travels. Thus four 
principal points of support are obtaine<l, which are strengthened 
m u special nmnner by means of columns. These columns are 
connected by four strong crosses of St. Andrew, and traversed by 
a circular tower of iron plate of strong construction, and provided 
with phiiforms at top and bottom. Ihe whole arrangement thus 
forms a firm and compact structure, connected at once with the 
girders .and with the travelling ring. 

The arrangement of the rings h.is much iu common with that 
of railway turntables. The details are, of coarse, on a oooside- 
Rtble auile, the luad to be dealt with being about 600 tons, and 
t!ie diameter S) metres. The number of rollers is .W; their mean 
diameter (t*.50 metres, and their length 0-60. The rings were 
turned on their faces, upper and lower, with peculiar care ; and 
for this purpose a speci.il apparatus had to be made at Creusot, 
at a cost of 75,000 francs (.£3,000). The fixed ring has teeth 
in its external circuniferonce, in which works a pinion having 
ita shaft fixed in the moving ring. The other end of this 
shaft carries a toothed wheel, which is worked by a second 
pinion horizontally fixed on the driving-shaft. The Utter 
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vortical, and cornea as high as the platform of the bridge, 
where it carries a crosa-head furnished with capstan bars. By 
this arrangemeut the men who are working the bridge can see 
what they are doing: and there la also the advantage that the 
moving power can readily be increased in case of need. As soon 
as the bridge in in plaee the cross-head is lowered beneath the 
platform, which is thus left clear for the traffic 

In orfier to make the roadway aa steady as possible while 
carrying the traffic, contrivances are added for levelliug the 
bridge at the fore and tail-end of each of the swinging portions. 
At the fore-end there are iron screws, which are driven from the 
one-half of the bridge into the other when closed, so as to eteadv 
the junction. The tail end is fumiahed with levers, by which it 
is brought to the level when the bridge is in place. An iageniona 
mechanism is provided for raising each half of the bndge by 
l^ydraulic power, 90 as to enable the rings to be repaired when 
neoeoKuy. 

The preceding notices have sufficed but to aketch a portion of 
the engineering models of our continental neighbours, and the 
works which they illustrate. The whole display, in the French 
department more esj^cially. is highly honourable to the exhi- 
bitors. And acknowledgment is due not merely to the professionat 
skill and ingenious resource everywhere manifest, out to the 
broad and liberal spirit, and the faithful and lucid exactness, 
with which every circumstance, detail, difficulty, or expedient is 
brought forward to contribute to the common stock of scientific 
experience. 



HOTES OP THS MONTH. 



Reportt of the Juriet qf the International ExhUritionf 1862. — 
The Council of the Society of Arts have undertaken, with the 
00-operation of H.M. Commiasiooera and of the Juries, the pub- 
lication of the Reports of the Juries descriptive of the progress 
of industry since the Exhibition of IS51. The production of this 
work is intrusted to Dr. Lyon Ptayfair, the special commissioner 
of the juries. 

Ditcocery of a Mediavai Tryptich. — In the recent clearance of 
pews, galleries, shrines, and antiquities in the choir of Hexham 
Abbey, the Ogle Shrine, which had been converted into a pew, 
was taken down a.s well aa everything else. It stood on tlie south 
aide of the choir, occupying one bay, from pillar to pillar, and 
was enclosed by open-paoelled and carved oak screeuwork of 
Perpendicular workmanship, the interior of which was snugly 
covered with green baize. When this covering was torn off, the 
altar-painting of the shrine vas found to be in tittt. This 
interesting relic, doubtless thus hidden since the Reformation, is 
a tr3rptich of the 15th century. It has a massive frame of oak, 
4ft. 3in. by 6ft. 6in., of the same character of mouMing and carv- 
ing ua the screeuwork empaling the shrine. The three panels of 
the picture are of an uniform size — 1ft. lOin. by 3ft. Sin., ami the 
vabjects in each are confined within an outline of a vesica form, 
and enriched with diapered backgrounds. The oenbre compart- 
ment represents Christ in the act of rising from the tomb, the 
lower half of the fissure being c^mcealeil by the decorated aide slab. 
The eyes are closed and head bowed down, an expression of incon- 
ceivable sorrow and corapa.'wioii pervading the features. Blood 
atreama from the crown of thorns and from the wounds. Above 
the crown of thorns, which ia curiously raised in slight relief, is 
a gorgeous nimbus, which, it is evident, once blazed with gold. 
This ornament is in bold relief, as are two candlesticks placed on 
either aide of the tomb. Below the tomb and behind the nimbus 
and in other interstices there is a diaper of gold sLirs. A wavy 
veaica of clouds confines the whole, which stands out thus cloud- 
encircled from a deep crimson backgrouud, diapered with hex- 
agonal Bombre-coloured rosettes, each rosette containing the 
letters LH,C. painted in the same tint The compartment to the 
left of this contains a full-lengih figure of the Virgin lioldiug the 
InOant Christ on one arm, and a sceptre, announcing her sove- 
reignty as queen of heaven, iu the other hand. The nimbus of 
this figure isal^to in high relief, and is more elaborate in design 
than that up^m the head of Christ. A raise<l nimbus surrounds 
the head of the Infant, and the sceptre is richly ornamented iu 
relief. The robe of the Virgin is of n crimson colour, and has a 
small geometrical pattern upon it. It is fastened upon the breast 
with a row of embossed clasped ornaments. Over the arm on 
which aho holds the Child and below her waist falls a piece of 



amber-toned drapery covered with fleura-de-lys. This figare 
is surrounded by a double border of golden rays following the 
same vesica outline, behind which the background is diapered 
with starry circles. The third compartment is filled with a 
representation of St, John. He bears in one hand a chalice, 
in the other a palm bi-anch. The edge of the chalice, ita 
stem, and its base, together with the nimbus of the saint, 
are all rendered in the same character of ornament as that 
of the other subjects, but of different desigus. The vesica out- 
line of this painting is forme<l by a flowing scroll-like pattern. 
The diaper of the backgrouud is similar to that of the Virgin's 
panel. Portions of the curious niised ornament are lost, and the 
base of the centre panel has been used roughly; but, t\king into 
consideration that the pictcirc has, unknown, formed pjirt of a pew 
for perhaps three centuries, it is in wonderful preservation. 
According to contract, as part of the "old materials," this rare 
relic became the pruperty of the joiner, of whom it has been 
purchased by Mr. F. E. Wilson, architect, Alnwick. 

Proposed new BuUdingfor the Patent Office. — The Comraisioners 
of Patents have just communicated their report to the Lords of 
the Ti-eaaury, on the subject of building a new Patent Office 
Library and Muaeum, and they report favourably on the under- 
taking. The document recnpituUtes the report made on the 
same subject by the CammiBstonera of Patents in 1855, which 
recommended the provision of increased accommodation and faci- 
lities for the researches of persons interested in inventions and 
patents. The present commissioners state that in 1860 they 
saggested Fife House and gardens iu Whitehall as a convenient 
site for the Patent Office buildiugs and museum, and one that 
would unite all the necessary requirements. The question of the 
embankment of the river stopped the way at that time, and hen :e 
ne;::;otiatioiis were again .suspended. The report st'xtes this 
difficulty is now removed, and it is consequently open to her 
Majeaty^s Government, if it should thiuk fit to do so, fortliMrith to 
appropriate the site of Fife House for the erection of the Patent 
Office buildings. 

An Underground Railuiayfar Parte. — When the Prince Napo- 
leon was in London lately, he went over the Metropolitan Railway, 
and, on his return to Paris, he reported so strongly in fiivour of 
it that the Emperor bos already, it is said, ordered a subterranean 
tine from Montmartre to the Louvre, to be commenced forthwith, 
and h.ia appointed Mr. Fowler consulting engineer to the 
undertaking. 

Kitchen Ranges in the International Exhibition 1862. — An 
inspection of the different arrangements of kitchen ranges dis- 
played at the International Exhibition inClna<).31,and an examina- 
tion of the advantages claimed for them by their inventors, would 
well repay those interested iu the subject, the opportunity for 
comparing so many varieties in one place being rarely afforded. 
The coHectiou, although containing many examples which appear 
at first Bight to embrace the necessary requisites to secure eco- 
nomy and efficiency, is yet., with very few exceptions, singularly 
deficient of ex/trnplea exhibiting features of useful novelty. The 
number of exhibitors of cooking apparatuses is about forty, of 
whom only five or six adopt the old-fas hioneti form of open grate. 
In the majority of them an enclosed fire-place is substituted for 
an open one, a great improvement which, after having been long 
unavailinglyl urged upon public attentiou by scieutilic men, and 
one or two of the more skilful man ufacturers, received a con- 
siderable impulse from the Exhibition of 1851. The course pur- 
sued by the exhibitors in most instance:^ appears to have been to 
imitate one another, displaying but little earnest endeavour to 
remove even those defects in the generality of " close" ranges 
which the experience of the last ten years has rendered noto- 
rious. These may be briefly stated to consist in the absence of a 
satisfactory arrangement for roosting meat before the fire without 
interrupting the use of the oven, &c.; the inability to control the 
too great rise of temperature in the kitchen; and the annoyance 
occasioned by the odour of cooking t>eing diffused over the bouse. 
In addition to these evils, iu the majority of cases a faulty con- 
struction of both firw-place and flues has prevented that real 
economy of fuel which the close form of stove was intended to 
secure, and of which it is certainly capable. The kitchen range 
(No. 6002, class 31), manufactured by Messrs, Brown and Green 
of Bishopagate Street Within, we have inspected in operation, 
and it appears to as completely to remedy the defects eoutnerate^l 
above; as yet it is the only one of which we can say so much. 
This range is 14 feet in length; contains four roastan or ovens. 
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aod three boilera. It ia stated that it is capable of plain cooking 
for more than 2000 persoDfl, with a consumption of leas than one 
ounce of fuel a bead, and that this result was proved bj a trial of 
this particular range by the Inspector of Cookery for the lumy, 
by onler of the War Department. Similar advantages are secured 
in the smaller ranges on the same principle, for family use. This 
firm was one of the first to manufacture close cookiug-rauges in 
England, providing ovens properly heated and ventilated, and at 
the same time supplying a deliverance from the intolerable smoke 
nuisance. From^ that time to the present, nearly a quarter of a 
century, they have devotod their skill and ex|>erieuoe to perfecting 
their invention. The apparatus exhibited ia the largest and by 
far the handsomest kitchener in the building ; and in addition to 
the special merits of its arrangement and simplicity of action, 
reflects great credit upon the firm for the exoellenoe of its work- 
manship and finish. The award of a medal in thia instanoe we 
heartily approve. 



GZiASBIFIISD IiIST OF PATEINTS BTiAT.Tin IN AUG. 186S. 



9M MooctoD, E. H. 0,— OUainliig of ftaimniiia by BlBctridtf irrm tbe products of 
ooaboitlon —Jtatuaj SI 
Bctoarwectaa, P.— Treauneat of tfttty niAiten— Jttuuar; SI 
ISTl OofUM, W.— MangAeture of aoa^— ¥ay T 

461 Btoehr, B. M.— OombinaUfla of mufucM with oUisr metal* (oom.)— Febnurj 20 

4tf Pstenoo, J.— Bobantitt •nlnaJ elwrooal (oom.)— FabnuiT 19 

Mt Toir, J.— Bebarniag uJauU duutnal (ooat.)— Febnurj- ST 

414 „ Vm of uilmal obutoal ( oom.)— Fabrnur 30 

4M ., Mauolictiire of mgar {eom.j—Teimarj SO 

471 Boa*. W. H.— Mjumbctnre of ngv (oom.)— FebniaiT SS 

68i Milter, W. — Mjuafiutare of Ngar (ooni.)— Fefaniuj 28 

M8 BeuioU, W. J.— SolatioD for um with Fortland cement, Ac.— HaKh 10 
1081 Newtoa, A. V.— Uanafkotnrs of tdutjng powder— April 16 
IStl Cheavln. a. & Q.— Fllt4uiD( •ppustna— April 16 

479 White, D. B.— Air-tight veaeeu for oontoioiug Uquida— FebfUkr; SS 

414 Birdadall, J.— Preparing hltte* for tknniiig— Kebnurjr 17 
S40 Oickaoo, J.— ProdnctioD of ToUoloeloctridtj— Febnuxr 10 

ST8 Meooons, A. F. M.— M « n af* rt nre of numiree (oom.)— Februrr » 
144 Wood, W. — Uuiuliiiclani ofUquorioe (»kei — Febnuuy 11 

8t9 MeaooBi, U. A. F —Vkpoor b«thi (com.)— February 10 

4SS Hoghoi, K. 1.— Oollectioc gas fkom fornaoea, &a. (oom.]— Febmar; IT 

367 SohaUon, Hermaon— Oaa meten— Juoary U 

Tit Meyen, T.— Ou ineteta— Uansh 17 

484 Mennoa*, A. F. M.— Heating bj gu — February SS 

444 Davi*. Wm.—IncreaiiflglUamlnatinc power of gM—Febnuu7 19 

486 Johnatoa, W.— Oaa tampi or etoTea— Febnuuy *i 

4B5 DftTla, L., aad Furkee, F. M.— PradactlM of gas for lighting. Jic— Febmarjr 34 

1S48 Owynne, J. X. A.— Osntrifagal pomp— AprU S9 

ITW Appald, J. O.— Rtuulaliiig Sow til air, gas. Or water— June 10 

ttS King, T , Varriil, K. — Appantoi for regnUtiagthe flow of water. Jut.— Feb. SA 

643 Wood, W. 8.- Apparato* for regulating the torn of itoaia— Velinai7 ST 

499 Camaby, J.— ViJre* die. of gai jptpee— Fefarnarr >6 

6SS Adams, F.—Valvea &c. of gas pipes — Febniary 27 

406 Hack, T., Carter, A. E.— Screw oocka— March 

S86 ToUukiuen, F. — Tyre of railwajr wheels [com.) — Febnuiy I 
S98 MiK:kinDell, J. £.— Kailwaj brakes— FeWuaty 18 
646 ftlakiiuon, A. W.— LooomullTea— Fohniary 28 

lOao FumeU, S. C— Sdf-aoUng indloaMi* ilgnal— April 10 
169 Johasoo, R. - Welding wire* |gr (elecnipM, 4o.— Fobroar; 11 
848 Haworth, J.— Taliwnpbic signals— March 27 

415 ChattertoD. J.— Xeraniipbicaabisa— Febniai7l6 
688 Bright, Sir C. T.— Electrie telegtapha— Febniary 87 

614 Cook, H. W.— New inoda of propeUiog caniagei bf eleetrliQitj— FebruaiT' 36 

S84 Lancaster, C. W,— Btreagtheiilna ocdnuoe of CMt-iroo— Febnurr 8 

389 Meaklns, T. M.— Obtalolng ezpIadTa fcroe, and in pngeeUIes— Fabruar; 4 

874 HortloT, Jan. -Breech loading arms— Pebniarjr IS 

696 .*^id«bott«m, J. — Kiru-anns and projectllM- March 6 
1668 Vowtoo, W. K.— Shot-proof lowers and their working— May 31 
1798 /.ibDauD, J. H.— ProjectUea (oom.)— Jane 18 

488 Haddan. J. C— Small anna, artUlerr and projectilea— February S4 

SOS Button, F. J.— Rifle etoppera and oil bottlee— Pebruarr 11 
1884 Victor, J.— Maautsetore of safety fhsee for mluhig and other pnrpoae»— llky 6 

330 ToDkio, J.— Mannbctun! ufganpowdcr— February S 

368 Hetherington, J. — Splnnlni; machines— Pebmary 11 

419 Crawford, H. 8t J., tompletoo, K. Weaving looms— February 17 

473 Kirkwood, J.— Wearing luonts— February 3V 

1886 Lord, Josiah. — UeaTing looms— June 27 
448 Uamer, W.— Frepsiins cotton *c.— Fobroary 31 
410 Sedgbnaon, J.— MaoUneiy tiu- preparing cotton. Ac-Febraary IT 
440 Kriedhuder, J.— Scntchingniachines-I^bmarySO 
604 Watwo, T., Dracap, B.— Wool ooubing machines— FAbraary 16 

1880 Taylor, J. — Doffor for carding anclDe— June 31 

1189 Newton, W. E.— Mannfacture of lace or opon (kbrici (cam.)— April SS 
All FoAicr, J. R.— Manufkcton of bollioD ftinge or oord — Febraary IT 
408 Turner, C— Pelted fabrics— Pefamary 16 
476 U'-'baiituJi.— Felted tebries— February Si 

430 Petidlebary, J. T.— Machinery for fl>l4ing or plaiting doth— February 19 
493 Kirkham, J. N.— Bleaching and dyeing yarn in tbe cops— February 34 

844 Lindemann, O.— Dreoiing yvni by ns— Pebmary 11 

164S Newton, A. V.— Mactalneiy for bresiUng and fiMJiine flax (com.)— J one 3 

845 Bmith, G.—Shawla— Pebraaiy 10 

398 Vortoa, J. L.— Beating, stretchins, and dyeing Otbrica— Febnary 4 
841 MeOonal, J. J.— Secorlng bales of ootloo. and other good*— Fobmary 11 

469 Spenoe, J.— Mode of tranihlppiBg grain (putlj a (ma.)~Febinur]r 21 
4M Craase, E. B.— Boring maehinery— February U 
HttaUb, WoL—BtickM, UJes, *c.— February 1 



811 Bamlett, A. C. — Beapiog and mowing machinei — February 8 ^| 

1644 Xowton, W. E.— Haodlee at shovola, dung forks. 4ce. loom.)— Jom 3 ^ 

1690 Newton, A. V.— Oraia harrestars— June 4 

611 QranMon, W. M.— Reaping and mowing machines (partly a coo.)— Fefarnary 36 

666 Reynolda, 8. Q.— Fowor-spadins maotuMS — March 1 

904 McCraosioD, W. — Beaphg macnines looa.}— Uareh 11 

484 Firth, W.— Plonghing or digging maohtnaa— Fshraary 18 

467 Wood, C— Hone rake* — Febraary SO 

608 Fiddington, J.— Machine far hosUng nmin— Febmary 36 

681 Smith, J.— Machine fordryiag grain— Febroary 38 

483 Foeter, R.— Hortienltnral bnfl£ngB— Febnary tS 

613 Kin^nrd, C.— New eompoeitian for mMiaflMtm tt bread— Feb niuy 36 

887 Oamngton, J.— Stalls and bor«»-boxe^— (•'ebroaiy B 

349 Davis, Wm.— Oarfc-oatting-Janaary 80 

388 Clark, Wm.— Preserving and culDuring wood {oom.}— February 8 

838 Clark, Wm.— Preserving Umber— February 7 

688 Bray, T.— Ornamenting wood in imilatkin of inlay— Fetnuy 37 

893 Qreen E.—Unttooa for dreMiet— February 13 

848 Binahaw, A.— Hooped skiru {oom.)— Febnuiy IS 

804 Aman, Q. J.— Envelopes or bags for post paroels- Fetaraary 13 

440 SkeUem, B. H.— Self-inUng hand-stamp or press— February 31 

889 Burrows, Q C— Lounging seats, diairs, &c.— February IS 
BCl Fyfe, J.— Knapsacks— February 11 

tS3 Btooinan, R. A.— Stereosoopio albonu, &c. (com.)— Fohroary 7 
880 Belstaedc, P., Becker, W.— Locks to bags, portmanteaus, Kc-Febnuiy 
847 Clark, W.— Refleotan loom.)— Febniaiy 10 
808 Bobb, J.— VentUaUon- Pefamary is 
864 NouAlhier, E. T.— Ventilation- March 38 
481 Ward, B. -Ladies' saddles-February 21 
474 Mlllingfaam. J.— Hearts -Febraary 23 

746 Meuoooa, M. A. P.— Means uf arresting runaway honws (OOD.)— Manb 11 
416 narrimn, A. H. — Under gannenti— February 16 
444 wiloox — ManufM:^u« of frUhi or rallies - Fsbnary 18 
430 Lea«, J.— Bat and mice traps— Febniaiy 18 
61)5 ClJirk, W.— Tofaaoco pipes (OOOl.)— Febraaiy U 
6S« Smith. W.— Cigarettes (com.)- Fehrwary 97 

1713 Hiueliiue, O. — PhotoKraphic camera (oom.) — June 7 
448 HiaUin, tv.—Bairo^- February 19 
089 Hldie. L.— Aneroid banimeler and staam g aug es March IS 
637 Clark. W.-daspa for jewellery (com.)- Febniary 20 
438 WatUua, R. — l.juups and materials for conbttstioD— Ftobnuuy 18 

1861 Newtou, W. £.— Manufictaro of artiflclal leather (coin.}— May 81 

647 BalUff, J. C— Covem of blotting cases- February S8 
480 Uakey, 0. S. Jt J.— Legnngs or ^t«r*— Fehmary 38 

1660 Chanbart, L.— Method oifrMiing water lewis in canals, 4cc.— May 81 

486 Manetti, T. C, Watsoo, J.— HolM-Febroary 19 

467 McAdam, W., Chrystal, W.-PnlUes-Febnary 31 

T61 Dnnn, T.— Cunstrtictioo of rooti, bridges, Ac- March 18 

466 PicUn, R. & W. E.— Carriage bodia-Febraary 31 
1163 Robertson, A.— Appuratoi for projecting fluida— AprU 33 

480 Waller.— Uoota auJ shoes— February 'li 

404 BUn. K., and Lamplougb, U.— Viewing micrascc/pic pbotographa— Febroarr i 
1410 Critchley. J.— Panwaols Ac -Ma; 39 

899 McFarlane, T. O. -Sewing machines -February 14 
967 Ltndlev, L Taylor, P.— Sewing maehinat— April 4 
1134 Bousttold, O. T.— Sewing mac^es (oonLl— April 17 
664 BnuUord, T.-Washiug msnhlnnn Msrrii 1 

601 FartiogWn. E.— Proparing rags for paper— March 6 

616 Oreeo, A.— Mauuftcture of euvulopes with black bonUn kc — Wbmtrj tl 

lU Aatl«y P. H.— Life boats. Icc— Feb. « 

878 Baanusdo, A.— Building ships and veaeU— FM>raary IS 

617 Stepbea, A.— BuiMing ship* and vasaala— February 36 

088 AAe^ W. A.— Mode of driving shafts of propeUn* (ocb.)— MarCh S8 
S7S SpoBMr. T.—Fropelleis— February IS 
410 CJork. J.— Propellers— Pebrearr 13 
MS Parker, J.— PiopeUlas veassls by stoam- FetoUry SS 
646 Monti, W. H.— Paddle-wheeU— Fsbnury 99 
1418 OrimUis, R. -PropeUen-May 38 

SSO Bartholomew, W. H.- Barges or vessels for canala— Febmary 7 
888 Abd, C. D.— Towlog boaU or other vessels— February 13 
418 Rniae], J.— RahdnK sunken vessda—Fshnaiy 16 
680 Midhnnt, J.— Ragtag sails. &«. 

994 Whiteboose, J.— Door kiMbs, mttaUio nMOntings for ditto— ApnJ 8 

870 Brooman. R. A.— Cast-iron fumiturti omameets (com,)— Febrwuy 12 

440 Adams, W, B. — MiutatactDre and arraagecoeot of spnag*. 
eS4 Biomhead, 8. B.— Coal-box— Matth 8 
469 Charsase, H.— Omammtation of iron bedsteads— Febnuuy S3 

1478 Atwood, C— Mauufiujtare of Irun and steel— May 16 

686 Ojers, J. — Sand or material for mooldiog iron '•««tltn« — March 4 

648 Revell. J. -Oil caiu— Kebninry 27 

816 SUver, H. A.— Manufarture of ebonite, vnlcanlto, 8ec.— February 7 
834 Shaw, P.- Lamps-Febraary 7 

660 Charcouchet, J. L, — Mm»J»1imi« for bmkiog sioB»— February 38 
497 Smttb, F, 0.— Crushing marchiiM»-~Febr«ary 34 
634 Knott, C. U— Piandhrtea- PebroHry 86 

879 Williams, W.— Pianofortes— February 18 
868 Brtniraead, J.— Pianoforte*— February II 

1388 firoadwuod, H. F.— Pianofortes— A pr£ 80 

890 AUen, E. E.— ConstmctioD of steam-engine*— Febraaiy 18 
488 Jobiuon, W. B.— Ooutmctiaii of ■team-tfiginea— Febmaiy SS 

491 ClarK, W.— Feeding steain-boilen (oom.)- FMmary M 

866 Tolhausen, P.— Vertical boSeft (oom.)— Pebniarr IS 

884 Daviaoo, T.— Frvveotion of bailer Incrustation — February lH 
1460 RlrteT, C. T.— Steam-eugine indicators (com.)— Msy 14 
1880 IHte, P.— Smeitintf (tamaces — May 8 

447 Buiufldd, G. T.— PicvenUim of bolior oorroaion (oom.)— February 19 

871 Joseph, J, B.— Utiliziag waste heat from coke ovens— Fshmary 12 
876 Joseph, J. S.— Improved retort oven— Fehroarv 18 
847 Brickhllt, J.— St«aai cylludom and pistons— February 13 

441 Symons, N.— Iteam cyllndsis and piitou— Fobmary 19 

624 CUlf, J.— Glazl!ig eartbcawaro— February 36 

S99 Oailafeat, D,— Obtaining motive power ftom elastic vapoon— Fnhrury 

fM Amur, P. D.-Keylesi watchee Fghrawr M 
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ORNAMENTAL KEYBOWS IN THE INTERNATIONAL 

EXHIBITION, 1S62. 

(With on Snfffaving.) 

The ornamental metal work of which we give an JllnstTatioa 
forma piart of a set of locks and keys exhibited in the Wolver- 
4t&mptoa court, in the style and mauufncture of which hna been 

vi\*Ed, as closely aa possibfe, tfie principles of ancient wrought 
work. To the enterprise of Mr. G. Price of Wolverhampton is to 
be attribiited the great degree of perfection to which the iron 
safes and locks patented by him have been brouglit, and he has 
deservedly earned one of the only two prize medals awarded in 
this "dasB." The keybows in question have been manufactured 
expressly for the Exhibition, fi-om designs by Mr. J. Drayton 
Wyatt, and they may certainly he pronounced to be the most 
complete and elaborate series which modern skilt has produced. 
There are four omamentjil locks, in which the several patterns 
have been executetl with marvellous precision, nor are the key- 
bows, between 20 and ;iO in number, and all varying in character, 
leas deserving of pmise. From the nature of the hand-work 
rei.)tiired, the p-attems hare been devised as much as possible 
with a view of giving effect to simple and characteristic forms, in 
which the perforations have all been drilled through by manual 
labour, and hence the sharpness and brilliancy which have 
invariably been secured. In some of the patterns monograms 
have been introduced, others are circumscribed by inscriptions, 
another variety l>aa jewellery inserted among the scrollwork, and 
a fourth (which we shall include in a succeeding plate) ia of a 
strictly "masonic" character The addition of incised lines occa- 
sionally, and of colour as a groundwork to throw up the mono- 
grams, has proved a decided advantage in imparting, not only a 
variety, but a still higher finish of effect. 



* 



THE INTERNATIONAL EXHIBITION, 1862. 
Architectural Objectf, 

Is the south transept of the Exhibition, near the eastern dome, 
a considerable space is allotted to what are called in the catalogue 
" objects shown for architectural beauty," consisting chiefly of 
works in atone, marble, and slate, to which more or ifesa decora- 
tion has been applied. Some few of these have before come 
under our notice at other places, but the majority, though in- 
tended for some special dcstiuntioD, have been secured for 
previous exhibition here. Thus, the model of the font (2430, 
Class 10.) designed by Mr, Daukes for Witlcy Church, and for 
which a medal has been awarded, has been already referre<l to 
in connection with the Architectural Exhibition in Conduit- 
street; but it is of so peculiar a type, that it is an excellent con- 
trast compared with one or two others near it. The oak cover 
is an important feature; it has a textual inscription round the 
base, and is surmounted by a figure of St. John the Baptist: the 
whole is the workmanship of Mr. Forsyth. The same band has been 
worthily and extensively employed by Mr. Slater in the elaborate 
carving which ia bestowed upon the new stall ends, &c. (6705, 
Class Sd) for Chichester Cathedral, some of which are here shown, 
and some are in the Media3\'al court. Of the beauty of their gene- 
ral form, and the merit of their execution, there can be but one 
opinion; but it is jviat questionable whether for such a situation 
a little more solidity in the material, and a less florid enrichment, 
might not have been advisable. Figure sculpture, too, might 
have been iutrodnced more freely with advantage, intersperaed 
with the foliated panels, which, though really varied, have 
nevertheless the effect of too much repetition. For these a medal 
has also been awarded. 

The chief attractions to these courts are unquestionably the 
inlaid specimens of decorative materials, as illustrated in the 
several reredoses, pulpits, &c., in which it ia difficult to say 
whether the conception or the work has been most successful. 
Perhaps the most novel and vigorous of these is the reredos, 
from iJie design of Mr. Bentley (2437, Class 10), executed by Mr. 
Earp, of whose works honourable mention ia made. Without 
be&nng the slightest resemblance, in composition, to the reredos 
by the same gentleman which we illuatratefl in the last number 
of our Journal, a similar feeling is conveyed in some of its 
details: it would have been well however to have preserved a 
little more simplicity in some parts, so as to give more value to the 
rest This reredos is in three compartments, separated by marble 



shafts, with richly detailed caps and bands; on each of these 
shafts, under a canopy, stands an angel with uplifted wings — 
these personify respectively Uriel, Michael, Gabriel, and Raphael. 
Each compartment contains a vesica panel, the middle one beiu^' 
enriched with a cross, and that on each side vi^h a sculptured 
subject — the right hand one, the Annunciation, being particularly 
successful. Under these vesica paueis are smaller ones, of qoatre- 
foil shape — six in all — and ilhrstrntive of " virtues overcoming 
vices*." Thus, Chastity is represented as opposed to Lust; Tempe- 
rance to Gluttony; Faith to Idolatry; Charity to Envy; Peace to 
Discord; and Bounty to Avarice. The general groundwork of the 
reredos ia alabaster, incised patterns being freely used in surface 
decomtion, as well as exclusively for the subjects in the lower 
panels. 

A reredos (2440, Class 10), exhibited by Messrs. Poole and 
Sons as a specimen of inexpensive decoration, has the subject 
of the Last Supper incised on a large scale, and in a very masterly 
manner, The effect depends entirely on the outline and com- 

Eoaition generally, the aid of carving, and even mouldings, 
eing all but entirely dispensed with. In conjunction with 
this should have been placed (but they are separated) a por- 
tion of the corresponding wall decoration, which is also of the 
simplest kind, the surface being divided into small sqiiares by 
incisetl stripes of colour set diagonally, and slightly relieved by 
inlaid ornament. A plain moulding, fitted with flat conven- 
tional foliage, runs along the top. This work h.is moat deser- 
vedly received a medal at the hands of the jurors. Another 
reredos, by Williams, of Ipswich, is far from being satisfactory 
either in design or execution: it is of Caen atone, arcaded. with a 
central subject under a fiat ogee arch. The other work of this 
class is the production of Mr. Earp, from the design of Mr. Street; 
and it is needless to remark that it possesses a high degree of 
merit. The leading outline ia original, but effective; its chief 
feature consisting < f the carved subject which occupies the 
centre, under a pointed arch, and which represents the Agony 
in the Ganlen; the background to this pauel ia filled in with a 
triangular mosaic pattern. On each side is a niche containing 
the fignres of St. Philip and St. James, to whom the church for 
which it is intended (at Oxford) ia dedicated. 

A very handsome pulpit, from the same hands, and to be 
placed in the New Church at Bounieiiiouth, is a conspicuous 
object in this class. In plan it is circular — apparently a favourite 
form with Mr. Street — and the up|X)r part has an open arcade all 
round, the shafts being of marble, and the arches trefoil cnsped. 
In the spaces between the arches are small carved heads under 
gableta attached to the cornice. Below the arcade is a circlet of 
quatrefoil, in richly efficient colours, composed of various marbles. 
The stem consists of a cluster of shaJFts, executed in red Mansfield 
stone, nod having moulded capitals and bases, the whole resting 
on a plain plinth. The Corsham Down atone pulpit, exhibited 
by Me^rs. Cox and Son, ia a curiosity in its way. The stem 
represents the trunk of a tree, and the boughs and leaves which 
arise from it form the pulpit itself. Though conceits similar to 
this may be seen in some continental churches, it ia an innova- 
tion which we should rM;ret to see introduced into this conntr)'. 
Near this pulpit is a font, sculptured by Mr. Earp, from the 
designs of Mr. Teulon. It ia octagonal, having on each side u 
sunk panel of fanciful 8bap)e, and containing monograms, the 
lamb and flag, &c 1'he bowl is supported by marble shafts, 
one under each angle, and on their capitals rest angels 
bearing a scroll text, which is continued round the wliole 
circumference. At the base are the emblems of the four 
evangelists. 

The noble doorway in Steetley stone, which is to form the 
entrance to tl>e Mortuary Chapel of the Digbys, at Sherborne 
Minster, ia one of the boldest and most effective of Mr. Slater's de- 
signs; and, though unfinished, bears evidence that it will lose no- 
thing in the hands of Messrs. Poole, by whom it is being executed. 
In style it partakes most of the " transitional," the arch being 
pointed, and having four square orders of mouldings over the 
deeply recessed shfSta in the jambs. These latter are of different 
marbles, with bold caps, bands, and bases; the intermediate 
angles being filled in with rich conventional ornamentation, as 
are also the spaces above the plinths. The door itself ia 
square-headed, and in the tympanum over is scidptured the 
lUaurrection. 

Tbe competition subjects for the prizes lately offered and adju- 
dicated by the Eccleaiological Society, through the Architectural 
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Museam, fiud here a fitting plaoe. Tho test was as to the treat- 
inant of coloara only, each oompetKor working on a copy of the 
nme model, uamely, a three-quarter tigure as a liaa-relief ia a 
cusped Gothic pauel. Three prizes were awarded, the first beias 
^iven to Mr. J. P. Wood. The coinpetilion auhjectK, too, iu wood 
and stone carving, exhibited by the Eccleaiological Society, who 
have received a uie<lal, may also here be aeeu ; the iirdt prizeman 
in the former being Mr. H. Reynolds, for a foliage panel iu oak, 
and for the latter Mr. Samuel Ruddock. 

Califoruian marble, na a compaiutively new material, will be 
examined with interest, and several apeciniens (2428, Class 10) 
are exhibited by Messiia. Edwardes and Burke, of 142, Regent- 
atreet. In particular we may call attention to the large spar-like 
slab of almost a transparent amber colour, interspersed with 
darker tints, and having a very rich effect. Thei-e are also some 
smaller specimens showing these marhle^ inlaid in patterns. The 
productions of our own Serpentine M.irble Company (2444, Class 
10) are too well known to need description, and are recognized 
by the award of a medal). Ita applicability to various oruameutal 
parpoaeB ia well shown bv the numerous collectiou of vases, fonts, 
obeliaks, &o. which are here grouped. Terra-cotta, too, ia not 
without its advocates, and Mr. M. H. Blanchard is one of the best 
exponents of its usee (2423, Class 10). In addition to objects 
with which we are more £uniliar, there ia here exhibited a fire- 

ttroof staircase, constructed in this material, and wliicU appears 
ikely to answer the intention, nor is it in itself by any means 
an unattractive feature. Tho colour of the teri-a-cotta is a 
pleaaant one, while this and the material admit of the iutroduc- 
tion of tile or mosaic patterns in both the treads and risera, 
thus greatly heightening the effect, which ia alao decidedly 
novel. To the excellent production of Mr. Blauchanl a medal 
has been awarded, Mr. Pulham (2441, Class 10) is also an ex- 
bibltor of terra-cotta articles, and has receivetl honourable 
mention. The table ahown by Mr. C. Clay of Sidmoutb-slreet, 
Gray's inn-road (2426, Class 10), of which honourable mention 
has been made, is more a curiosity than au article of beauty. 
It is stated to contain 1^63 pieces of marble, some unquestion- 
ably very choice in their way, but as a whole not very telling, 
for the want of being better arranged. In polished granite 
there are a few specimens, shown by Messrs. Eobertsou and 
Hauter, though they do not appear to have any special preten- 
sions. 

The respective colours and qualities of the several bed« of 
Portland atone are displayed in the column exhibited by Mr. 
Field. The plinth ia couatructed of what ia termed the "Roach" 
kind, which is suitable for river, dock, and sea walla, bridge 
nbutmeuts, aud the like; tiie shaft is of " Whitbed," which is 
adapted for all kinds of work, and has been used in Somerset 
House, the British Museum, &c.; the cap and base are of " Base" 
bed, or " Best" bed, which is of a lighter oolour, and is more 
fitted to inside work generally. 

The various capabilities of Magnus's enamelled slate (2436, 
Class 10) are well illustrated by the large show of articles which 
that gentleman exhibits, and to which a medal is awarded: 
among others a large ornamental coil ctse for hot water apparatus, 
several sideboards, billiurd tables, chimney-pieces, &o. Messrs. 
Jackson and Son's carton pierre (2434, Cbss 10), too, has been 
more than once commended in those pages. It is a material 
expressly suited to florid ornaments, both in relief and on the 
flat, as the very handsome Renaissance chimney-piece and pier- 
glaas, which is their principal contribution, will attest. A 
medal has been awarded to this firm for the introduction 
of this material. 

Messrs, Stuart and Smith (No. 6223, Class 10), of Sheffield, 
have bestowed great paina upon the superb fireplace, polished 
stove, with ash-oars aud fender to match, which they exhibit. 
The kind of wall-surface proposed for the room is ahown also, 
with a method of treating the decorations of the cornice and 
panels generally, so as to produce a harmonious effect, aud the aim 
naa certainly proved successful. It is much to be regretted that 
iu the ordinary way such subjects are not considered an a whola, 
but simply in their individual parts ; hence that incongruity, not 
to say absurdity, which is continually allowed to mar the best 
intentions, and negative the result of an expensive outlay; all for 
want of either due consideration, or the judicious aid of taste aud 
experience in such matters. 
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THE CONSTBUCTION OF LIGHTING APPAEATUi 
FOR LIGHTHOUSES.* 
By AaMAWD MAfisELix. 
( With Engravingt.) 

Tm ooDitructinu and illumination of lighthouBes oonstitute one 
of thtniost important of public undertakings at the present day. 
The development however of the comparative perfection dow 
attained in these two de(>artmenta has been gradual and unequal. 
During the century that has elapsed since the erection by 
Smeaton of the Eddystone lighthouse, when engineering was 
greatly in advance of pniclical optics, the art of building towers 
has received few improvements, while the apparatus for illu- 
minating them has by the introductioo of the dioptric system 
acquired a striking degree of excellence. During nearly the 
whole of the last century, aud iu some places as late as 1816, 
open coal fires, improved occasionally by a flat brass plate placed 
on the land aide, were the rude means usually resorted to fo^^J 
producing light. The Eddystone tower had a lantern to prote4^^| 
the weak light given out by the few miserable tallow candlM^B 
which were then used, and only in 1807 were these replaced by 
lights furnisheil with silver-plated parabolic reflectors. Distinc- 
tion of one light from another by it^ appearance at night, a point 
nearly as important as the range of the light, was of course out 
of the question. 

Lights on the catoptric or reflecting system, composed of silver- 
plat&d parabolic reSectors provided with plain cylindrical burners 
placed in the focus of each, were used exclusively until 1882, 
when Augustin Fresuel invented and erected on the Cordovan 
tower his first dioptric or refracting light The catoptric or 
reflecting system was, in comnarisoa with the im|>erfect met 
previously available, a valnable improvement, and under lai 
modifications is still iu extensive use in this country; but hav _ 
many serious imperfections it is gradually dlsappeairing befora 
the dioptrio or refracting system. 

The latest optical aud mechanical improvements in the dioptric 
system are illustrateil by the fixed light of the Smalls Rock, near 
Milford Haven, and the revoUang light of Luudy Ishuid, both 
conBtructe<l by Messrs. Chance, and tne latter attested by mari- 
ners as the most powerful light in Great Britain, flashing over 35 
miles of the Atlantic. In the present paper it is intended only to 
notice briefly the existing state of reflecting and refracting appa- 
ratus, aud the relative meritaof each, before giving the particolars 
of their mechanical construction. 

In the dioptric or refracting system, only one lamp is used, 
placed in the vertical axis of the apparatus. In fixed lights, •■ 
shown iu vertical section. Fig. 1, Plate 22, the middle or dioptric 
part having the lamp in its centre is cylindrical, and composed of 
a series of refracting riugs or lenses A, shown black, whid> 
are so shaped as to give a horizoutjil direction to all the rays of 
light that fall from the lamp upon their inner faces. All the ray« 
of light passing above aud below these middle lenses are i-eceived 
by the upper and lower catadioptric prisms BB, shown black, by 
which they are alao transmitleil horizontally after refraction and 
total reflection in the prisma. Every piece of glass in the appa- 
ratus forms a portion of a horizontal ring or belt, having its centre 
in the vertical axis of the apparatus, as shown in the part plan, 
Fi(f. 3, where A' is a sectional plan at focal plane, and A* a plan 
at Bottom piiams. The rays of light given out by the lamp are 
thus collected and transmitted equally over the horizon, and the 
light is rendered luminous throughout its entire height Tbd 
glass prisms are fixed in eight gun-metal staudardB, forming au 
ocUigonal frame, each prism being supported in the centre by 
pa&iing through an intermediate standard, as shown iu the part 
plan. Fig. 3. 

In revolving lights, as shown in the vertical section Fig. 2, the 
transverse section of the refracting lenses A aud prisms B is pre- 
cisely the same as tn fixed lightjt: hut in revolving lights the run 
of glass are concentric round a horizontal axis passing throo]^ 
the brightest part of the flame, as shown by tho dotted Unas 
iu Fig. 2 instead of round the vertical axis. Tlie circumfereDoe 
ia divided into eight fiat faces, as shown in the part plan. Fig. 4, 
where B' is a sectional plan at focal plane, aud B' a plan of 
bottom prisms, each of the flat faces composed of a series of 
prismatic rings and segments haviag one commoti focus; the ligbt 
emanating from the lamp is thus transmitted bv each face in & 
brilliant flash extending over the whole width and height of the 

■ Bead ftt ibc laaUtnUaD of UKbauical l^ifiiiewa. 
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i; and the whole apparatus being made to revolve by clock- 
work, «very point of the horizon ia iUuminated by a auooesaion of 
rbrilliaQt flashes corresponding to the s^veml faces, and at inter- 
vals of time determined by the speed of revolution. By the use 
of fixed and revolviu? lights, or combinationa of them in various 
^wavB, lights of distinct appearance are pro<luced in a number 
iffident for all parposes that are required ia practice. 
Dioptric lights are mode of six different sizes or orders aa they 
[i^re termed; nud the fullowing table gives the internal radios 
of the apparatus or the focal distance iu each order, the number 
of wicks in the lamp, and the consumption of ui) iu lbs. per hour 
and in giiUons per year, assumiug the light to burn 1 1 hours per 
night on an average throughout the year. 

Orders of Dioptbic Lights. 



Order. 


lutemal raditu 
of UgU. 


Nombor of 
Wkka. 


Ccnutunptioii 


ofOiL 
Qalloat 




iDche*. 




p«r hour. 


|Mr year. 


Pi«t 


S6-22 


4 


l-«5 


73(! 


Oeoond 


27-55 


3 


110 


4»0 


Thiid 


19 -68 


2 


0-41 


130 


Fourtlt 


9-64 


2 


i>-26 


Hfl 


Fifth 


7-28 


1 


0-17 


70 


Sixth 


6-90 


1 


0-17 


76 



Tiie three largest orders are generally termed sea lights, and 
the three smaller ones harbour lights. The first order, as the 
most imjMDrtaiit, will alooe be referred to in this paper, the others 
diffeiiug merely iu size and number of prisms and lenses. 

I In the catoptric or reflectiug system a number of parabolic 
reflectors are used, ranged round a framework accordiog to the 
purpose required, with a tamp iu the focus of each reflector. In 
a fixed light these reflectors, frequently as many as 24 or 30 iu 
nnmber, are arranged round the frame so aa to equalise the light 
as much as possible in all dii'ections. In revolving lights the 
reflectors are mounted on a revnjviug frame, having generally 
three faces, each of which carries an eqaai number of reflectors. 
Three flashes of light are thus produced, which illuminate succea- 
sively every point of the horizi>ii at Intervals regulated by the 

I apeed of revolution. The loss of light in this system is ueces- 
rily very large: ifldoe<i nearly the whole of the light from the 
int of the flame is direcily lout by natural divergence, the 

[wflectors transmitting to the horizon only the j-ays emauatiug 
the back of the flame, and of this light nearly HO per cent. 

Fja lost by the absorption that always takes place in reflection by 
metallic surfaces. 

Comparing the two systems together, it is evident that for 
fixed lights no possible combiuatioa of reflectors can distribute a 

isaae of light of equal intensity round the horizon, whilst this 

reflect is completely obtained by the dioptric system. It is found 
that whilst onJy 3j per cent, of a plain open light would be 
avaikble round the entire horizon, 17 per cent is obtained by the 
use of the best reflectors, but 83 per cent, ia obtained by the use 
of the dioptric lights. The extreme divergence of the rays of 
light from a usual 21-inch reflector with a 1-incli flame is about 
14 degrees; but the variation of the intensity of the fla.ih emitted 
over this angle is very large indeed, the intensity of the light 
being only 18 per cent, on 3ie aides of what it is in the axis of 

1 the flash, showmg how great is the irregularity of the light spread 

[over the horizon. Also the numerous fastenings of the reflectors 
id lamps frequently get loosened, increasing greatlj the irregu- 
irity of the light. Nor ia the whole amount of divergence taken 

'vertically useful; for, as will be shown afterwards, the lower por- 
tion of the vertical divergence rwiuired to illuminate the sea 
batween the horizou and the land is but a very small amount. 
In uniformity of light therefore thrnughout the horizou illumi- 
nated the dioptric system is very greatly sn|»rior to the reflecting 
for fixed lights. With regard to economy of oil, fifteen reflector 
lamps together consume as much oil a;s the one central lamp in 
the dioptric light, and the saving therefore amounts to 50 per 
cent iu favour of the latter, compared with a reflecting light of 
the largest practicable size having thirty lamps, but greatly 
inferior iu illuminating power to the dioptric light. 

Another very important consideration is the durability of the 

sparatns. The lougoat time that reflectors will List, even when 

ited with the greatest care, ia from 25 to 30 years; their thin 

coating will have completely diaappeared at the end of 

/that time. With moderate care and no necessity for readjust- 
ment dioptric lights may be considered as imperishable; the lenses 
and pri.HUui never lose their correct form and first polish, never 
require renewal, and are kept alwayv equally efficient with a far 



lesa amount of daily labour than that required for reflectors. The 
number of attendanta or keepers required ia the same in both 
cases, and the first outlay may be considered aa generally eqoal. 

For revolving lights however the catoptric system presents 
fewer points of inferiority as compared with the dioptric; for by 
sufficiently increasing the number of lamps and reflectors on each 
face of the revolving frame, a U^ht of equal intensity to the 
dioptric might be produced. The iliumiiiating power, consump- 
lioQ of oil, durability and original outlay will therefore be the 
chief considerations to determine the relative advantages of the 
two ayatems for revolving lights. The efl'ect of only one of the 
eight iaoes composed of annular lenses in a first order dioptric 
light is equal to that of eight of the largest reflectors iu use, 21 
inches in diameter; and conseiiuently to produce by reflectors the 
eflect of the best dioptric light a lantern would have to be provided 
capable of accommoaating n-om QU to 72 reflectors, an arrangement 
all but impracticable. Moreover, at the time when most of the 
experiments were made both in this country and abroad, for com- 
paring the intensity of revolving dioptric and reflecting lights, 
the dioptric lights were oompoeed merely of the central or 
singly refracting part A, Fig 2. But in the present holo- 
photal system, in which the upper and lower reflecting 
prisms EB are made to continue and extend the action 
of the central refracting lenses A as already described, the 
intensity of the dioptric lights has been nearly doubled, and 
the comparison rendered so much more unfavourable to the 
reflecting ayatem. 

The only objection which has been seriously urged against the 
dioptric system ia the use of only a single central lamp, on 
account of any difficulty iu its mauageuieut aflecting the whole 
light, or danger of ita sudden extinction. This is met however, 
by the successful experience of forty veara with an immense 
number of lights in different parts of the world. Hardly ever 
Las such a case occurred; and as spare bumera are invariably 
supplied, and required to be always kept ready for use, a few 
minutes only would suffice to remove the defective burner and 
replace it by another. 

(To be concluded in owr next.) 



THE INTEBNATIOXAL EXHIBITION, 1862. 
Civil Engineering, Architecture, and Building Contrivances, 

Taking altogether the series of objects comprised under 
Claaa 10 (civil engineering, architectural, and building contriv- 
ances), and BO much of the collection under Class 31 (iron 
and geueral hardware) as relates to articles iu common use on or 
about bntldings, we do not find a remarkable amount of novelty. 
This is, perhaps, partly to be expected, when we recollect that 
many of the same exhibitors have made us familiar with their 
productions at the Arehitectural Exhibition, or at any rate in 
their own galleries. Still the cullectiou is a very fine one, botli 
for variety and general excelleuce, but it ia better in its building 
contrivances, its materials and its objects exhibited for archi- 
tectural beauty, than in its collection of engineering or architec- 
tural models; and the contrast becomes keenly felt between these 
objects, certjunly good in their kind, but few in number, and the 
crowded collection of models and specimens in the adjoining court, 
of naval and military engineering, or the interesting collection 
of French models, with their admirable catalogue. 

In passiug we nmy remark, having referred to the subject of 
catalogues, that the Official Illustrated catalogue does very little 
credit to the Commissioners; and though it is perhaps better than 
was to be expected considering the principle upon which it was 
compiled, it ia very far from being in any sense an adequate or a 
discriminating guide to the study of the objects it contains. 

Among the best specimens of the art of modelling we find two 
or three from the experienced bands of Mr. Stephen Salter: 
among these a superb one of large size (2354, Class 10), showing 
the passage of the Tudela and Bilboa Railway across the chain of 
the Cantabrian Pyrennees, in the North of Spain, attracts peculiar 
notice by its truthful representation of the aspect of the rugged 
and richly coloured scenery of those mountains. The engineer- 
in-chief of thia line ia Mr. Charles Yignolea, to whom a medal 
has been awarded "for boldness of design of the Bilboa Bail way," 
A surface of rather more than 200 square miles of country ia 
represented in the model, while the sinuous line of railway 
ia distinctly seen, now dinging to the slope of a steep and 
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rocky bUlside, and oow threading its way between formidable 
obstaclea Such a model will convey to the ordinary spectator 
a far better idea of the difficnltiea to be surmounted in sur- 
veying a mountainous district, laying down a line of railway, 
and executing the works, than any amount of description. 
The pictorial effect of this model, which ia itself beautifully 
coloured, is very much enhanced by the addition of painted 
backgrounds on the inner sides of its case, which serve to 
represent the more distant ranges of hills — these are cleverly 
execnteil by Mr. Percival Skelton. A medal was also given to 
Mr. Salter for the admirable execution of this model. 

Two other models by the same hand, and made for the late 
Mr. Brunei, are also exhibited, showing the Chepstow and 
Saltash Bridges (2245, Class 10). They are admirable as speci- 
mena of the art, and exhibit very distinctly the chief points 
of the remarkable stnictures which they illustrate. A medal 
hoh been awarded to I. Brunei for these models, as representative 
of his father, the late I. K. Brunei, C.E. Some other specimens of 
modelling are also to be seen, and some series of drawings; but it 
is to be regretted that the Institution of Civil Engineers have 
not exerted themselves to procure illustrations of the works of 
their members, equal to the very excellent collection of architec- 
tural drawings exhibited in oonsequeuce of the exertions of the 
Institute of British Architects, and of the representative com- 
mittee whom they invited to assist them. 

Two models may be noticed, not on account of their workman- 
ship, which could hardly be worse, but for their subject; thev 
represent well-arranged and economical Labourers' Cottages, such 
aa might with great advantage be erected in agricoltaral districts: 
they are exhibited by a northern architect named Monro. A 
London Cottage-building Society also exhibits a model, but of a 
Jess satisfactory cottage. 

The specificatious and working drawings for the Main Drainage 
(2369), which are exhibited by Mr. Bazalgette in this department, 
are a very cre<litable aeries That the execution of bo vast a 
work must necessarily involve an enormous number of drawings, 
and a large amount of ■varied provisions, would be admitted oy 
anyone familiar with underground works, but it assists the form- 
ing of something like a just idea of this undertaking when wetuni 
over sheet after sheet of the seven ponderous folios and the seven 
closely printed quartos here exhibited, and find how unremitting 
h.\8 been the care to provide for varied requiremeots. A similar 
series of plans connected with the Jletropolitan Railway would 
have been most instructive for comparison; but these by them- 
selves fully sustain our character for engiuecring skill and 
accuracy. 

Among the specimens of Building jVIaterials, those made from 
clay undoubtedly form the most prominent, perhaps the most 
valuable group. A large space is occupied by a " Collective 
series of architectunil productions, illustrating the clay manu- 
factures of the Shropshire coalfield" (2318), arranged on liehalf of 
tlie exhibitors by Mr. George Maw; the exhibitors being Messrs. 
Burton, Davis, Doughty, Evans, Exley, Lewis, Maw, bimpsou, 
Thome, and the Madely Wood and Coalhrook Dale Companies; 
and here a great variety of very excellent articles may be seen. 

By far the most artistic and important of these contributions 
are the mosaics (2317, Class 10), contributed by Mr. G. Maw, who 
has devoted great attention to the revival of this ancient method of 
decoration. .The specimens of pictorial mosaic exhibited are not 
numerous, and do not include a great range of colour or very 
deep tints, but they are marked by excellence of a high order, 
and arc no doubt the precursors of a series of specimens which 
will place within the reach of English architects a means of 
gi\inf,' the most artistic of all decorations to the wall surfaces of 
their buildings. The introduction of such decorations has been 
hitherto piac'.ically impossible ; but it may be hoped that it will 
not long remain so, for in no country is mosaic more needed than 
in England, where, in consequence of the humidity of the cli- 
mate, and the general want of skill in the use of the finest sorts 
of limes, fresco painting is at best but an uncertain mode of 
obtoining high class mural decorations. A medal has been 
awarded to Mr. G. Maw for his excellent productions. 

Mosaics of a more ordinary character for flooring purposes 
aisp abound here, and show great excellence. With these may 
bo compareil specimens more remarkable for workmanship than 
for design, shown by the Poole Pottery Company. Messrs. 
Minton, who were among the earliest manufacturers of flooring 
tiles, do not exhibit in this locality, though specimens of their 
work may be found elsewhere. Among the applications of tiles 




shown by Mr. Maw may be noticed a chimney-piece, wel 
intended, but of very indifferent effect, as are also some specimens 
of enamelled '.erra-ootta. Mr. Digby Wyatt's designs for orna- 
mental roofing are shown (2317) ; and a very excellent epecimett 
of roofing in glazed tiles of various colours, arranged in a simpl»; 
pattern, hangs here, to remind us of an almost forgotten mode of, 
gaining effect which was used in the early Benaissance building* 
of parts of France and Germany with marked success. To Mr. 
D. Wyatt a medal is awarded for the designs here exhibited. 
Gootl ridge, hip, and gutter tiles are exhibit^. Of these last, a 
very good specimen by Mr. Exley deserves notice. 
Fio. 1. Fio. s. 
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We&Uior VauM 
Of bricks and blocks this group of Shropshire manufactoi^SI 
show a good variety : but other makers compete with them suc- 
cessfully. Beart's Patent Brick Company exhibit beautiful speci- 
mens both of facing bricks and moulded ones (2237), the latter 
good enough in execution to be available for many decorative 

fiurpoees. The colour of all these is good, but perhaps rather 
igbt. Honourable mention has been awarded to this company 
for their bricks and drainage pipes. Somewhat richer in cwor, 
but less finished in sur£^ are the blocks of Fayle and Ca 
(2279). These are of veiy good forms, and seem very dense 
and aannd ; they are readily procurable, and might, we believe, 
be often substituted with advantage for stone, especially io 
buildings which are to withstand a London atmosphere. Near 
these is phced a collection of various and excellent moulded 
bricks (2243), by R Brown, of Surbiton. Some of these bricks, 
armnced so as to show their powers of forming architraTes or 
moulded jambs, exhibit great artistic merit, and excellent tints of 
both red and stone oolcur. To Mr. B. Brown honourable mentiop 
has been awarded for his bricks and tiles. Messis. R and N. 
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Norraan also exhibit goorl bricks and ridge-tilea (2324), the latter 
an article of which most of the Bpecinieus sent by other makers 
rj«re scarcely of average merit. A medal has been awarded to 
lid firm. Near these we foimd a specimen of compressed and 
^burned bricka of artificial sloue (2372), not attractive in colour, 
bnt very bard, dense, and heavy ; these are exhibited by Messrs. 
tier, Brothers, aod seem worth the attention of builders 



requiring a very solid and indestructible article. C. O. Fisoa 
exhibits a fine show of Suffolk bricks, cutters, and facing brickd 
(2282, honourable mention); and some of the merchants, particu- 
larly Eastwood (2271, honourable mention), show collections which 
include excellent specimens of many varieties. 

Of stoneware, the Lambeth manu&cturers send spedmeus which 
will probably never be sarpaaaed. Doultoo and Cc's collection 
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(E268, medal) seems one of the most extensive and complete, and 
their Bemnental blocks for fonuing sewers of lar^e size are 
among tue best specimeos of contrivance and execution shown. 
A neat and well-made stoneware sinls, by this firm, deserves the 
attention of those interested io the sanitary improvement of the 
dwellings of the (xjor. Cliff, and Jenuinga, are also both large 
exhibitors of this class of goods ; the latter has had the good 
fortune to get conspicuously posted throughout the building, by 
the adoption of his well-made conveniences by the Commis- 
sioners. 

Near the collections we have referred to La a specimen of work- 
maoahip which more properly beloues to the Sub-claaa 0, although 
it is placed away from most of the articles belonging to that 
class — we refer to the marble paving (2440) for Chichester Cathe- 
dral, executed by H. Poole and Son, from the designs of Mr. Slater. 
This paving is very good in design and satisfactory in effect; it is, 
as a specimen of workmanship, one of the best articles we have 
noticed, and reflects great credit both on the designer and the 
manufacturers, to each of whom a medal has been awarded. 

Among the articles which are exhibited in Class 31, there 
are, as we have observed, many that may with propriety be 
grouped together with those in Class 10, and none more s<> than 
iron gates. The park gates sent by Bernard, Bishop, and Co. 
(5098, metlal) have been already alluded to in a former notice, 
and certainly far suryiasa in workmanship any other specimen of 
the kind. Feetham and Co., Cottam and C-o., Biiiley, and Potter, 
may be named as each sending a i)air of gates of reuiarkable 
excellence. Perliaps those of Mr. Potter are the most thoroughly 
artistic (6183, medal), but the border is better in design than the 
panels. The specimen (5977, medal) by Bailey is remarkable fur 
Its very excellent workrann-ship. 

Messrs. Benhams and Froud exhibit a variety of articles of 
oi-chitectural character (62t*0, medal), especiallv goo«l cii|>per, 
zinc, and irou weather-vanes of vnrious styles. The two shown, 
Flga. 1 and 2, axe of wrought copper, from designs by 
Mr. S. J. NichoU, architect. The samu firm also send a pecu- 
luir patent chlmney-heiul for preventing smoky chimneys, the 
object of which is to direct the currentsof air pixxluced in windy 
weather into such direolions that, passing the 0|)euiugs out cf 
which the smoke issues, they shall assist instead of impeding 
its exit The appended illustrations, Figs. 5 and l), show the 
form and construction of the article, uix>u which Mr. Billing, 
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Eerhapa the best authority on such subjects, is understood to 
sv(^ pronounced a very favourable opinion. The price is 
mixlerate at which these tops can be supplied, and their appear- 
ance is less unsightly than that of manv such inventiouA. 

In the South Eastern Court will be ^ound specimens of a new 
manufacture (GHo, roed.al) contributed by the Patent Enamel 
CompauVi of Birmingham, which claims to possess both novelty 
and excellence, aud to be applicable to a variety of purposes. 
The articles consist of wrought-iron plates and tablets, covered 
with a bright and glossy enamel, »u hard as to be incapable of 
being scrntched with a steel point ; or, indeed, any instrument 
short of a diamond. This material is stated to be also incapable 
of receiving a stain, and incorrodible by the action of the atmo- 
sphere, and if experience prove it to be so, it undoubtedly offers 
considerable advantages for all purposes where inscriptions are 
desired to be madn legible and permanent, though exposed to 
the action of the weather. An important advant^ige claimed for 
these plates, is their conspicuousuess at uight, when the white 
■nd highly polished surface of the letters reflects sulhcieut light 



to make the inscription distinctly legible. The material 
seems to be applicable to decorative purposes — as panels 
grate-fronts of ahighly decorative character are exhibited, of whicl 
we append illu-strations, Figs. 3 and 7. Specimens are also show 
of domestic and culinary uteusUs coated with the same hard and 
Fio. T. 
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glossy enamel, and tubes, bulh of wrought and cast-iron, coveml 
both wiihiu nud without by a coailug uf the same material, and 
thus preserved from the i-apid change and destinicLion which 
water and gas pipes speedily undergo, when left without sudi 
protection to the action of the earth impregnated with <. 
nod the escape of gas. This last application of the invenli 
seeniti e8[ieci:dly worthy of uutice. 

Messrs. Benham and Sons, of Wigmore-street, are represented 
(698(>.\ and amoug the cooking ranges aud slove-gratea exhibit 
here they will be found to have cnutrihuteii numerous exampl 
combining great utility aud novelty. Que of their more artisi 
contributions — a stove with dogs nud fire Kirs, adapted eilhi 
for wood or coal, of which Fig. 4 is an illustration, forms 
conspicuous part of the trophy in the south -east transept. It 
of excellent Mediteval design, and its adajttabilily to two sorts 
fuel would render it possible to introduce it in any locality, 
where so ornamental all oi>jf ct wa-s desirable. We may add that 
a medal was awarded to Messrs. Benham aud Sons for the excel- 
lence of their piwluctions. 

Another branch of metal manufacture— that of bells— claimi 
a word of notice, tliough the speciiuens exhibited are not ti 
numerous. 

Messrs. Taylor and Co. exhibit one large bell ol 3 tons weight, 
(6531, honourable mention,) having a diameter at mouth of ^ ft. 
8^ iu., aud a thickness ut sound bow of 5 inches. The note of this 
bell is B natural, and it is considered by good judges to possess a 
remarkably fine aud very powerful tone. This is the one reqaire- 
ment which alone ought to determine the excellence of a bell; 
and while it is not surprising that so eminent a firm should have 
been so successful as in tliis instance they ha\e jjroved, it is to 
be regretted that novelties, often of doubtful merit, should be 
sought after so eagerly in an art where the oldest examples are 
often the best. 

Messrs. Naylor, Vicars, and Co. send a peal of eight bells (' 
Class 32, medal), to which the palm for novelty may bo very j 
awarded, as the material — steel — is one wluch has only very re- 
cently been made available for bell-making purposes. But, except 
as good workmanship, and as cheap comp&i-ed with the best beU- 
metaJ bells of the same pitch, these bells have not much to raoom- 
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mend them ; they are noisy and loud, but not powerful, or rich in 
tone ; and yrhile their nolea are over-poweringly louJ, near, they 
are Boon lost. Much praise is, however, due to the inventors for 
having broucht forward a new material for bell-making; and it 
is quite possible that if they coutiuue their experiments, and try 
v&rioTia modifications of proportion, shape, and weight, they may 
at last produce a bell whiuh in tone, as well as in cost, will be a 
formidable rival to those now iu ordinary ose. 

^[easra. Warner and Sous exhibit a sucoesaful peal of eight 
bells (6358, Class 31; medal), with a chiming apparatus much 
like that attache<l to chiming clocks, only that the barrel 
upon which the pins are fixed is arranged to be turned by 
hand, so that where theru are no ringers available this 
mechanical method may be substituted. The whole arrangement 
is simple, and it has this to recommend it — that its application 
need not interfere with the usu of the bells iu the usual manner. 
We tmst that, however well adapted for use under such circum- 
stanoea as ailrait of nothing belter, it will not be suifered to 
replace the methixi of chiming by haud, which when well don<5 
gives better chimes and aiTurda an exercise of skill for the ringers. 
(To be cotitiniud.) 



THE NEW TOWN HALL, PRESTON, LANCASHIRE. 

This large building, the foundation stone of which was laid 
with so much ceremony on the second of last mouth, in part 
wlebratioo of the pageant known as tho " Preston Guild," has 
been for some years in conteniplatiou, but unforeseen diiHcullies 
have hitherto prevented its being ru a fair way of accomplish- 
ment. The special powers however, recently granted to the 
oorporation, for the improvement of the town, specifically included 
this building, and the public markets which are soon to be com- 
menced; and couaequeutly the old town hiiil was levelled to the 
ground iu March last, to be replaced, on the same site, by the 
costly buihling whicli has now to be described, and for which 
Mr. Scott is the appointed architect. The isolation of its locality 
is a n advantage in every respect, and peculiarly so in a public edifice 
of thia class, where reavly access from different qnartei-s, abundance 
of light, and varied groupings of architectural features, are im- 
portant desiderata. Thus, with the exception of part of the east 
side, where the street is narrow, there are no encroachments to 
iut«rfere either with the couveuieuce or the effect of the building. 

In tho internal arrangements three objects had to be comprised; 
an excliauge-room, a music-hall, aud rooms for the transaction of 
the business of the borough. The first will occupy the entire 
frontage on the ground Hoor, the second the frout op the upper 
floor, aud the third the whole of the northern side of the build- 
ing on the three different stories. In general idea the design 
exhibits an adaptation of the foreign Hotels de Ville to Eugiish 
requirements, with a partial engrafting of foreign details. 

The principal front is t*3W!irds the south, wbich presents on its 
lower story a covered arcade of five bays, that at the south-west 
angle being underneath a lofty clock-tower. This arcade is carried 
on coupled shafts, which will be executed in polished granite, tho 
capitals are to be of stone, and to have bold leaf-carving. The music- 
hall is to be lighted by a series of two-light windows ranging over 
the respective centres of tho arcade, while below runs a continuous 
balcony, and above is the handsome cornice and parapet, which 
on this side terminate the wall, except at the clock-tower, aud this 
is raised an additional story before we come to the clock itself, 
which will have four faces, aud bo on an unusual scale of magni- 
tude. Thia tower is intended to be covered with a low spire 
from the top of whioh springs a small bell-turret. The north 
front is smaller, aud is of uniform design, fianked with large 
octagonal turrets. There is a f>orc!i iu tlie centre of both this 
and the west fronts, affordiug a ready through communication to 
all parts of the interior. The ball, or exchange-room, on the 
ground-floor, will measure in the clear 82 feet by 39 feet, its roof 
being groined in stone, and supported by granite columns corres- 
ponding with those outside. The entrance to the exchange is 
noder the clock-tower. The music-hall is over the exchange, 
•nd gains additional size by extending itself over the open arcade, 
BO thnt its dimensions become 82 feet by 55 feet. It will be a 
lofty a^xirtment, and have a handsome open-timbered roof, the 
principals being of curved outline, and framed double. The 
orchestra is to be at the west-end, and there will be a gallery on 
the cost and south sides. The walling will be of local stone, 
marble shafts and other materials being occtsioually introduced, 



also a considerable quantity of carved enrichments, in arches, 
cornices, medallions, and statues. The roofs are to be covered 
with Westmoreland green slate. For the erection of the building 
tenders were invited in a limited competition, and that by Messrs. 
Collis and Son, of Preston, has been acceptetl, at an amount of 
£36,000. The foundations have coat about ^£2000 extra. 



FOREIGN RAILWAY PLANT AND APPLIANCES IN 
THE INTERNA nONAL EXHIBITION, 1862. 

The Exhibition of 1862 is distinguished from its predecessor of 
18.^1 in nothing more than in the greater number and variety of 
contributions from foreign states connected with locomotion on 
railways. On the former occasion, a locomotive engine from 
France and one from Belgium constituted, we believe, nearly the 
sole representatives of the industries of continental countries as 
applied to communication on iron roads; but in the present 
IntematioDal Exhibition there is abundant proof of the exercise 
of skill and good workmanship in that direction by foreign 
engineers. 

Austria, which was princi|>ally conspicuous in 1851 by its 
exhibition of room furniture, lias now sent two remarkable loco- 
motive engines, of protiigious size, besides various specimens of 
rails and wheels, and of other articles applicable to railways. The 
locomotive engines are exhibited by the States' Railway Society 
of Vienna. Tney are placed opposite each other, near the north- 
west end of the western annexe. One of them is a monster mounted 
on five pairs of wheels (54S,class 5, medal), and is specially intended 
for working on sharp curves and steep gradients, such as are to 
be often encountered on the Austrian railways. It would appear, 
at first sight, that so long an engine was very ill adapted to work 
on shaqj curves; but it will be observed, on closer inspection, 
that the furuace and the boiler are mounted on separate frames, 
connected together by a swivel-joint, the former being supported 
on four whem, and the latter on six, the whole of them never- 
theless coupled together. To enable the coupling-biirs to accom- 
modate themselves to curves in the road, sufficient play is allowed 
at the joints for a slight lateral movement. The cylindei-s are 
I2h inches diameter; and the engine exhibited is one of several 
of the same class that has for some time drawn heavy loads up 
inclines unknown in the railway system of this country. The 
rails on which the engine stands are curved, to show its adapta- 
bility to run on the sharpest curves. There is a steam break 
applied to the wheels, so that the driver by merely turning on 
the steam may bring the breaks to bear firmly on the peripheries 
of the wheels without any other manual exertion. The other 
engine exhibited by the States' Railway Society (549, Class 6, 
honourable mention) is intended for high speed. It has four 
cylindera, of lOi inches diameter, placed on each side, parallel to 
each other. 

There are thirty-two French exhibitors of railway appliances, 
which consist of three locomotive engines, for passengers and 
goods; railway carriages and waggons; materials for the perma- 
nent way; breaks; wheels, and other apparatus. In the cata- 
logue published under the direction ot the French Imperial 
Commission, it is observed, that among the improvements intro- 
duced during the last ten years in railway locomotion are: 
Ist. The more general use of powerful, locomotives on lines of 
gi-eat traffic, accompanied with arrangementa to strengthen the 
railway, and to obtain greater adhesion to the rails: 2ud, Ar- 
rangementa for facilitating the running of powerful engines on 
sharp curves; 3rd. The use of smoke-cousuming fnruaces for the 
combustion of coals in locomotive engine furnaces: 4th. Improve- 
ment in the condition of steam by separating it from particles of 
water: 5th. The more general nse of steel in the manufacture of 
tir<>8, wheels, boilers, and other mechanism; 6th. An improved 
plan of feeding the boilers; 7th. An improvement in the means 
of securing the safety of pas-sengers, by the use of more perfect 
and more resisting materials in the construction of cannages and 
of the permanent way; automatic breaks more judiciously chosen 
for the different kinds of trains; fixed day and night signals, 
particularly at level crossings; and means of communication 
between the passengers and the engine-driver and Ruai-d. Of the 
above improvements the last, we regret to say, has made but 
little advance in England. On the Continent, indeed, arrange- 
ments have existed for many years past for facilitating the com- 
munication between the passengers and the guard, by ficng a 
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travellioff platfoim to each carriage, along which the guard can 
pass, and thus enter any carriage when the train is in motion. 

The Orleans Railway Company exhibit a locomotive engine 
(1012, ClaBs 5, medal) in which the snioke-consaming arrange- 
ment of M. Tembrinck is applied. The plan is similar to those 
adopted in some stationary furnaces in this country. The coal is 
supplied down an incline, and falls gradually on the fire-grat«, 
and the smoke, heing condactetl over the incandescent fuel, is 
consumed by access of air at the throat of the fiiriiaco, and the 
flames are then drawn through the tubes of the boiler. The 
same company also exhibit here a tender for the engine, and a 
first-class passenger carriage, fittctl with all the conveniences 
which our continental neighbours consider necessary for com- 
fort in railway travelling; all of which are well e-xeciitod, 

A locomotive (1022, Class 5) con.structed according to Mr. 
Crarapton'a plan, is exhibited by Messrs. C^ail and Co., of Paris, 
from whose extensive factory about 1000 of such engines have 
been turned out; Crampton's engines having been adopted very 
gouorally on the railways of France, Russia, Spain, and Italy. 
The axles of the engine exhibited, which has six wheels coupled 
together, are fitted with the apparatus invented by M. Caillet 
to enable the wheels to move sideways, so as to adapt them to 
run on sharp curves. Mesara. Gail have been awarded also a 
medal for sieam-engines and boilers {1144, Class 8). 

The third French locomotive (1032, Class 5, medal) is contri- 
buted by tlie company of the Chemin de For du Nord. It is a 
powerful engine, intended for goods trains, and is mounted on 
lour pairs df wheels cogplod together. It is chiefly remarkable 
for its great size and strength. 

There are several kLnda of breaks exhihited by French engi- 
neers, two of which are called self-actmg. One of these, eihibited 
by the Lyons Railway Company (1016, Cl.ias 5, honourable 
mention) is intended to act on a greater declivity than it 
would bo }ioa8ible for the mere locking of the wheels to pro- 
duce effect. The automatic action is not very clearly perceptible, 
but it i.s said " to act of its own accord by the anappingoftbe cable." 
In fi moilel of a break (1040, Class 5) exhibiteil by M. Didier, of 
Paris, the plan is adopte^l of bringing three blocks to rest on the 
rails without locking the wheels, which is, we conceive, the most 
edieottud plan of stopping a railway train without risk of injury 
to th* wheels or to tue rails. Among other articles exhibiteil in 
the Fr>;uch machinery department there are several axles wiih 
eoDtrivancM for supplying greai^o; there ai-e four exhibitors 
«jf *he*l«»nd tires; there are rails and crossings, and models of 
•KgMls; and in oases where it did not suit the convenience of the 
WT«nU>n to Mod locomotives of full size or models, drawings 
kars b«<a forwarded. 

Tbe contributions from Belgium of articles connected with rail- 
ways is neither so numerous nor so worthy of notice as might 
kave bcoA expected from the country on the continent in which 
i f* y* *w« first introduce<l, and wherein the system was first 
^••ipt'^to *Jb« ^mteat perfection. Only one locomotive engine 
» wftfc itedi wludi preeeats no remarkable feature ; and there is 
••^ • ^?''*' ••il*»y carriage, and a weighbridge for railways ; 
caoCribntioiu, oooaisting of wheels, tires, axles, and 
~ '' * to abow the quality of the iron of which 
•ay paeoliarity in the mode of construction. 
have made great efforts to display 
tbece are only eleven exhibitors in Class 6, 
are the most striking of the kind of any 
Mr. A. Bonig, of Berlin, has sent a locomotive 
{MM »Q— » *> owdal); the Berlin Company for the 
ef nS«mj iei|aisitei^ have oontribnted specimens 
^ aadU) of Um fimr rfi—w of paaaeoger carriages 
Ac Bochom Mioiog aud Ciat Steel Mana- 
/ €»kibit speciiDeiu of wheels and tirea ^1253, 
^ ■■■Ml «■■• «f wlucli are 9| feet in diameter; 
ttiBtribatocs of steel and of Iron 
ij im made by M. F. Krupp, 
trophy of cast-steel articles 
(ISM^ Ckfli 8, B^dMyr including cannon, 
M. Krupp poeaeaaea, we 
>a the world. In 1851 he 
of abkd that weighed two 
and he now exhibits a 
tacBtj tooa, broken in the 
roB{^ atate are quite free 
Tanoos aunplea of cast^ 
I kave for aome yean past 





been used on the railways on the continent and in England. 
Among the specimens exhibite<l are the tires of wheels taken from 
an engine on the Eastern Counties Railway, after having run 
upwards of sixty-six thousand miles without being tumea; also 
similar tirea from the wheels of an engine that weighs twen^- 
cight tons, and which had run on the North London Itail way for 
seventy-seven thousand miles. ^h 

The railway wheels of various descriptions, made of steel or ^H 
iron, or case-hardened, and of axles, contributed by the Bochnm ^^ 
Company, by the Horde Society of Mines; by Mesiara. Lebrkind, 
Falkenroth and Co., of Arnsberg; by M. liutfer, of Breslau; and ^ 
by ihe Sieg-Rhine Company, together with those of M. Krupp, ^M 
form a collection that for number, Viiriety, aud excellence is ^B 
scarcely surpaeaed by those in the English portion of the Exhi- 
bition. 

Of the other states of the Zollverein, Saxony is the only one 
that has sent any specimen of manufactures connected with rail- 
ways, and the sole contribution of Saxony is a locomotive 
engine, manufactured by R Hartmann, (231li, Class 5, medal) 
with moveable fore-axle, foi- mountainous districts and short 
curves. There is a great de."il of workmanship in this engine, 
which is very well finished, and the external couplings for the 
attainment of a lateral motion, give it an appearance of great 
complexity compared with the simple couplings by connectiDg 
bars to the cranks of moat locomotives of English manofacture. 

It is a remarkable fuiibitre of the present Exhibition, that while 
the only contributions connected with railway locomotion from the 
United States of America arc some lithographs and photographt 
of locomotives, yet Italy, Sp.nin, Sweden, and even Russia are 
represented in that class. Italy, indeed, sends a large locomo- 
tive engine, with six coupled wheels (1002, Class 5, honourable 
mention) from the Pietraraa Royal Works at Naples, and judg- 
ing from the models sent by other exhibitors it appears that the 
inventive genius of Italy is beginning to be directed towards 
railway engineering. There are, for exantple, an atmospheric 
railway with a valveless lube, exhibited by V. Fucini, Pavia 
(1000, Class 5); " steam engines for railways and steamers on a 
new principle," exhibited by G. Vanossi, Chiavenna (1004,. 
Class 3); the model of a locomotive tender, exhibited by Volini 
aud Co., Verzaro (10(J5, Claaa 5), applicable to steep inclines; and 
the model of "an electric signal to prevent collisions," exhibited 
by E. Vincenzi, Modena (1006, Class 5, honourable meutioo). 
The inventive genius of Spiin seems, also, to be awakened, J 
for of the three objects in Class 5, sent from that kiugdom, ^H 
one is a waggon wheel " constructe*! so ;» tc> move without ^1 
friction at the axle,'' and another is the model of a locomotive 
"moved by hydrogen gas." The four contributions from 
Sweden consist of railway wheels, axles, tires, aud nil-spikes; 
and the two from Russia are specimens of rails. 

Many of the objects exhibited in the foreign division of the 
western annexe deserve more particular notice than we have now 
bestowed on them, and we may probably return to the subject 
again, but we have said enough to indicate that foreign engineers 
have made important strides in the coustruclioa of locomotives 
and of railway appliances since 18ol, aud that it is uecessarj for 
the engineers of this country to be on the alert to keep in adTanoa 
of those on the continent, especially in Germany. 
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Expiations of Copper Ga»'pipet.~T>r. T. L. Phipson. states 
it has been discovered that when gns-pipes ooustrncted of oopt 
or bronze have been long submitted to the action of ordioarr ooal«j 
gas an explosive compound of copper and acetyleu (ooe'ofthfl 
many ingredients of coal-gas) is formed. When dry, this 
pound detonates with extraordinary violence aa aooii as it 
rubbed, struck, or heated. Already some accidents hare ooct 
and some workmen have lost their lives while deauing la 
copper gaa-pipea from this circumstance. No sach exploeii 
compound appears to be formed when iron or lead are used. It is 
evident that lai^ge copper gas pipes are unsafe, aud that some 
other metal should he substituted for the copper, as Um latter 
may give rise to explosions at any moment, As oonomn anill 
pipes constructed of this metal, they should not be allowed to Ml 
foul, and when about to be cleaned hydrochlonc acid AoaU a* 
introduced into them for about ten minutes before thej ara mb* 
mitted to any heat or friction. Hydrochloric add deeQigi|MMee tbe 
explosive compound, combines with the copper, ajkl pota the 
acetylea in liberty. The acid may then be washed oot with bol 
water. 
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ON THE CONSTRUCTION OF WROUGHT-IEON 

LATTICE GIRDERS. 

By TaoxAa Caboill, C. R 

Tbb iTiAn,v and peculiar advnnUges possessed io general by 
t^Ti^iight-iron bridges of every descriptiou, in the facility with 
wliich tbey can be rendered available in aituations where similar 
structures of masonry could only be erected at a far greater cost, 
attended with much risk and uncertainty, are daily rendering 
tliem more important objects of study and attention to the pro- 
fesaionul man. 

It is true, that these advantages may be also claimed by cast- 
iron girders, but they lack one indispensable requisite — namely 
portability, for a cast-iron girder must arrive at its destination in 
as sound and perfect condition as when it left the workshop, and 
this is rather a hazardous matter to accomplish, when we take 
into consideration the chances of injury which may accrue to it 
during Its transit from one countr>' to another; the difficulty of 
transporting the castings safely increases with thoir size and 
weight, which depend, rceteris parihwt, ou the span of the bridge. 

It is widely different with respect to a wrought-iron girder, the 
component parts of which can be separated, respectively packed 
together, and dispatched over land and sea to the future site of 
their erection, with very little fear of accidental injury; moreover, 
in the event of any occurring, the nature of the material and the 
size and form of the different portions would more readily 
admit of repair than in the former case. 

i am aware that large castings have been sent from this 
country, and readied their destination in perfect safety; but that 
the preference is given to wronght-iron (with the exception of 
the system introduced by Col. Kennedy) na the materi-il for rail- 
way bridges intended for foreign countries, is .imply manifested 
by its very extensive use in the iron bridges and viatlucts of our 
ladian Railways, all of which I believe were, and continue to 
be, manufactured in England. The ^Hiadnots over the Soane, 
Jumna, and other large rivers, furnish magnificent examples of 
its utility, and of the engineering skill displayed in its appli- 
catiim. 

There are however far weightier considerations, such as the 
Skilure of several ©lat-irou bridges, together M'ilh the treacherous 
andoDcertain nature of the material, which altogether preclude any 
OotoparisoD between cist and wrought-iron bridges, except in the 
case of very limited spans. The latter cau.<ie for non-reliance on 
sach a substance has, unrortunatcly, been but too well evidenced 
by the New Hartley Colliery accident, which cost us the lives of 
over two hundred of our mining population. It may not be out 
nf place here, in illustration of the difficulty experienced in ti-ans- 
porting largo and heavy castings to even a comparatively short 
distance, to quote from the Report of Mr. W. Tiemey Clark 
respecting the proposed bridge to connect Buda with Peath, across 
tbe Danube, in Hungary. Mr. Clark in his i*eport alleges, on the 
suppoaitiou that the bridge was to consist of cast-iron arches, 
that "it would be next to impracticable" to obtain the safe trans- 
port of the necessary castings from England. 

The ditferent forms in which wrought-iron girders have been 
constructed are exceedingly numerous, but all those which expe- 
perience ha.s shown to be adapted and safe for railway traffic may 
be classed under the following heads; — 1, all girders having con- 
tinuous webs, Buch as the plate, tubular, box, &c.; 2, those having 
open webs, including the trellis, lattice, tri.angular, &c.; 3, the 
arch; 4, the bow and string— under wliich denuiuinatiou the late 
Mr Brunell'a stupendous Royal Albert Bridge might come, 
although in reality it embodies a variety of principles m its con- 
struction. 

I exclude from this enumeration all bridges purely on the 8U»- 
pension principle, hanging girders, and others of a similar 
description, which have not yet been sufficieully tested in prac- 
tice to warrant their being included under the head of Railway 
Bridges, i^cime might think that tbe Niagara Suspension Bridge 
should be mude an exception to the above, but when we consider 
that railway trains are not permitted to cross it at a greater speed 
then five miles an hour, it can harrlly be called in the proper 
WDse of the term a railway bridge — at any rate, not in this 
ooontiy; for it is certain that nn Government Inspector would 
paw a line as fit for public traffic, over a portion of which it 
would be always unsafe for a train tci travel at a greater velocity 
than five miles per hour. Wrought-iron lattice girders have been 
gradoallj gaining grouud with the profession, since the erectiou 



of the Boyne Viaduct, one of the lai-gest, if not the largest 
example of the kind, taking the span as our datum. It is true 
that the Commissioners appointed in 1848 to inquire into the 
Application of Iron to Riilway Structures reported that "lattice 
girders appear to be of doubtful merit," but now we might 
safely, without fear of contradiction, substitute the term "un- 
doubted" for the word "doubtful." Lattice girders, trellis, tri- 
angular, and the different modifications of the open web form, 
have been oflen included under the same denomination. With- 
out going into all their respective difierences, I will briefly 
mention as suflScieut for my present purpose the chief charac- 
teristics of the lattice girder proper, which serve to distinguish 
it from the other forms which have been aomotimes confounded 
with it One distinguishing feature is, that all the compres- 
sion bars, or struts, composing ita web are inclined at tbe same 
angle as the tension bars or ties, and that it does not admit of 
vertical struts; any that are so placed being intended to act merely 
as stiffening bars; this is a very common arrangement with single 
lattice girders, and is indispensably requisite when they have any 
considerable depth. Again, the connections of the different parts 
are all nuide by the use of rivets, and never by the employment 
of pins, as is the case in Warren's triangular girders. There 
must also be, at least, one crossing of the diagonalis in the web to 
constitute a lattice girder; this occurs in the very smallest exam- 

Ele.H, namely, those which are used for the cross girders of laree 
ridges. I^attice girders may be either single or double; the 
former require so very large an amount of bracing to keep them 
steady, that they have been greatly superseded by the latter form; 
they are however, when of limited dimensions, exceedingly well 
adapted for cross girders and accommodation nnder bridges, &c. 
Fig. 1, which is drawn to a scale of ^„-, is the elevation of a 
central portion of a wrought-iron double lattice girder, showing 
the plates, auglo-irona, tension and compression bars, and connect- 
ing rivets. The girder may be divided into three principal parts, 
viz., the lop and bottom flanges, and the intermediate portion 
attached to them. In the following investigation I shall use the 
word "flanges" to denote the collective area of the plates and 
angle-irons at the top and bottom of the girder; while the tension 
ana compression bars, or ties and struts, forming the intermediate 
portion, will be included in the term "web" (for a further explana- 
tion of these terras, the reader is refen-ed to Mr Latham's 
excellent work on Wrought-iron Bridges.) Tbe compression bars 
are, generally speaking, those which slope away from the center 
of the girder towards the ends; and the tension oars tfiose which 
slope in the reverse direction. Sometimes a careful calculation is 
necessary to decide whether a bar is in tension or compression,^ as 
a bar may be acted upon by both tensile and compressive strains 
nt the same time; but a bar is correctly said to be in tension or 
compression, according as one cr other of these strains pre- 
ponderate. ' 

In Fjg. 1, the web is shown attached to the angle irons by 
rivets; at a certain distance from the center they increase gradually 
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toward the ends of the girder, according to the scantling of 
the ties and struts, which vary similarly in the same dii-ectmns; 
the strains upon the rivets of any one strut and upon thoae of 
ita con'esponding tie are by no means e<]ual, as might at first 
be supposed', for, if the ends of the struts be cut to the proper 
angle and abut fairly against the upper and lower plates, tbe 
rivets are relieved of some portion of the strain which would 
othenA-ise fall on them; if the strut* were perpendicular to the 
flanges, that is if we made uprights of them, so that the pressure 
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should be in a vertical direction, there would be vwy Httle need 
of rivets, except to keep them from being shifted from their 
proper position by the vibration of the girder under a load, the 
tendency of which is to destroy the equilibrium of the structure 
by altering the normal directions of the lines of prensure. It ia 
otherwise with the bars in tension, aa in their case tlie rivets 
have to bear the whole of the direct pull, or lougitudiual strains 
which pass along the bar, and transmit them to the angle-irons. 
Towards the end« of the girders, where, in consequence of the 
increased amount of strain brought upon the web, the ties and 
■truts are oflargerscantliuga than at the center, it would be more 
advantageous, instead of inserting the rivets, as is frequently 
done^ along the line of the longitudinal axis of the bars, to place 
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them in the manner shown in the tie bar, Fig. 2; this evidently 
cannot be done with the channel iron strut .shown in the same 
figure, and it may be remarked, that the principle disadvantage 
of this form of iron, otherwise so well suitefl for conipresaion bars, 
Ih, that more than one rivet cannot be inserted in the breadth of 
the channel portion of the sections usually manufactured. It 
will be seen, on referring to the figure, that the latter method 
distributes any strain, which is induced in the bar through 
the medium of the rivets, much better than the former, 
for when they are all placed in the center line of the bar the 
direct strain also passes along that line, or, so to 8j^>eak, along the 
central longitudinal fibre; when placed as in the example before 
us, they distribute the strain along three parallel fibres in lieu of 
one, and it needs no explanation to show, that were it possible to 
attach each individual fibre of tlie bar separately to the anele- 
ixons, the nmximura distribution of the sti-ain along the uar 
would then be obtained. Judging solely from this statement, 
combined with the well known fact that small bars and platea 
are proportionally stronger than others of the same length but of 
gi-eater sectional area, it might be inferred, that the most judicious 
arrangement in a lattice girder would be to have a large number 
of bars of small dimensions; the extent to which it might be ailvis- 
able to carry out this in practice will be limited by the considera- 
tion, that the closer we bring our bars together within a certain 
distance, the more we encroach upon the properties belonging to 
girders having continuous webs. Into a comparison of the 
relative merits of the two kinds of stnictures, it is not my 
intention at present t<^ enter. The best example of the practical 
application of the above principle is to be found, as far as my own 
knowledge goes, in the strands of the cables of the Niagara 
suspension bridge; these strands are composed of wires so small, 
that it requires sixty of them to make up one square inch of 
section;* making use of mathematical language, and putting 
^0^=^, wo obtain the thickness of the wire equal to about 0146 
of an inch. 

We will now pass on to investigate the manner in which the 
longitudinal angle-Irons perform the duties imposed u[>on them. 
Their chief office ia to attach the webs to the plates, they ahnulil 
also distribute the strains uniformly over the plates as much na 
pOBsible; and, moreover are intended to act as stiffcners to the 
flanges; this lost duty they perform principally by t!ie trough-like 
form they impart to them; it would thus appear atlvisiibte to em- 
ploy unequal-sided longitudinal angle-irons, with the longer side 
vertical, which would also alTord more bearing for the webs; but, 
on the other hand, it is well to have all the material used in 
calculating the strength of the flanges as dose together as can he 
conveniently done, and there ia no advantage to be gained in 
giving the bars more hold than is necessary, on the contrary, 
there would be a loss of metal without any adequate compensa- 
tion for it. 

In order that the angle-irons may connect the plates and web 

' S«e SupplcJitcnt U) Crasj'i Ew7CIapi(4U of CItU Engineering. 
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together, they must themselves be riveted to the plates first; 
here occui-s a serious disad>'antage inseparable from their nse, 
for, to obtain this connection, a certain amount of metal must be 
punched or drilled — the latter is preferable for many reasons — 
out of tho top and bottom plates, which are therefore weakened, 
although not equally so, in proportion to the size and number of 
rivets employed for the purpose. 

This will be at once understood by a reference to Figs. 3 and 4, 
which represent a portion of the plan of the inside and outside 
of the plates shown in elevation in Fig. 1. The riveta aie there 
shown 6 inches apart from center to center, breaking joint, or, 
aa it might be termed, with an alternate pitch of 3 inches. 
Instead of disposing the rivets in thh manner, it is a very 
common practice to place them all in the same line across t* 
plate, so that the hne of fracture, or direction along which t 
plate would have the greatest tendency to split, would be throu^ 
the rivets 1, 3, 4, 6, instead of through 1, 2, 4, 5; and it is alleged 
in defence that the plate woidd be as likely to split through 
latter as the former direction. When the rivets have a pitch 
only 3 or 4 inches, this statement becomes practically true, 
then the net section (by which I mean the section of mate: 
left to resist fracture after deducting for rivet holes) along th 
two different directions ia so very nearly equal that it is a mat 
of indifference whether they break joint or not; in the whole 
consider it preferable in any case not to insert the rivets in ti 
same line, partly because there must always be a slight increase 
section obtained by causing them to break joint, varying dir 
as the pitch, and also they distribute more efficiently the s 
which is brought upon the plates by the angle-irons. T may stata 
h»re that it is not my purpose to give a design for any particular 
bridge, but simply to make use of such portions of a design aa 
may serve to illustrate the present remarlcs. The dimensions of 
the various parts in tho figures originally answered for a 
of 60 feet span for a single line of rails. In order to show 
the comparison between these two methods of disposi 
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rivets in the plates, we will take an example. Let & be t 
breadth of the plate: n the number of rivets aloug the line 
fracture, or the line through which the net section is calculat 
d the diameter of the rivets, and t the thickness of the pla 
let X also =r the distance from the edge of the plate to the ceni 
of the first row of rivets, and p the pitch of the rivets, Putti. 
L and Lj for our two lines of fractui'e, and S and Sj for the orit 
respoudiug net sections, we obtain, when the liue of fracture lies 
through the rivets 1, 3, 4, 6 (sec Fig. 4), 

h={b-ndy, 8=U=(b—nd)t; 
when the liue lies through rivetA 1, 2, 4, 5, as in the case of 
rivets breaking joint, 

and Si=L,<= j 2jr-f ^^((6 — ixy + ^\-„d\ t. 

Now making 6=24", n=4, d= j", and t=ii', wo have 8=10"5 
STjiuire inches; using the same noUtion in our second example, 
with the addition of J"r3lJ"andp=:8'', which i.«i about as far apart 
as would bo desirable to place the rivets in this instance, we 
obtain Sj=ir05; as x; although not introduced in the fit 
equation, is common to both, iusomuch as it forma a portion 
the total breadth b, it fullowa that the diiference between thfl' 
two sections is aa the pitch of the rivets. With respect to the 
disposition of the rivets in a luugitudiual dii-eotion, the nature 
of the oonstructioa leaves us very little choice; the position of 
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.he angle-irons determines that of the rivets; the first angle-iron 
nsatUlj placed a« shown iu Fig, 3, with the edge of llie hori- 
soDtai dide flush with the edge of the plate, the space l>etween it, 
ftijd the one closely adjoining it, ia fixed by the maximum thick- 
ness of the web to be inserted between them, as will be men- 
tioned herenfter; the other coaple are similarly placed, and the 
rivets ran alone the center of each. It results from adjusting 
the augle-irons in this manner that there is a much wider space 
between the two rows of rirets neaiest the center of the plates 
than between them and the outer iv>ws, and the consequeuoe is 
that the bearing is confined more or less to the edges of the 
plates iustead of throwing the strain well into the centj-al por- 
tioms of the tiangcs: this could be obviated, and the distances 
between the rowa of rivets more equalised, by shifting all the 
angle-irons nearer the center of the plate, still retaining the same 
space between each couple; bnt, by doing so, we also bring the 
webs nearer each other, and thus virtually destroy the very 
principle of the double lattice girder, which is to keep the webs 
as far apart as the breadth of the top and bottom plates will 
permit, lu order to obtain that degree of lateral stiffiii-sa which a 
single lattice girder never affonls; for it is certain, that in nine 
cases out of ten, a single lattice girder would fail through the 
distortion of its web long before its ultimate strength could be 
rendered available. Suppose that we continue to move the anele 
irons, in pairs, until they are in contact, then the webs will also 
touch one another, and the structure becomes changed from a 
girder of the former to one of the latter description. 

In all double lattice girtlers I am strongly inclined to doubt 
whether the full strength of the plates is ever called into play, 
except in the joints, wher« the riveting is con tinned right acmss 
the plate, by the method employed of riveting the plates and 
angle-irons together in a longitudinal direction; and where the 
pUtes exceed 2 feet in breadth, 1 think the whole value of the 
material is not obtained without the aid of occasional transverse 
stitfening pieces of some kind or other, which would also tend to 
prevent the crippling or bnckling Dp to which the plates are 
always liable. In girders of very considerable length, this object 
is acoomplisheti by the use of cellular tops, as in the Menai 
bridge, bnt unless the girder exceeded 200 feet in length, it is 
questionable whether the advantages resulting from their em- 
ployment coulil not be economically obtained iu another manner. 
A cellular top applied to any girder is nothing more than the 
addition of a small three-sided box girder along its whole length, 
the top plate of the main girder supplying the place of the fourth 
side; taking in consiileratiun the number of joints in its top and 
sides, together with the naraerons stiffening pieces, we shall find 
that the cellnlar top would demand an amount of workmanship 
little less than that required for the main girder; moreover, 
nnless when they accompany bridges of very large spans, they 
are of dimensions so limited that there is no getting at their 
interior when they are once put together and placed in their 
proper position. The observations made above respecting the 
oebti-al portion of the plates of the lattice gvrder not being called 
into play, also apply to the cellular top, bat not so forcibly, as 
here are usually internal bracings or diaphragms constructed at 
certain distances, which cause a more e<jual and uniform distri- 
bution of the stiaiud. 

To return to the double lattice, the manner in which the con- 
necting angle-irons tend to stiffen the flanges is at once seen on 
inbpection of Kig. 5, which represents two half vertical sections; 
that to the right of the line AB is taken through the center of 
the girder where the ties and struts are both plain bars; the other 
section is made ncir to the end, where the struts are usually 
formed of either angle, Tj or channel iron; in the figure channel 
is the form shown, and the thickness of the web at that point is a 
raaximum, which, as I have before stated, regulates the distance 
at which the pairs of angle-irons are to be placed from one another. 
As the thickness of the web is continually varying, it becomes 
necessary, wherever it ftdls short of the maximum, to insert till- 
ing or packing pieces between the bars, to compensate for the 
deficiency, and to insure the angle-irons being retained at a uni- 
form distance apart; the packing pieces are shown in tlie section 
to the left of the line AB, Fig. 5, To avoid confusion iu this respect 
I have eihown the web aa nltogether in elevation, although it is 
•ridefit on looking at Fig. 1, that a vertical section through it 
wonld cut the bars in one or more places, which crossings are 
omitted in the section for the above reason. If we call d the 
maxi/nnm thickness of the web, or, what is the same thing, the 
distance between the couple angle-irons, and if < be the thick- 
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ness of the web at any point, then putting p for the thickness 
the (lacking peice required, p=(d—t): this equation will howevi 
only hold good where the construction is similar to that repre- 
sented iu Fig. 5. .\t first sight, the weight of the packing pieces 
would not ap[>ear to be of much consequence, and one would be 
ready to put them in, liere and there, wherever they might be 
requireil, without considering whether they might be dispensed 
with or not; in taking out the quantities of a double lattice girder 
of the moderate span of tiO feet, I have found the weight of the 
filling pieces to amount to a considerable item. Also, as the 
packing pieces cannot be includeil in obtaining the area of the 
flanges, in the uduulation respecting the strength of the girder, 
they merely add to its weight without increasing the strength. 
When channel iron is employed for the compression bars there are 
three ditferent ways of attaching them to the flanges. In Fig. 5 
the strut is shown rivotted between the double angle-irons, and 
to effect this a small portion of the webs are cut oti' at each end, 
which allows the channel part to be 
inserted, bat at the same time it 
somewhat weakens the strut; this 
may be avoided when thought neces- 
sary, by placing the strut outside 
one of the angle-iions, and tlius 
getting the full net value of the 
metal; this advantage, however, u 
gained at the expense of the far 
better hold which is afforded by the 
iuaertiou of the struts between the 
augle-irons, and it also makes the 
distance between the double angle- 
irons so small, that it might be 
preferable to use T iron, instead of 
pairs of angle- irons when tliid method 
IS adopted, and thus reduce the 
number of filling pieces to those 
required at the crossings only of the 
ties and struts. The arrangement 
represented in Fig. 5 may be adhered 
to without depriving the comyjres- 
sion bar of any of its strength, for instead of cutting off the 
ends of the webe, they may be bent over and forged down 
upon the channel part, thus increasing its thickness, but at the 
same time it would increase the distance between the double 
angle-irons, and so neceasitate an addition to the thickneaa of 
every filling piece employed. 

If T or angle-iron is used, instead of channel for the struts, 
there must still be some cuttingoff or forging of the ribs, in order 
to make them fit in between the angle-irons. The manner of 
attaching the tension bars is too simple to require any remark. 
The opposite lattices in the same girder are very often joined 
together by either a piece of bar or angle iron running from one 
crossing to* another, and in large girders the opposite compressioa 
bars are nuite<l throughout their whole length by diagonal ban; 
in the latter case T or angle-iron would be better sections thi 
channel, as, unless the compression bars are of very heavy scaai 
ling, the webs of the channel iron would be very unfavonrablo 
for the insertion of rivets. 

Having now considered the main features in the construction 
of wrought-ii"on double lattice girders of moderate span, I will 
endeavour to point out in what manner I think some of the 
defects may be remedied, without losing any of the advantages 
posaease<i by the present methods in use. 
( To be eondntud. ) 
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THE ANTIQUITIES OF WELLS.* 

By J. H. Parker. 

I coNsiDKti Wells as one of the most interesting cities we have 
remaining anywhere, from the unusually complete series of 
Medieval buildings belonging to its ancient cathedral establish- 
ment. I believe there is not such a complete collection anywhere 
else; and the cathedral would lose more than half its interest If 
deprived of these adjuncts. I would strongly urge upon thvj 
inhabitants of Wells and of the county of Somerset the importance 
of preserving this aeries of buildiugs as complete as possible. If 
they are not patriotic enough to appreciate them for their artistic 

* Paper read before the Somenot Archaologlcal aocMy. 
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and historical value, they may perhaps be more open to the con- 
sideratiou of tnoiiey value; and I am much mistaiceii if they do 
not find in a very short time, the number of visitors who are 
attracted by the unusunl interest of their city is large enough to 
become a valuable conaidoration, especially nocr that it has the 
advantage of roilnray communication with the rest of the world. 
I have reaaon to believe that the iuterest tuken in our Mediaeval 
buildings by all classes, high and low, bus iocreased in a very 
extraordinary mauner, within the last two or three vears especi- 
ally, and I may mention one or two facts in proof of this. Only 
last week I was informed, on gooii authority, that the number of 
visitors to see Westminster Abbey has been not less than a 
thousand a day during a great part of the present season; and on 
one particular day upwards of three thousand persons paid their 
sixpences to the fabric fund for seeing the royal tombs and 
chapels- During the anjne period the number of visitors to see 

^Windsor Caatlc, on the days on which the pnblic are a<l milted, 
which are five days in the week, has been upwards of tweU'e 
hundred a day. Of the interest taken in the subject by the 
higher classes I can myself bear witness; for I am overwlielme<l 

lirith invitations from the highest nobility and gentry in the land 
to explain to them the history of their castles or houses, 
abbeys or churchesu The hviudreds who attend the numerous 
wchitectural meetings testify to the Kime fact. I am also engaged 
upon the architectural history of Windsor Castle for her Majesty, 
who expresses great personal interest in the subject. 

Nor are our neighbours serosa the Channel one whit behind 
118 in the interest taken in the subject. The French Government, 
which reflects the opinions of the majority of the French nation 
lar more faithfully than some of our friends are willing to allow, 
expends large sums every year in the preservation and restoration 
of their historical monuments, and in the formation of mnsscums 
of antiquities. I am sorry to find that the people of this country, 
which is one of the richest districts in Europe iu historical monu- 
ments, are rather behind the world in tlieir appreciation of them; 
tkiid that during the last year one of the old canon's houses in 
Wells, with a fine hall of the fifteenth century, has been wantonly 
destroyed under the name of improvement; and that the orga- 
nist's house, another of the aeries, which has first been almost 
s|)oiled by neglect and by the stupid alterations of the hwl century, 
is now threfitened with entire destruction for the purpose of open- 
ing a view, one of the usual excuses of ignorance. I do not know 
who the parties are who are at the bottom of this spirit uf 
destruction, and I do not wish to inquire; hut I could almost V>e 
auBwei-able that some old man, or old woman, of seventy is the 
prime mover of it. I have always found it so everywhere; and, 
the obstinncy of old age being added to the usu.al obstinacy of 
ignorance, it is generally r^uite impossible to move it or m;ike any 
impresaion upon it: the only chance is that some younger men 
may overrule him; and we must endeavour to bring public 
o])inion to bear ujion id! such cases, The last generation was 
entirely ignoraut of the value of any Mediieval buildings. The 
history uf England itself was very little studied or understood in 
their youth, and they could not uuderatand at all these great 
landmarks of history. But in the present day, when every girl 
in her teens who has had a decent education is ashamed of her 
ignorance if she does not understand something about tliem, and 
it genei'ally willing enough to show her own knowledge by laugh- 
ing at the ignorance of others; and wlicn every educated man 
points the fiuger of scorn at those who would destroy any 
historical monument; it is only necessary to expose such attem]'ts, 
and not allow the mischief to be done in a corner. 

But it is time tliat I came to my immediate subject — the Medi- 
aval buildings of Wells. The Cathedral has been sufficiently 
done by others: the Bishop's Palace I described hist year. I also 
gave a slight account of the Deanery, the Archdeacoary, t!ie 
Vicars' Close, and the old houses of the canons and oflicers jf the 
cathedral; but these, I think, will bear a little further clucidaLion. 
The Deanery is said to have been built by Dean Guuthorpe 
(1472 — 1498); and, though a good deal spoiled by modern sash 
windows and other alterations, it is still nearly a perfect specimen 
of a gentleman's house of the fifteenth century, and has its own 
gate-house and wall of incloaure. The principal apartments were 
all on the first-floor, which was a very common arrangement in 
Mediceval houses, the ground rooms being commonly cellars and 
atorehouses; for the state of tho country, the want of roads, the 
scarcity of shops, and the bad supply of the markets, made it 
necessary to keep a much larger quantity of provisions in store 
than is called for in these days. The aal ting-house, the bake- 




>r t(^_ 

cas^H 



honse, the brewhonse, the spicery, and many other simi 
apartments, were quite necessary in a large house; and the whol 
of the ground-floor was fretjuently occupied in that manner, 
the Deanery, the principal apartment was in the garden fi"out, 
back of the house, on the first-floor, and is a valuable example 
the transition from the ejirlier Mejiteval hall, with its lofty 
and the more comfortable dining-room of later days. At thi 
upper end it has the beautiful bay window for the sideboard at 
the end of the dais; and at the lower end the music gallery, which 
is of stone, carried on a wide Eirch, with the stone staircase to it 
at one end — an unusual arrangement; and under the arcb is the 
lavatoiy, for the guests to wash their bands befoi'e going into the 
hall, as this was behind the screen which crossed the entrance. 
But, instead of a lofty open roof, it had a flat panelled ceiling^^H 
The approach to this hall was by an external staircase at tbfi^H 
corner of the house, of which the newel-jwat remains; and the^^ 
doorway to it may be seen in the wall, with the marks of the 
pent-house over it. The present staircaae was originally for the 
servants only, leailing straight down to th^ kitchen and offices, 
which were on the ground-floor. Behind the dais at the upper 
end of the haU is the solar, or lord's chamber, known as Henry 
the Seventh's chiuulwr, because that monarch is said to have slept 
there on his visit to Wells. The house has formed three sides of 
a quadrangle, with a curtain wall across the fourth side or front, 
t(.iwards the principal court and the gate-house. It h.aa octigonal 
turrets at the coraers, apparently more for ornament than for 
defence. 

The Archdeaconry appears to have been a house of at least 
equal importance with the Deanery: in fact, the ball of it is 
largeV and more imposing; and, in this instance, it occupied the 
whole height of the building from the ground to the roof. The 
house was originally built in the time of Edward I., as is shown 
by the windows in the gable at the east end, and one of the door- 
ways near to this end, whicli h.'is a fine suite of mouldin^is on the 
exterior, and a foliated aieh within. This was the back door 
the servants' court; the tront door towaixls the close wjis largei 
and more important; but only a part of the foliated inner arch 
now be traced in the wall, the front of the house having been 
entirely modernised. The hall occupied about two-thirds of this 
jMirt of the house, and still retains a veiy fine open-timber roof 
of the early part of tVie fifteenth century, probably of the time of 
Bishop Bubwith, as it agrees with the roof of the hall and chapel 
of his almshouse. In the east wall of the archdeacon's hall ore 
tlie three doorways of the buttery, pantry, and kitchen, as usoai, 
showing tliat the otfices were at the east end of the house, bat 
have been destroyed. At the further end of the house, beyoni' 
the dais, it was divided into two stories — the cellar, or store-rooi 
nr parlour below, and the solar, or lord's chamber, or withdra 
ing room, above: this sohir ta itself a room of considerable size. 
The whole of the arrangements indicate that the arclideacou was 
a person of considerable imfwrtauce, and able to exercise hospi- 
tility on a grand scale; or the house may have been a sort of 
residentiary, where the Chapter exercised their hospitality as a 
body, like the Guests' hall, recently destroyed at Worcester. 

The house of the Choir-master, at the east end of the cathedral, 
is a small gentleman's house of the fifteenth century, tolerably 
perfect, with the roof and the upper part of the windows of the 
hall remaining, but disguised and concealed by modern parlitionBb_v 
The porch, with the room over it, remains perfect, and adds mm " 
to the picture.sque beauty of the hnuae, the rest of which 
entirely modernised; and the original otlices seem to have " 
destniyed, as is frequently the case. 

The Singing-school is over part of the west wall of the cloistei 
and joins on to the south-west corner of the nithedral 
Orgituist's house is close to this, and is one of the smaller honset 
of the fifteenth century, the plan of which was that of the letter 
T, the hall forming the top-stroke, and tlie rest of the house the 
stem; but the house has been almost entirely spoiled during the 
last century; vile additions have been made to it, encroaching on 
the araall space originally left between the house and the cloister, 
and destroying the outline of the house; which, when it stood 
clear, must have been extremely picturesque. The interior is 
also spoiled by modem partitions, now become more old-looking 
and more rotten than the original roof of the hall, whioh remains 

Most of the Canons' hoases have been either rebuilt entiiely or 
much spoiled by modem alterationa; one of them to the I'Oi 
east of the cathedral (now occupied by Cauon Brodrick) I 
good porch and a panelled battlement of the fifteenth c«ntu.T. 

Another house, rather farther to the east (now the Schcof), ' 
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partly of the fourteenth century, with a good finial on the gable, 
Mud the moulded arch of a doorway of that period, eridectlj the 
chief eutrance to the hall origiaally, but long blocked up. This 
ball has a fine timber roof with angel corbola, but quite concealed 
b]r modem Inth-and-plaster ceilinga. The cellar or store-room 
rrtnaina, with several lockers in the wall, and ia now the school- 
room. The solar over this is niodernisetl, but this also contaius 
the old roof, with ita gable and coping. To this wings have been 
added in the fifteenth or sixteenth century, apparently to obtain 
additional bedrooms; and it is probable that at that time the 
original kitchen and offices at the other end of the hall were 
destroyed, and new ones made in the new wing. Such a change 
aa this was very frequently made in the sixteenth century, 

The very remarkable and picturestjue Vicars' Close ia so well 
known that it is not necessary to repeat any long story about it, 
but the outliue of its history may be meutioneii. The vicars 
choral formed part of the original estabiisbraent of the cathedral, 
and were incorporated by Bishop .roceline in the beginning of the 
thirteenth century; and as he was a great builder, it is probable 
that he built houses for them; but all that we have remaining of 
bis time are some fragments of beautifully-sculptured ornament 
nsed up as old material, and built in the sjjandrels of the arches 
of the windows, and iu the parapet. These correspond exactly 
with hia work in the cathedral, and with the remains of his 
palace at Wookey; but they may have been brought from some 
part of the cathedral now destroyed, and the original vicars' 
houses may have beon of wood only, aa was very usual at that 
period. These were rebuilt by Bishop Ilalph, of Shrewsbury, in 
the fourteenth century; and he expreasl}- mentions in his will the 
houses that he has built for the vicars; but all that remains of 
bis work is the hall, with its west window and side windows; the 
east end over the gateway was lengthened iu the time of Henry 
VIII. by Richard Pomeroy. 

The present houses were entirely built or rebuilt by the exe- 
cutors of Bishop Beckington, late iu the fifteenth century, on one 
uniform plan, and several of these remain nearly perfect, though 
io man V cases they have been altered, and two houses thrown into 
one. l^or can we complain much of this, when we remember 
that the houses were originally intended for bachelors only, and 
each consisted of two rooms with closets at the back, but no 
otlices. The vicars dined together in their common hall, and 
required no kitchen in their houses. The close w;ia, iu fact, 
a college, in which each student had a amall house, instead of his 
two rooms in a large one. 

The very beautiful gate-house and bridge over the road from 
the vicars' ball to the cathedral, is part of the numerous works 
of Bishop Beckington, oue of the greatest benefactors of the city. 
The southern arch of IhiH bridge, the one nearest to the chapter- 
bouse, baa long been concealed from view on the east side by a wall 
which haa lately been removed ; on the west side by a stable 
built against it probably in the seventeenth century, but con- 
structed of old materials so ingenionsly put together as to deceive 
the eye at a very short distance, and to appear like part of the 
original structure. This obstruction, I am happy to say, is 
about to be removed, and the arch left open, which will greatly 
improve the effect of this very pemarkable bridge, I can see 
no reason for keeping the passage across this bridge always 
dosed, or why the theological students should not be allowed to 
go across it from their library, formerly the vicars' hall, to the 
cathedral, as the vicars did of old. This would be, in fact, resto- 
ring it to the purpose for which it was built; for the present 
theological students much more truly represent the class of 
penoDB for whose use the Vicars' Close itself and the bridge was 
ouilt, than the present corporation of vicars does. The degrada- 
tion of the class of vicars choral generally, now called singing men, 
ia one of the curses brought upon the Church by the change 
in the value of money. 

The only other Me<liffival house in WelU is, I believe, Bishop 
Bnbwith'a Almshouse, near St. Cuthbert's Church. This is re- 
markably perfect and veiy interesting, though much spoiled 
about a dozen ycai-s ago by some stupid builder, who could 
not understand or appreciate the wise arrangements of our ances- 
tors. The original plan was a great hall, with a chapel at the 
end of it, and with ceUs along the sides for the almsmen, which 
which were open at the top to the lofty and fine timber roof, so 
that each old man had the benefit of many haadred cubic feet of 
air; and, in case he became ill or infirm, be could hear the service 
chanted daily in the chapel without leaving his bed; and if he 
was able only to crawl to the door of his cell, he could see the 



elevation of the host by looking along the central passage to the 
chapel, and could always attend divine service, however old or 
infirm he might be. At the opposite end of the hall was a 
building of two stories, the lower one of which would be the 
common room of the almsmen; and over it the chaplain's or 
master's apartment. In this apartment is now preserved a very 
fine money-chest of the fifteenth century, with the usual three 
locks, and painted in the old stylo with a scroll pattern. This is 
supported ou a stand made for it in the time of James L, with 
some curious doggerel verses upon it. It is, perhaps, hardly 
necessary to observe that the arrangement of the cells idong the 
aides of a large hall is exactly the same as that of the dormitory 
of a monastery. This arrangement is the moat economical of 
space consistent with an abundance of air, and has been adopted 
in the dormitory of Bidley school, and some other large schools 
where the masters are enlightened enough to profit by the wisdom 
of their aucestora. The same arrangement is also adopted in some 
of the public baths lately erected in various places and for the 
same reasons. The partitions of the cells give privacy without 
losing space; and being open at the top to the roof, there is plenty 
of .<iir. At Glastonbury, an almshouse of this description has bad 
til e hall roof destroyed, and each of the cells roofed over, so as to 
turn them into a little street of cottages. I cannot see the advan- 
tage of this change. When the old arrangement was kept up, the 
almsmen, or the monks, were kept warm in the winter by hang- 
ings and an awning over the cell. But the modern builder has 
effected the improvement of making each cell as nearly air-tight 
as possible with lath and plaster, and introduced a second set of 
cells on a door over the original ones; thus entirely s[)oiling the 
old hall, and allowing each almsman only a very limited supply 
of air, hardly sufficient for health. I know nothing of the history 
of this alteration, but it seems natural to suppose that it has been 
done under the direction of some corporate body of governors, and 
has been considered a clever and ingenious construction, to accom- 
modate double the number of almsmen iu the some sjince and under 
the same roof; and it looks as if the trustees of the property with 
which the hospital was endowed by the founder had, after long 
neglect, been seized with some qualms of conscience, or some whol^ 
some fear of the Charity CommisKion, and had ob.served that their 
funds were more than sufficient for the then existing number of 
almsmen at the then rate of payment. In such cases it very 
commonly happens that the change in the value of money since 
the time of the foundation is entirely forgotten. If the endow- 
ment was in land, as it pi-obably was, it ia worth now, in nominal 
money value, twenty times the sum at which it was reckoned by 
the founder. This is no random assertion, but it is well known 
to those who have studied the subject: and I am not now speaking 
of the Wells case in particular: I only guess from appearanoes 
that the case is one of those of constant occurence everywhere. 

But to return to architecture. 1 have omitted to mention the 
Bishop's Bam, which is a very fine and perfect oue of the early 
part of the fifteenth ceutuiy, probably built by Bishop Bubwith, 
as the construction of the roof is the same as that of hia alms- 
house, although plainer. 

St. Cuthbert's Church does not properly belong to my 
subject ; but in order to complete the history of the MedisvaJ 
buildings i-emaiuing at Wells, perhaps a short account of it may 
be desirable. It was originally a cmciform church of the thir- 
teenth century, with a central tower and with aisles to the nave, 
but of the church all that remains La the original slate is a part 
of the north transept; the central tower has been removed, the 
church entirely I'ebuilt in the fifteenth century, without a vestige 
of the old work. The pillars and arches of the nave have beSi 
rebuilt in the fifteenth century also, and the pillars lengthened 
considerably. The arches, with their dripstones preserved and 
used again on the taller pillars, and most of the capitals have 
had the foliage cut off. The aisle walls, the clerestory, and 
the roof, are all Late Perpendicular, about the time of Henry the 
Seventh; but the beautiful west tower is evidently earlier than 
the clerestory and rcwf, and has the mark of the old roof on the 
east aide of it, coming below the present clerestory. This 
fine tower, which is certainly oue of the finest of its claaa, 
and which Mr. Freeman considers, I believe, to rank only second 
to one other, is said to have been built in the time of Bishop 
Bnbwith, or about 1430; and this appears to me probable. The 
character of the work ia rather flarly Perpendicular, and the 
groined vault under the belfry appears to be an imitation of the 
Decorated vault of the cathedral. The arms in the spandrels of 
the west door belong to benefactors whose families disappear from 
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the city records at)otit 1450, If the tower prove to be of the time 
of Bishop Bnbwith, it is a valuable date to have ascertained, as 
these rich Somersetshire towers ore nsually cousidered to be half 
a century later; and it aeems more probable, as Mr. Freeman 
observed to us last year, that they do iu reality spread over about 
a century, than that they wereaU built in twenty or thirty years 
at the end of it. 

As I have now said all that appears to me to be necessary 
respectiuR the buildings of Wells, I may perhaps be allowed to 
add a few words as to the manner in which it is probable that 
funds were provided for building them. There were, no doubt, 
at all periods some men who were fond of building, and when 
these men happened to be wealthy they built a great deal, as in 
the case of Biahop Beckington, who must have expended a very 
large sum during hia lifetime in building, and left tlie remainder 
of nis fortuuo to his executors to be expended iu the same 
manner. But there are men who are fond of buildiog in these 
days also; the difference is that building was almost the only 
mode of displaying wealth in those days, and every one likes to 
leave some memento of himself behind him if he can. 

For those buildings belonging to a cathedral chapter there ia 
however another mo<le iu which funds may have been supplied, 
at least in part. In nearly all these funndations certain estates 
were aet apart by the founder or bj' the chapter, from its earliest 
days, to form the fabric fund; out of this fund a gang of workmen 
vas kept in the regular employ of the chapter, and we find from 
the records of several of our cathedrals that the same families 
continued to serve the chapter as masons or carpenters or smiths 
generation after generation. In this manner they acquired great 
skill in their art; and although the architect, or master-mason, 
may have travelled and got new ideas from time to time, tlie 
greater part of the workmen were stationary, and naturally 
formed a school of their own, which accounts for the provincial 
character we very often find in Mediseval building*. After the 
cathedral was completed these men would naturally be employed 
by the chapter in any other works that were required, such as 
houses for the canons or officers, or for building churches on the 
manors belonging to the chapter. When a parish was an inde- 
pendent rectory it commonly had a fabric iuud of its own; and 
any one who has read many of the wills of the middle ages must 
have met with many bequests to the fabric, and these do not 
always prove that any particular work was goiug on, although they 
were, of course, more iiumei-oua at such times. When great 
works were going on, and funds fell short, the chapters sent round 
briefs or begging letters in all directions, and frequently obtikined 
large contributions to their fabric fund. It was therefore by the 
joint action of the voluntary principle and the heretlitary prin- 
ciple, or the endowments bequeathed by our anceatoi-s, that those 
magnificent series of structures were erected. 

Extract from the Chapter Book*, a.d. 1325. 

" Item — That the biahop shall contribute to the fabric of the new work 
of the cbtiTch of Wells one moiety of the proceeds of hia viutation. 

Item — Becauditi the stalls in the choir are niiuoua and ugly, it was 
ordered on the Mine day, that all and every of the canons who aK duly 
constituted in the dignity and office, ghtill make their own stalls at their 
own expense, and that the dean may coui|)et them to du ao." 

This shows that the buildings were not completed in 13'2d; it 
is probable that the L«dy Chapel and the Chapter House were 
the works then carrying on. The stalls then ordered to be made 
were turned out as rubbiali a few years ago, having previously 
been much spoiled. One of the ends of a stall-desk has been 
fortunately preserved by Mr. G. G. Scott, who obtained it by 
iiceident, and knew its value. (A photograph of this was exhi- 
bited by Mr. Parker, and w^aa acknowledged by all to be a very 
tine specimen of the woodwork of the fourteenth century.) 



THE ECONOMIC CONSTRUCTION OF GIRDERS. 
{CmUinwd from page 280.) 

GIRDERS OF GREAT SPANS. 
Tbs striking conclusions arrived at in our last paper will, we 
believe, be readily acquiesced in by those who are at the same 
time sufficiently acquainted with the practical requirements, and 
have thoroughly studied the simple mathematiad questions, in- 
volved in tijo deterraiaation of the weights of great girder 
bridges. But many readers, to whom the results may be sui" 
pTiaiag and interesting, may not care to follow the processes by 



which these have been attained, and cannot therefore have clear 
impressioas of the causes of such great disparities iu the weight* 
of girders when extreme spans are attempted. We shall there- 
fore endeavour to give here a more direct and sufficiently simple 
expoeitioa of the exoesaive inSueuce which the value of the 
economic merit of any particular form of structure has upon its 
weight when the dimensions are greatly increased. 

Fautliar Exposition of the Relation between Span and 
Weioht of Girder BaiccES. 

Let the general factor of safety bo assumed, for the sake of 
simplicity, the same for all spans. 

Let P represent the whole load belonging to one line of rail- 
way exclusive of the weight of the bai-e guxlers required for its 
support. P includes a movable loading at the rate of 1 too per 
foot of span besides the weight of the almres of the roadway pUi- 
form, hori£OQtal and transverse braciugB, permanent way, &c. of 
the complete structure, due to one line of railway. 

Let O represent the weight of the bare girder or girders re- 
quir»l to 8apt)ort the above loadings, besides its own weight. 

Then G+P represents the whole load supported, and therefore 
the whole practical strength required, of the girder or girders. 

Then G represents the portion of the practical strength of the 
girder not usefully available, being devoted to sustaining the 
girder itself. 

And P represents the useful strength, or the portion of tlie 
practical strength available for the support of the necessary load. 

Now let us asaanie that for a span of 50 feet the weight of the 
train, roadway platform, fee, or P, amounts to 65 tons; and let 
us suppose that two girders constructed on different systems, A 
and B— and each capable of supporting, under the proper fikctor 
of safety, its own weight in addilton to the above 65 tons — 
weigh respectively 4 and 6 tons: we then have 



Ginler built on 
System A ... 

Girder built on 
8yBlem B ... 



G-fP, 

or Wbola PracUco) 

Btrength. 

69 tons 

eras ITi to 

71 tons 
or as llj to 



G. P. 

or Streogth or Ar»U*bie 

SeU-abiorbed. Strengtb. 

4 tons 65 tons 

1 to W^ 



6 tons 
1 



to 



65 tons 
lOJ 



Now since the weights of similar girders are as the cubet of 
their spans, while their strencths (measured by the whole of the 
supported loads) are only as the nquares of their spans, it follows 
that the ratio of the weight of a girder to its strength, or of 
G : G-|-P> varies inversely as the span, or in other words, the 
ratio of G:8pan (G-t-P) is constant. Furthermore, these ratio* 
are not materially affected by moderate cli.ipges in the absolute 
strength of the girders, since, within practical limits, a girder 
which does not vary in span, depth, or design, but only iu the 
general scantlings or sectionw areas of the parts> will have its 
strength varying in the proportion of its weight. Therefore if 
we increase the above spans from 50 to 400 feet, the ratios of 
G:G-|-P, shown above as 1 :17J and l:llf, do respectively 

beoome=l :17iX ^ or 1 : 2-16, and 1;11|X ^ or 1 :l-4& 

And the ratios of G : P will evidently be obt&ined by dedaottng 

a unit from each of the foregoing, or 

SfRem A. Syftem B. 

When G : G-f-P = 1 : 218 and 1 : 1-49 
Then G : P = 1 : 116 and 1 : 048 

Now for the span of 400 feet let us assume the value of P to 
be==600 tons; and we consequently have 
8;«to0i A. Syntem B. 

*nd ^ .^ 

0-4S 



( - 1 16 



600 



= -rrr. =518 tons, and — .„ = 1250 tons, 
■ - 0'4o 

So that instend of the weights of the girders being as before in 

the proportion of 1 : 1'S for the 50 feet span, they are for the 

40O ieet sp.iu in the proportion of 1 : 2'4, although the relative 

economic merits of the systems A and B remain the same as 

before. 

The economic merit of each system may be represented by the 

SiQ+V) 
relative value of the ratio — — — ; for the two systems A atulB, 
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the values of this are aa 1'46 : 1, and on decreasing the spans of 
the girders the proportion of their weights to one another would 
asBame more and more nearly this value taken inversely. 
For a span of 60O feet, the ratios of G:G+P become 

=1 : 17iX ^ and 1 : l^X ;^ or 1 : 1725 and 1 : 1'183, and 

oonseqaently the ratios of O : P become=l : 0725 and 1 : 0'183; 
and if we assame P=:800 tons, 
800 



G will become= -— - =1103 tons, for the A system, 
0'725 



andG 



800 
= -^,-=4371 tons, for the B system; 



or in the proportion nearly of 1 : 4. We oonaeqnently have the 
following results: — 

87it«D ▲. Syatem B. 

jlUtio of the economio merits taken invenely = 1 ; 1*46 
[Satio of tho weights of the girders — 

when the span ia 50 feet = 1 1'5 

400 „ = 1 : 2-4 

„ 600 „ =1:4 

From the above, as from Table TV.j page 280, it will at once 
be seen that if — from adopting a more economic design, or em- 
ploying a stronger material — we can reduce the weight of a 
girder, taken in proportion to the load it can carry, even by what 
in the case of a small structure might at first sight be thought 
an insigniScnnt amount, yet when a case oocura requiriog a 
Igirder so ^eat that its own weight constitutes an important 
portion of its load, the saving of material from that slight im- 
provement may become immeuae. It is therefore an imp«rative 
duty of the engineer iatruated with the establishment of any 
very large structure of this class — who would not do injustice to 
those whose capital ia embarked in the undertaking, nor bring 
discredit on the engineering character of his country — to search 
out the most economic systems of construction, and by a careful 
investigation, founded on the principles we have already indi- 
cated, to ascertain what materials it Is best in the circumstances 
to employ. 

BoWBTRnrQ AITD OTHBR GXRDERS. 

There are various excellent forms of girders for which it ia 
desirable that the values of /r shoold be determined; of these we 
may mention the bowstring girders (see page 35), and the original 
design, Fig. 1. We may return, on some future occasion, to the 
consideration of these. There is little doubt however that the 
bowstring girder, when made of sufhcieut depth, and also the 
design, Fig. 1, have great economic merits. But when such 
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forms as these, and No. 9 of page 164, are made use of nnder 
the ordinary arrangements, a great ilea! of materia! must be 
added to the up[>er members towards their extremities to give 
the necessary lateral stability, since the introduction of hori- 
zontal or transverse bracings at these parts ia prevented by the 
position of the roadway. By modifying the arrangements how- 
ever we may obviate tnis objection. Our first proposal for this 
purpose is, that for a double line of railway the oriuge should be 
composed of four single girders, the two central ones beiug placed 
a considerable distance apart, as in Fig. 2, this gives spaoe for 
the application of continuous horizontal and transverse bracings; 
at the same time the amount of material £, to be added to resist 
the longitudinal stresses induced by the wind, is diminished on 
account of the increased width given to the structure; and fur- 
ther, the length of bearing of the transverse girders becomes 
reduced to a minimum. 

Another arrangement, which we propose as possessing some 
advantages, is shown in section, Fig. 3. 

Girder Bbidoes comtarbd with other Systems, ?or 
Great Spass. 
We have treated of that branch only of the general subject of 
great 4]Dan« which cornea under the heading of ytrc/^r construction, 
or wherein the pressures upon the supports are vertical. We do 
not at present purpose entering upon the other branches, which 
include suspension bridges and untied arched structures; but 
much of what we have said regarding girder bridges, and the 



principles of calculation we have exhibited, are equally or with 
slight modifications applicable to these other systems of construe* 
tion; thus, for instance, formuke 1, 2, and 3, pages 233, are of 
universal application. 

We believe that the economic advantages to be derived from 
the employment of the so-called rigid suspension bridges and 
untied arches, as compared with properly constructed girder 
bridges, have been very much over-estimated: this must chiefly 
result from very faulty examples of girders having been chosen 
in drawing the comparisons. 

When girders such as we have pointed out are adopted, and 
superior materials made use of, a very low value may be assigned 
to ky^. We shall, for the sake of example, suppose this value to 
be=(>007, although wo have no doubt that one still lower could 
readily be reached by the adoption of the arrangements in Figs. 1, 
2, or 3, or with bowstring or other girders. The values of the 
Vm. 2. Fio. 8. 





timatrene ledioD. 

End riew. 
parts composing F may also be considerably reduced below what 
are shown in Table II., page 280, on account of increased width 
of structure, shorter bearings for the transverse girders, and the 
use of steel for the ties; and for extreme spans the movable load- 
ing may be taken at less than one ton per foot run. Under these 
assumptions a span of 800 feet, and that in a non-coutinuoua 
structure, would be of easy accomplishment; thus, let tu take — 
For a GirdfT tpanning 800 ftxt. 

E = 120 tons 

H and T bracings =80 

Flatfoim, &c. = 200 



F 

W, 

F-l-W, 

And by formula (3) we have 



= 400 
= 600 

= 1000 tons 



G=':?^^ = lS00O=1273tons 
1— AS '44 



= 1393 tons 



= 1673 



G^kE, or girders complete 
G+F, or half of complete bridge for "> 
a double line of railway j " 

It should be borne in mind that this result, although so very 
satisfactory on the score of lightness, is obtained with the factor 
of safety taken so high as 3'5; for such spans a lower rate of 
strength would be sufficient according to some authorities. We 
venture then to think that the girder system, when its combined 
advantages of rigidity and £9.cility of erection are taken into 
account, will contrast favourably in a general point of view witli 
any other system of construction^ even for such spans as 700 or 
800 feet. Its rigidity gives it a favourable distinction fivm the 
suspension system; while its facility of erection will in moat 
situations prove an advantage over the arch. 

The snapension bridge if uioroughly braced, and when the cost 
of the land chains and that of the heightened towers are included, 
will not pi-obably be much, if any, cheaper than the beat girder 
one, especially if, as would probably be the case, a higher factor 
of safety were insisted upon for the former than for the latter. 
In some situations indeed, as when an unnavigable torrent of 
great width has to be croosed, the suspension principle is the oul^ 
^asible one. 

The untied arch must ever have a great excess of sectional 
area, or a large addition of material to stiffen and brace it, which 
will greatly reduce its economic merit; a centering being required 
for its erection, will also in many situations prove almost a 
barrier to its use. 
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If it be deBired, instead of employing a g^a^*^ factor of safety 
^3'6 as La the above calculation, to have a higher factor (say 
=4'S) for the movable portion of the loading, and the ordinary 
value =3 for the fixed loading; all we have to do is to substitute 

4"6 
for W« the value of .— W« and make nse of 3 aa the general 
* 3"0 

/actor, and instead of kg.^='00Q7 to employ tj='0006: thus, 

•0008X800 



4-A -4^ 

l-lX)06x800 ^3-0 * -52 



1200 tons 
1320 „ 
1600 „ 



G+E, or girders complete = 

G-|-F, or half of complete bridge fori _ 
a double line of nulway J ~ 

The results being somewhat less than when the general factor 
3*5 ia uAed (see page 233 ante.) 

Afproxihate CoMPA.niaoN of the Weights of Plate and 

OpsarwoRK Girders fob various Profortionb of Deitfi 

TO Sfait. 

Whether the web of a girder be mode of platework or open- 
work, the sum of the weights of the top and bottom may be set 
down a« the stune.* 

Now we found that when Sh-D=8, the weight of the brAcing 
of an openwork girder was equal to half the weight of the 
booms; and that its weight was nearly constant, although the 
deplh of the girder underwent couaidarable changes. Other 
things equal, we may take the weight of the booms in both 
systems as inversely proportional to the depth, or as S-r-D. 

In the plate system, we believe, we do not overstate the cnso 
when we assume that the weight of the sides will vary nearly in 
proportion with the depth of the girder; this takes for granted 
that any saving that cao be secured troiu thinning the plates of 
the aides when the depth is increased will be fully iibsorbed in 
necessary additions to tlie sections of the L and T irons to give 
the reqtiisile lateral stability and stiffness. 

In the Conway tube the weight of the aides is equal to half 
that of the booms, and wo have shown that S-f-D is fully equal 
to 18, but aa we do not wish to be chargeable even with not 
favouring the plate form, we will call this^lfi. From these 
data, ana taking the value of S-i-D to represent the weight of 
the booms, we at once obtain the i-esulta in the following table:—' 





Total and portikl WeigbU of the Oirden, wii«a Ui« 
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Openwork Qirder. 


FUleVork Olrder. 




Booma. Web, 


Tet&I. 


BootD*. 


Web. 


Total. 
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32 + 4 


= 36 
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28 4 


32 


28 
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82-67 


24 


24 4 


28 


24 


5-33 


29-88 


20 


20 4 


24 


20 


«-4 


2tl-4 


10 


16 4 


20 
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8 


24-0 


12 


12 4 


16 
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10-67 


'^•2-67 


8 


8 4 


12 


8 


16 


24 


4 


4 4 


8 


4 


32 


36 



This table, although professedly only a rough approximation, 
offers many interestmg points of comparison, several of which 
give ua confidence in its contents not being very far from accurate. 

We may take the weights given in larger type as practically 
con'ect. Those for the webs of the shallower girders of the ojwn- 
work character are probably overstated, so that it ia for the last 
example only tliat any economic exaggeration can exist. In the 
plate eirders there may be room for more donbt, but the fact of 
the minimum weight for the-ie pointing to the proportion of 1:1:2 
as the most economical for that of the depth to the span is im- 
portant, since if we are wrong in our views regarding the increase 



* This IgiwrM the momenU of the longitiidtiutl itraiae* of tlie plate* of tlie web; 
a^ut theae mar >>* placed Uie fact thattae limer boom of aa openwork glider mar be 
made atroo^r for ita weljtik than the eonwMiidiDf boom of a plate glnler. Where 
bowoTer tho depth la gre^ in proportion td toe apan. these Daoaenta niajr beoono of 
each ImporUuice aa to nqnlre acooout being kept of them; the effect being to reduce 
aomewhat the weight of metal la the boama of laoh girdan. The late fir. Robert 
aMfkHMOB eeema to admit that In onUnatr eaaaa at leaat, thaae momaata Aoold not 
ho pei Mi >e d n|MB, aa we And aA pige ift, article "Iron Bridges, ** in the 8th edition of 
the *Bie7«kipaidIa Brltanoica,' tbeae woriU: "The central mtin on the topand bottom 
flaagea, wbleh depends eolelT on the depth of the girder, and ia perfectly ludepcndent ol 
tto ^tjatem which ooonects them. ... . 



in the weight of the web— and it should really not increase in 
weight so rapidly aa the depth — thou the girder of minimom 
weight would result from a still higher proportioned depth than 
one-twelftb , which would stultify the practice of the aiidvocates 
of this mode of construction. One-twelfth of the span is the 
greatest depth for large plate girders that would probably be 
attempted. There may however arise subordinate queationa 
here. — viz., that the economic laws governing the ratios of span 
to depth (for plate girders especially) may not be constant for 
different spans, and that far a short girder a higher value of the 
depth may be resorted to. Various reasons could be adduced in 
support of this, besides that of every-day practice. 

We may further notice that in the above table the girders 
become equally economic when the depth is made equal to the 
span divided by 32, or about half the proportional depth of the 
Conway. B'or depths less than this the ecoaomic merit would 
be on the side of the plate ayatem; this value, 32, is that of the 
jr contained in the article at page 236 of vol. xviii. of this Journal^ 

Edinburgh. E, H. B. 



THE GUILDHALL, LEICESTER.* 

Bt GrORDON HlLIiB. 

This building, called also the Town Uall, has been used for 
nearly 300 years for the administration of the municipal affitirs 
of the town. This, however, was not the original purpose of the 
guildhall. The Corpus Christi Guild owned a hall, which stood 
on this spot, and held in it their own meetings, independently of, 
and (as it is stated by Nichols) exercising sometimes superior 
authority to, the mayor and burgesses. The original Mayor's 
Hall stood in what is now named Blue Boar-lane and Holv Bodcsl 
Although no trace of the building is to be seen at this day; yet, 
in the two important points of its beginning and its end, its 
history is known with remarkable precision. The site was pur- 
chased by the mayor and burgesses in the 13th ceutury, and the 
charter of conveyance is said to be still extant, though I have not 
seen Jt. A deed of the tenth year of Henry VI. speaks of the 
Common Hall standing on the Holy Bones, and again another 
deed of second year o? Edward IV. speaks of the Town Hall 
standing on the Holy Bones, in the parish of St. Nicholas. 

It is to be presumed that in course of time the hall became 
dilapidated, and iu the early part of the 16tb century it was 
graiiually disused. It remained in the hands of the mayor aad 
burgesses for some period after it« disuse, till in 1653 it was sold 
for £30 to John Kestian, maltster, At the time of the sale it is 
described as the old '^ Town Hall," or " Old Shop," containiBg 
three bays of buildings, in length twenty yards and one foot, in 
breadth at the east end nine yards, on the west seven, situate in 
a street calletl " Blew Bore line." 

The guild of Corpus Christi was founded in 1350. It was an 
asRociation for the regulation of commercial affairs, similar ia 
character to others mentioned in the history of every town or 
city in the kingdom onjoying a commercial reputation in that 
age. Other guuds were founded in Leicester. The guilds of St. 
John, St George,, and St. Margaret, and the guild Mercatoriam, 
are constantly mentioned in the hall hooka. In the great work 
of Nichols, the historian of Leicester, the site of the Guildhall of 
St. George is erroneously stated to have been where the Town- 
hall stands, but that he wrote this under a mistake will be 
evident from what follows: — An entry in the Hall Book of the 
lOth year of Hetiry VII. shews that a common hall Vros Uun 
holden in the hall of Corpus Christi Guild. In the Slat year of 
Henry VUI. we have the account of the meeting of the town body 
in Corpus Christi Hall. Other instances occur showing it to 
have become a matter of ordinary practice to use Corpus Christi 
Halt, and when, in the fifth year of Queen Elizabeth, the majot 
and burgesses came into pcesession of the present hall, the deed 
describee it aa lately in the occupation of Corpus Christi Guild. 

Corpus Christi Guild, according to Nichols, contributed largely 
to the public chaises, aa in the purchase of charters; and the 
masters of the guild bod great interest in the government of the 
town, having power with the mayor to levy penalties on the bur- 
gesses for their misdemeanours; and upon the mayor's neglect 
they were empowered to levy them upon him. It is evident that 
the chief persons of the guild would be the most influential men 
of the town and ita corporation, and that the two bodies most 

* F»per read before the Britlah Aiehwdogioat AaaodatioD, ai fglcatt*. 
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have been very iutimately associated. To this commutxitj of 
uiteresta may probably be traced the neglect aud final abandon- 
ment of the old Town-hall in Blue Boar-lane. The masters and 
brethren of the guild, being nearly identical with the mayor and 
bniy MM of the town, found it convenient to traiioaot municipal 
as well as commercial business in the same hall. 

The guild of Corpus Cbristi dates from 1350. No part of the 
boildinga belong:ing to the present gnitdhall possesses any archi- 
tectural features eutitiiug it to a higher antiquity than the reign 
of Henry VIL; so that of the nature of the buildings which ac- 
commodated the commercial body for more than 200 years no 
account can be given; but the first known meeting of the muni* 
cipol body in the hall of Corpus t^hristi guild, above referred to, 
occurs at a date which makes it just possible that the hall there 
spoken of may be the one in which we are now assembled. The 
features which may be referred to this penod are the two timber 
framed arches in the west part of the hall, and the windows in the 
grand jury room. 

The two eastern spans or arches of the hall differ in form from 
the two to which attention has been already directed. They are 
different in construction and form, aud of ruder workmanship; 
and the moulding, which is not alike on the two, Is in both cases 
simpler thau in the first instances. I do not, however, see any 
reason to suppose that they are older. The ruder character aud 
evident divisions of the work show no more than an intention to 
divide the halt into two parts, one of inferior character to the 
other. The windows of the grand jury room in the west wing 
appear from their mouldings to be of the same date as the fra- 
ming of the hall. Very little of the framing in this west wing 
can now be seen, but some of the ceiling beams are of a character 
which would also agree with that date; so that there is reason to 
attribute the whole framing of that wing to the reign of Henry 
VIL The case is not so clear with reg^ to the east wing. It 
has been much altered by later works, and cased on the surface. 
Where the framing is not completely out of sight, it is evidently 
much older than the casing; and in one of the tie-beams of the roof 
the timber bad so much decayed, when the casing was applied, 
that inside of it a substantial addition to its strength was thought 
necessary, two strong timbers being futened on to the sides of the 
old beam. The date of these casing)} is very clearly of the seven- 
teenth century; and so it may certainly be believed that the 
internal work is much earlier: how much earlier, may be judged 
from the resemblance which the external form of the wing bears 
to that of the west wing; and this reasoning, I think, vrith much 
certainty, leads to the belief that the two wings, as regards their 
maio framings, are coeval, and therefore coeval with the hall. 
The arrangement of the hall and its adjuncts has therefore 
undergone but little change. This conclusion is somewhat opposed 
to the received history of the buildings; but it will not be difficult 
when we come to the few furtlier historical references to reconcile 
them with this view of the case. 

Over the seat of the president at the west end of the hall^ in a 
tittle niche, occurs the date 1586, between the initials E. K. 
(Eliz. Begina.) The form of the niche exhibits the character of 
the Italian element, which then overflowed the Tudor Perpen- 
dicular work. The niche lias however been subject to subsequent 
alteration aud mutilation, and seems to have been taken down 
and refixed. Some carving (the little leadets in the spandrels of 
tiie arches) seem to be in imitation of earlier work. I should say 
there is a beautiful example of carved work of the time of Henry 
VII., on wliicli this seems to have been imitated, in a small room 
at the end of the library. At the date given on this niche extensive 
reuo* ations seem to have been efiected, of which there remain 
thd windows of the two western bays of the hall, and the whole 
of the library windows in the east wiug. About tliis period, 
according to local tradition, the hall was the scene of the per- 
formances of Sbakespere in his earliest plays. The hooks upon 
which the scenes were snapeuded are pointed out in one of the 
beams. In that age of pageant and feaifting it cannot be doubted 
Chat many a civic feast did honour to the hospitality of the cor- 
poration, and this custom continued to very i-eceut times. The 
modem residence of the police-superintendent occupies the site 
oo which stood, a vety few years ago, the kitchen aud ita culinary 

OffiOM. 

After 1 586 the next date to be mentioned is 1632. The librarr, 
whieh had first been kept in the tower of St Martin's church, 
and then in the chancel, was this year transferred to the room it 
now ooonpies, in the east wing of the guildhall. It is stated that 
the wing was then erected to receive it. In a document drawn 



up in 1644, a very precise account is given. This document 
states that "the library was erected ana builded at the onely 
cost and charges of the Corporation of Leicester, at the motion 
and by the approbation of the Rev. Father in God John Lord 
Bishop of Lincoln, and by the prosecution of Mr. John Angell, 
publique lecturer for the said borough of Leicester. The building 
whereof was begun in the time of the maioralty of Mr. John 
Norrice, Anno Domini 1632, Thomas Somerfield and Richard 
Ludlow being chamberlins; aud finished in the same time of the 
maiorality ol Mr. Nicholas Gilliot, Anno 1633, Thomas Bursoal 
and Alexander Baker being chamberlins." We have some reason 
to believe that the building is much older, aud the preparation 
made for the library consisted of the wainscoting and casing of 
the walls and timbers, and in the removal of the upper floor of 
the building, which rested on the tie-beams. The wiudows of the 
upper floor were, however, retained; aud thus it is that this room 
is furnished with two rows of windows. On the transfer of this 
library to its present abode, a very interesting letter was written 
to the Mayor of Leicester by John Williams, Bishop of Lincoln. 
The letter is given in Mr. Thompson's History of Leicester, and 
its interest arises not only from its reference to the formation of 
the town library, but from the remarkable character of the 
writer. From a humble origin he rose to be Bishop of Linooln, 
Lord Keeper of the Great Seal, and Arclibishop of York, being 
the last ecclesiastic who held the Great Seal of England. He 
shared in the misfortunes of the adherents of Charles I., and died 
in the period of the direful disasters of the cause. 

In 1636, according to Nichols, Eichard Inge being mayor, the 
parlour belonging to the guildhall, with the chamber gallery, 
evidence house, and other rooms adjoining thereto, were newly 
erected at the charge of the common chamoer. This statement, 
again, is not literally true. An extensive work was executed here 
in the way of wainscoting, a very fine chimney-piece wap erected, 
the gallery re-fitted, and, perhaps, the windows renovated, for 
they arc different from any others we have encountered, and 
evidently more modern. 

Until the recent abolition of the kitchen and its offices there is 
no substantial change to record in the form or appearance of the 
buvldings. Of ancient ornament but very little remains. I have 
referreu to the carving now affixed to a cliimney-piece in the 
aiuirtment at the end of the librair. The coats of arms on the 
hall ceiling are recent restorations ot old paintings. They are the 
arms of the town of Leicester, aud of its patron tbe Earl of Hunt- 
ington who flourished in the days of Elizabeth. Some stained 
gloss, now in the windows of the Mayor's Parlour, was, when 
Nichols wrote, in the windows of a house which was the chantry 
house of Corpus Chriati guild. In the transfer to the present 
place they have suffered some dilapidation. 



Mr. Jakbs Thohfson said he thought Mr. Hills had made a 
little mistake in his reference to Nichols about the glass in the 
window. He was confounding two distinct things. The glass 
that remained was in thirteen lights, just one more than the 
twelve months of the year. Of course they originally began with 
January, and went on in aucceesion to December. Fragments of 
three months wei-e readily made out For December a man was 
represented warming his hands at a fire. Another of the months 
was represented by a figure thrashing wheat; and another by a 
man digging the ground. The glass, though possibly taken from 
the chantiT house, was at some period complete, representing 
the agricuftuml operations of the twelve months of the year; 
whereas the other subjects represented the ordinances of the 
ancient church. This portion was iu the possession of the Bev. 
E. Stephens, at the Vicarage, Belgrave, near Leicester. 

Mr. Hills said he had not seen the other specimens of glass, 
and when described to him they appeared as all one with that at 
the Town-hall. This he must have misunderstood. 

Mr. NoRTn said that the local histories told them that the 
Corpus Christi guild was held at the east end of St. Martin's 
Church, where the public-house now stood. 

Mr. Hills said this was manifestly a mistake. It was said that 
the mayor and corporation met in the hall of Corpus Christi; and 
again, on the final sale of the property, in the reign of Qneen 
Elizabeth, 1663, the deed called it "all that cott^e'— a peculiar 
name — " situate and being near the cemetery of St Martin's, in 
the town of Leicester, iu the county aforesaid, now or lately in 
the occupation of the mayor and burgesses of Leicester, and 
formerly the guild of Corpus Christi." 
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PAPERS ON HYDRAULIC ENGINEERINO* 
By Samuel McElrot, C.K 

The general theory of embaukment reaervoir construction pre- 
sented iuvolves & certnin chain of details, each connected with 
and to a certain extent dependent on the other. The basia of 
the scructare on which the superincambent weight in placed must 
be firm, the banks must be ouilt so aa to guard against settle- 
neuta and slides, the puddlings must be compact and solid, or 
the slope walls and top angles will lose their lines of symmetry, 
and to some extent their uaefulnese. 

This brings us to a theory which does not seem to be as fully 
Admitted and promulgated as is desirable — viz., that correct engi- 
oeering science ought to be able so to erect and join together 
these several links of the chain, that the proper result may be 
obtained as a rule, bringing failures within the clasa of exceptions. 
In other words, that as to this special department of construction, 
aa in others contingent on the same law of design and execution, 
engineering ought to take rank as a profession endowed with 
control of exact results, and not as a calling which naturally dis- 
daima infallibility. Without denying then the argument^ that 
each distinct construction is subject to local peculiarities of 
Toaterial, we assert the doctrine, that the workoianship should 
overrule and insure their proper combination. To build any 
engineering structure with on implied reservation for defects in 
its progress or use, is a custom to bo distinctly condemned. 
While we do not therefore propose here to give any rules for uni- 
versal application, some allusion to methods which have secured 
satisfactory results will illustrate in a brief way some of the links 
in this chain of couatructiou, as applied to embankment reservoirs 
with artificial slopes, and without regard to mathematical ques- 
tions of stability m form. 

Earthwork. — It rarely happens that a reaervoir is so located 
as to require an embanked base for the whole structure; 
there is a case at Cleveland, and it certainly requires great care 
in formation, although a uniform settlement aner the water is 
introduced may obviate any Injurious effects realised when 
such settlement is not uniform. Here the general rules for 
the embaukment walls also apply, which may be thus stated ; — 

All vegetable soil should be carefully removed from the pro- 
posed base of the embankment, nor should the foot of a slope be 
carried over spongy and compressible material. Where work is 
partly in embankment and partly in excavation, it is best to 
build the heaviest books first, so as to give them time for their 
additional settlement. 

The section of the bank should be carried up entire, and not 
bisected by walls or pyramids of other material. 

For the outer slope inclination, the sharpness in rate may be 
varied with clay, gravel, and sand in their order, flat slopes being 
relatively objectionable. 

For the outer slope there are some advantages in the use of 
sodding, but seeding propwrly done will answer the purposes of 
pmtection from wash, &c 

The top should have a drip from the inner angle towards 
the outer, and the former should be protected by coping; for the 
other, the sod line should be returned on the top from the slope. 

No banks should be built with a heavj- dump, out in thin level 
layei-8, somewhat modified in thickness to suit the material, — for 
gravelly earth about nine inches, less for clay, more for sand. 
Unless the " lead" is so great as to require the use of teams, carta 
are better for consolidating the layers. Water is objectionable 
for clay, of no use for gravel, though beneficial for sand. Boilers 
are also objectionablo for both the former. In a case of a gravel 
embaukment partly constructed with the use of water and rollers, 
I have ibund distinct water seams formed between each layer, 
which would operate badly under a re8er\'oir head. In a case at 
Kidgewood Reservoir, where it was necessary in the winter to cut 
tlirough part of an artificial bank, and to use gunpowder in 
blasting on account of its solidity, the smoke woa observed to 
follow these setuns for several feet on each aide of the cut. 

In side and end fiUinc on slopes, benches should be cut All 
slopes should be crowded or over-filled, so as to trim down to form, 
when the face is to bo finished for protection from the weather, 
and thus obviate the effects of wash. 

No slope lining should be built on the inner slopes until experi- 
ment has shown that their settlement is complete, a result which 
can be determined with proper care. 

* CuuUunetk tna jagt 3*6, 



The loner slopes must be protected from contact with 
reservoir contents, by water-tight facing. 

Walls ot masonry, as far as possible, should not be conne 
with the banks until the latter have come to their bearing; andl 
water pipes leading from them should be protected, by arches or 1 
otherwise, from the effects of settlement by their back-fill. 

These are some of the prominent processes in constructioa 
which insure stability. Questions of stability are so fully guarded 
by the ordinary conditions of section, which are controlled bv con- 
venience of top bank width and slope angle, as to need no discus- 
sion. The principal defects are settlements after final constrno- 
tion of slope walla, slides, and leakage, and these may be obviated 
on smaller sections than conveuieuce and effect suggest For tha 
enormous thrust of the water prism, the counteracting weight of 
the section is modified by its form and its material; sand, graveL , 
and clay having relative weights per cubic foot of 95, 1*24, anal 
16;) pounds, as compared with water at its maximum weight of 1 
62382* pounds, and being therefore largely in excess. 

Puddiing. — A mixture of clay and gravelly earth is better thaa ■ 
pure ciny. What is known as " hard-pan" is a speciiuen of natural 
puddling. At Ridgewood, in making 82,150 yards, 44,(XX> of day 
and 51,500 of gravel were used, the shrinkage being about 14 per 
cent. The materi.\ls were carted or wheeled on in thin alternate 
layers, to an aggregate depth which would work down to about 
8 inches for each general layer, gangs of men being employed in 
spading and mixing them. As little water was used as possible, . 
to prevent the effect of subsequent shrinkage by eTaporatioo. 
Some engineers make their puddling entirely dry, preferring 
material which will work close, and their theory is undoubtedly 1 
correct, as to the prevention of settlement and fissures. But 
gravel is always an improvement in mixture, and in certain forms 
of puddle walls they may be more advantageously worked with a 
limited use of water. The object is to obtain a compact imper- 
vious, homogeneous mass, not only to prevent filtration, but to 
distribute weight uniformly over the sustaining slope or bottom 
earthwork. 

It is a difficult matter to make puddling tight at the joints, 
when connected with other materials, and trequent breaks in the 
joint surface are therefore advisable; nor is it easy to make a 
water joint on wood, in connecting with sheet piling or flooring. 
On division banks, at gate-houses, the masonry backing should 
be built witli buttresses, and the faces left rough to take the 
puddb walls, and prevent continuous threads of water under 
pressure. 

Slope paddling is to be preferred to vertical inner bank walls, 
on the ground ot economy in material, ease of access, prevention 
of bank saturation and its results, facility of construction, preserva- 
tion of bank-section, and diatribuliou of pressure; and in all cases it 
should be connected with the bottom puddling, the latter (or its 
equivalent) being assumed indispensable. It will be found in lay- 
ing it, that some compression of the bank face occurs, though not 
large, which should be accomplished before the cement masonry 
is built 

Concrete. — ^This, as lining, may be made to serve two imf>ortaDt 
purposes: one, in being carried up with the slope puddling, aa a 
protection to its face from wash while coming to its bearings; and 
another, as an additional means of tightness, and a break line of 
surface to the courses of face masonry, whether of brick or stone. 
It may be made in a thin layer, and should be carefully prepared 
with fresh hydraulic cement mortar. 

In the use of concrete for the various purposes to which it h 
admirably adapted, it is sometimes forgotten that it is only, after 
all, an improvement on ordinary masonry in convenii^nce of 
application; and, as to its proportion of cement mortar, ought to 
be governed by the same rule, — viz., that weight is to be resisted 
by the pressure of face upon face, and the chief object of mortar 
is to fill up crevices and irregularities, and distribute uniformly 
the load over the surfaces in contact Consequently, in concrete, 
no more mortar should be used than will properly fill up the 
interspaces of gravel and stone. This applies more particularly 
to foundations, as in thin slope lining a cement &oe is not aa 
objectionable. A certain proportion of screened gravel with 
the basis of broken stone, is an improvement in filling up mote 
completely the openings, In an extensive use of concrete at 
the Brooklyn Navy Yard, five parts of broken stone with twa 
of gravel made, when properly added to the mortar, a very solid 
mass. 

* liut«wl of 62*6 as ooouDonly Mra&ed. 
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Briekwork. — ^The first care in brick masonry is that of proper 
■election. Very little attention is paid to the process of innuu- 
facture at the yarda, which is open to objection as to the material 
and the burning. If the clay is charged with an efflorescent salt, 
which will appear after the manonry is laid, and frequently spalls 
off partii of the face, the work ia injured; and from the rudeuesa 
with which the kilns are built and burned, part of the bricks are 
vitrified and 8poiIe<l, part well burned, and the rest, half or less 
than half baked. Until these defects are more carefuUv guarded, 
as they can and should be, great precaution is needed in inspec- 
tion. The second care is that of mason work. Here it is requisite 
to have the bricks properly moistened, to prevent the effects of too 
rapid absorption on the mortar, which should be carefully mixed, 
and laid with close joints. Brick-work is injured for hydraulic 
parposea by want of attention to this point, and the joints fail 
after abort exposure, with a bad effect on appearance, tightness, 
and durability. With proper attention, however, in selection and 
construction, a comparatively light brick wall can be made much 
more tight, with much more symmetrical and ornamental ap- 
pearance, than rubble work. 

In face work of structures there is considerable range of cost 
and ornatnont in the use of pressed bricks aud close putty joints. 
lu work which re(|uires the use of arches to auatain weight, or for 
appearance sake, the use of moulded arch bricks — or for plainer 
work, of alternate "headers" and "stretchers" — ought to be main- 
tained, since a " rowlock" arch has neither i>eauty nor atreugth; 
and in all cases where the stability of the arch is imjtortant, the 
centres should be struck as soon as the keys are driven home^ to 
bring each member to its bearing, and expose any weak points 
before the backing is carried up to any height. 

Stone Masonry. — For ordinary rubble work, in which " bank" 
stone or quarry stone are used, the least thickness which can 
be conveniently worked is about sixteen inches on slope lining. 
In point of quality, as a general rule, the former, having 
come down to us through the action of floods and time 
exposure, as water-worn boulders, are to be prefered; although 
defective Ixjuhlera as well as defective quarry stone are not 
uncommon. This is a matter of inspection, selection, aud relative 
cost iu special localities, certain classes of quarried stone being of 
course unexeeptiouable. 

The objection to tho use of rubble masonry lies partly as to its 
rough appearance, and partly as to the difficulty of teaching 
masons to make close and solid work, the craft being, aa a rule, 
■trongly disposed to work with wet and soft mortar, and to 
neglect the proper use of spalls, whence follow, in too many 
instanoea, the usual building and wall settlements and fissures; 
for if the walU were themselves solidly jointed, the foundations, 
with ordinary care, would be more evenly preased. This assumes, 
of course, the use of due precaution in foundations for a broad 
and uniform bearing, fully g^i;irJed against the oontin^^ency of 
water threads, by puddling or concrete with sheet piling, as the 
special case may require. 

Tlie use of dry stone walls, in rubble work, for reservoir slopes 
ia unequivocally condemned, the mass of testimony against them 
being conclusive, with the ordinary thicknesses in practice. Nor 
is their economy in liret cost a matter of very positive demonstra- 
tion. Their beds are continually exposed to undermining by rain 
wash while building, and to wave wash while in use, and the 
walls to injiirioas effects from frost and otherwise. 

For other kinds of stone masonry which pertain rather to super- 
structure, we need only refer to well known principles and 
methods in use, without special designation. The same principle 
of jointing and construction controls them. 

Nor is this brief memorandum intended to cover all the points 
to be considered in these parts of reservoir workmanship, but 
rather as allusions to certain details in method, which are some- 
times overlooked, and which tend to products and insure desirable 
results without much additional cost. A few words also in 
reference to general plan of structure will conclude this branch 
of our subject. 

Divition IValU. — For purposes of deansiDg, repair, subsidence, 
aeration, circulation, and their attendant benefits, and for reduc- 
tion of areas exposed to surface waves, it is always desirable to 
build reservoirs with one or more division walls. No reservoir 
can be oonsiderei^l complete with less than oue, and with water 
which requires much care, tho number may be increased with 
great advantage. The several divisions of the Fairmount Reser- 
voirs, at Phihidelphia, may be instanced as an evidence of the 
manner in which impure water oxay be much improved; and a 



recent report on the Delaware Beeervoir at tho same city shows 
that the deposit is about one inch per month, as a comment on 
subsidence and surface supply. It is customary in some instances 
to build these division walls below the ordinary flow line; but 
while this may accomplish a certain use of surface supply, it is 
open to the objection of exposed area, which becomes aerioua in 
the case of large sheets of water. The heads of these pubmerged 
walls are also subject to the action of breakers, in a different man- 
ner from that due to slope wash. 

Connecting Weirs are therefore preferable, arranged with a gate 
pier, and with gates which open downwards from the surface in 
alternate positions, for a given depth. Pipes may be built across 
the foot of the division wall for bottom drainage at any time. 
With weirs of this kind, which are readily built, and which can be 
managed at will, a very complete aud desirable control may be 
bad over the contents of the separate divisions, and a positive 
supply of the purest water secured. 

Gate Hounes may be also arranand so aa to secure the general 
principles of action discussed. For gravitation supplies, the 
influent chamber may be arranged for the top bank, with suitable 
descending channels; hut for pumping supplies, it should permit 
an accommodation, by a proper gate pier, of the engine load either 
to the flow-line head or that of the actual reservoir level. By 
this means, if the engine be properly designed and managed, iu 
many cases a very important saving may be made in annual cost 
of pumping. 

For effluent chambers, it may be a'ssumed as a rule that the gate 
piers should be so arranged as to take only a surface supply at 
all times for domestic and public use, and to waste occasionally 
the bottom strata by sniUble blow-offs. Too much importance 
cannot be attached to this law. which involves the comfort 
and health of the consumers to no small extent, and the reputa- 
tion of the supply. 

Depth of Water is also important, in preventing solar action on 
its contents. It seems to be the European experience, that lese 
than ten feet is always objectionable, and it will be observed from 
our preceding papers that twice this depth ia the common 
American standard. If thid consideration obtains with distribu- 
ting reservoirs, it should be uro;ed with greater force on all 
fountain or supply reservoirs, winch are generally natural lakes, 
of great area and shallow depth, consUintly subject to impregnation 
by vegetable and other organic matter and all the results of fer- 
mentation. Especially is it objectionable that supply reservoirs 
should contain a large disproportion of contents to daily supply, 
unless prompt and efficient means of teration, circulation, and 
bottom waste are provided. 

These general and rapid suggestions are made, not as a profes- 
sional dictum, but as the results of experimental science in a 
direction which needs yet more enlarged observation and trial. 
Water works with us are yet iu their infancy in an imp)ortant 
sense, and are exceptions, throughout the country rather than a 
general rule, and several of our most prominent supplies already 
warn their consumers of the necessity of early steps for an entire 
reconstruction and enlargement. Discussions of this kind are 
therefore desirable, and the best results of experience ought to 
be embodied iu general roles of practice, .timilar in method, if not 
in detail, to those presented for consideration. 

(To he oontintted.) 



THE ANNUAL REPORT AND TRANSACTIONS OF THE 
ROYAL INSTITUTE OF BRITISH ARCHITECTS. 

Although the year of the Institute is considered to commence 
aud terminate in May, and the Report of the last com]ilete<l 
sesuon is consequently the one which was read before the Annual 
General Meeting in (lay last, almost five months ago, and extends 
only to that date, yet it is but just now that it is issued to mem- 
bers, an arrangement which deprives it of much of its value. 

We learn from this document that the number of members has 
continued steadily to increase, having risen within the Inst ten 
years from 225 to 348, an addition of more than 60 per cent, and 
as by far the larger increase has taken place in the number of 
Fellows, who must be architects of at least seven years' standing, 
these numbers show that the Institute is receiving accessions of 
established architects to aa important extent. 

The losses by death which have been experienced include the 
Prince Consort, who had been connected witn the Institute in the 
honorary character of Pfttron, Meesra. Locbner and Clayton, 
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Profesaor Eaton Hodgtinson, Mr. W. L. Donaldson, late Honorary 
Solicitor, and two foreign architects, honorary and corresponding 
tuembers, Herr Zwiruer aud Monsieur Bruuet de Baines. 

The most important paragraphs of the Report, referring to 
matters probably of more moment than any which have, since 
the first establishment of the Institute, been decided upon, are 
thus indicated : — " The Council may congratulate the members 
on the nearly approaching settlement of two questions which 
have occupieii their attention for a considerable time, namely, the 
Rules on Profeasional Practice and the Architectural Examination." 

The reports of committees on both these subjects, adopted 
since the date of this Report, have been embodied in our columns, 
and it is therefore unnecessary to dwell upon them here, further 
than to remark that, as tending to raise the position of the pro- 
fession generally, we consider the measures taken most important 
and most creditable to the Institute, which by directing its atten- 
tion to such subjects is fol&Iling the most valuable function 
belonging to it. 

The action very properly taken by the Institute with regard to 
the Thames Embankment is referred to; and a series of sugges- 
tions, which were addressed by it to Mr. Cowper in his official 
capacity, having for their object the securing due attention to 
architectural effect in so important a public work, is appended. 

The exertions of the Institute witn regard to the representa- 
tion of architecture at the International Exhibition, — the state 
of the library, — the portrait of Mr. Cockerell, — the memorial of 
Sir Charles Barry, — the appointment of a committee on the con- 
servation of ancient monuments, — the conversazione, — the ex- 
amination of candidates for district sun'eyorship certificates, — 
the retirement of the lata active and energetic secretaries, aud 
the anggestion that the day is shortly coming when a paid secre- 
tary ^m[ be necessary, are all referred to; aud the mere enume- 
ration of these varied subjects shows how much has occupied the 
attention of the council during the past session. The only point 
we regret is the smallaess of the amount which it was found 
possible to devote to the increase of the library, and the very 
moderate number of books presented as donations: a sum of 
.£100 ia however voted for books, to be purchased during the pre- 
sent session. 

The only other subject demanding notice is that of prizes, a 
most attractive array of which was offered, including the Insti- 
tute medals for essays and drawings, — the Soane medallion, — 
Mr. Cockerell's prize, — Mr. Tite's pnze, — and the students' prize 
of books. The result appears however to have been rather dis- 
appointing, as in two cases tlie prize was not adjudged owing to 
the want of merit in the drawings and essay; while, in a third 
instance, a similar fate was narrowly escaped. Mr. Cockerell's 
prize seems however to have provoked a brisk competition: this 
pri2e does not seem to be agam offered; but one of ten guineas for 
the best design for a civic or domestic building in a Mediteval 
style, given by Sir F, Scott, seems likely to attract many students; 
and so we hope will a prize for an essay on moulded brioka or 
terra-cotta, which is announced. 

The volume of papers read accompanies the Report, and includes 
several papers of vulue which have already appeared in this 
Journal. It is not quite so elegant in appearanoe as the previous 
volume, being less fully illustrated by engravings, but with this 
exception it seems to keep ap the character of the Transactions 
for excellence and interest 



IRON PIERS FOR RAILWAY BRIDGES IN ALLUVIAL 
DISTRICra 
fConlintud from jtafft 270. J 
As it is considered that uniformity of parts, as far as practicable, 
ia of as great init>ortance in bridge work as in other mechanical 
structures, a uniform span of 60 feet is adopted for all the iron 
bridges on the Bombay and Barmia line, this being considered the 
most economical in reference to the general heights of the piers. 
One end of each girder is fixed on the pier, while the other end is 
left free to move, and carried on a pair of small rollers C, Fig. 9, 
10 allow of expansion and contraction. The weight of the 
entire 60 feet superstructure for a single line of rails is 24 ton, 
being 8 cwt. per foot run, aud the ooat is about ^-400. In the 
coQStmction of piers adopted for inland rivers with deep water, 
8*y 20 to 50 feet deep, but not tidal, where the current ia always 
in one direction only, here tlie oblique piles acting as struts are 
required only on the lower side of the bridge, aud the timber 




fendera only on the upper side. In the case of piers for inland 
rivers with shallow water of not more than 20 feet depth, the 
oblique piles can be dispensed with altogether. Where there is 
a rock foundation, the screws are omitted, and the piles are 
simply let into the rock about 2 feet and tilled round with cement, 
allowing of great rapiditv of erection in tliis case. The position 
of the roadway may be either between the main girders, or upon 
the top of them, both of which methods are shown in the s ingle 
diagram. Fig. 1. The upper position is preferable for the ^ 
way, because it combines the effect of lK>th the maiu gi 
resisting forces that tend to produce buckling of the comp 
Vioams. The upper or lower position of the roadway however 
decided by the amount of headway under the bridge, 
clearance between the bridge superstructure and the highest 
known flood level of the river, which should not be less than 
5 feet. In every case the power of the compression beams to 
resist buckling is made ample, aud a horizontal diagonal bracing 
of T iron is provided between the cross g;irders carrying the rood' 
way, as shown in the plan, Fig. 7, continued from pier to pierj 
and where the roadway is on the top of the main girders, obliq 
stavB are added, as shown in Fig. 1, to secure the requisi 
stability and freedom from vibration in the roadway and gutle: 
The use of animal power was adopted in screwing do 
the piles at the great Nerbudda bridge, where a large part 
of the river bed is uncovered at low water, and it is only in 
such situations that animal power has been made available direct 
by means of a long lever. The general practice has been, where 
the foundations are not always under water, to hoist the piles 
into the proper position by shear legs, and hold them in this posi- 
tion by guides whilst they are screwed into the ground by a crab 
winch acting on the end of the lever; but where the ground is 
always covered with water a staging has been erected on timber 

Siles surrounding the site of the pier. Latterly the principle of 
oating rafts has been Bucoeesfnlly adopted instead of fixed 
staging. 

Of the piers nearly half were supplied by the Horseley Iron 
Co., Tipton, and the rest by the Victoria Iron Co., Derby. ThsM 
ia always a difficulty in carrying cast-iron safely across the tea, 
from the great risk of breakage in shipment and in conveyance by 
land, as well as the chance of disasters at sea; but in the case be- 
fore us altogether only about 5 per cent, of loss from all causee in 
the cast-iron work occurred, which is a smaller proportion than 
usual in similar cases. The first part of the superstructure was 
made by Messrs. Kennard at Crumlin; bat the greater ]K>rtion by 
Messrs. Westwood, Bailey aud Campbell, London Yard, Isle of 
Dogs. For the erection of the work in India the engineers and 
foremen alone were sent out from England, and all the other 
workmen employed were natives: Colonel Kennedy states that 
the natives make good workmen in a very short time and then 
get on rapidly. As a consequence of the additional employment, 
the price of labour has been doubled by the nulway works 
throughout the district traversed by the line. 

The practice of cutting down the dimensions too fine in such 
structures is to be avoid^, and a liberal nuirgin ought to be left 
beyond the calculated strength, to allow for strains which coold 
not be taken account of with the same accuracy as simple txans- 
verse and longitudinal strains. Buckling is a frequent sooros of 
extra strain, particvilarly where there is any considerable depth 
of girder, and is therefore required to be carefully provided against 
by increasing the size of the sections and arranging the iron in 
STich a form as would enable it best to resist buckling under com- 
pression. In the girders employed, all the bars subject to com- 
pression were made of a cross shape in section, as shown by the illns- 
tratioos (Figs. 10 to 16, PI. 10); aud tJie greatest strain either of 
tension or compression on any part of the girders amounted to 
only 3| tons per sq, inch under the heaviest practical load. Tbs 
greatest longitudinal motion observed in 24 hours amounted to 
A inch in one spanof GOfeet. In the dimensions of the girders great 
allowance was made to provide against buckling aud the strains 
produced by concussions, aad there wei-e only a vwy few places 
at which tlie straiu ever came up to the maximum of 3| tons per 
square iuch, while everywhere else it was much below this 
amount, so that the strains never approached the elastic limit of 
the iron. 

The pile lengths were oast vertically, and the joints w«i« 
generally cast with sufficient accuracy to go together withoat ai^ 
fitting; but where necessary they were chipped to a level hot, and 
oare was taken to insure a uniform thickness of metal throit^ioni 
the flanges. Every piece of the ironwork was dipped wbra ' 
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in n bath nf linseed oil, and had Afterwards two ooats of good oil 
p&int. Afber erection frequent and thorough painting are 
relied upon for keeping the iron from rusting. From an examina- 
tion of several old iron structure!} it has been found that the cast- 
iniu geuernlly stood well, bat the wrf)ught-iron showa evidences 
of ODirosion aft«;r it has been up about 20 yeara, and it could 
never be relied on unless frequently painted or otherwise pro- 
tected. The prevention of ii-on from rusting is a question of 
oeneral importance, and every encouragement should be given to 
uveatigation of the subject, with a view to obtaining some really 
permanent protection. It is clear that even with its present 
liability to oxidation iron is decidedly the cheapest material for 
large bridges in general, particularly in alluvial districts: but ita 
dar&bility and renewal are depemlent mainly on its thorough 
protection from oxidation. Tlie object to be sought is not simply 
to secure the best protection out of a number of mo<les, of which 
all may Ije defective; b«t to arrive at an absoluite means of preser- 
vation, if that be possible. 

Tar has provod a very effective material for preserving the 
bottoms of iron ships from rusting, and is applied also inside 
▼essela. On the ('lyde large ships of 2000 or 3000 tons burden 
are protecteii inside with a coat of varnish made from purilied 
coal tar, which is found a very efficient protection. A clean sur- 
taoe of the iron for laving on the varuiah ia all that is recjuired, 
and it has a fine polish; the coat lasts 7 or 8 yeara when protected 
by a lining of womlwork in front The v.irnifih may be laid on 
cold, and the smell is .nil gone iu a few dayn; the cost is much less 
than rod lead paint. This plan has also been applied to the inside 
of steam boilers, wliare the uptake from the furnace passes 
through the steiuu room of the boiler, and it prevent.^ oxidation 
and 8CM.ling of the iron from the action of the steam for a long 
perio<i; it ought therefore to be suitable for such structuree aa the 
bridges deacnbed. 

The luwer lengths of the piles are filled with concrete, 
which renders them solid inside, so that each pile etands on 
a wilid foundation of 4^ feet diameter. Much accuracy was 
required in getting the piles correct in level: this was managed 
by screwing them tlown a little further if necessary; and 
aa there are four lugs at each end of the several lengths for 
attaching the di;igonal bracing, the level could be adjusted to 
one quarter of a revolution of the screw. Where the piles 
stood on a rock foundation a piece of the required length 
was cut off the bottom of tJve lowest length, leaving the flange at 
top fur bolting to the next length; or else the rock waa cut away 
deeper to get the proper level. A few cases occurred of a pile 
being brfiken in screwini; down, and it was then very difficult to 
get the screw out again; this was one of the chief difficulties that 
had been met with in erecting the bridges. At the Nerbudda 
bridge the sudden abandonment of the work, caused by an ont^ 
break of cholera and fallowed by monsoon floods, left some single 
piles UD>4upf)orte«l, which were broken; and one or two of these 
could uot be got out again, so that it became necessary to alter 
the spaus in two cases, selecting fresh sites for the piers in order 
to get clear of the broken piles. Rapidity of fixing is of special 
importance in In<Iia, for on account of floods and storms the 
working year for such operations can be reckone<l at only abont 
eight months; and the facility of erection with this cnnatructiou of 
piers and superstructure is so great, that by beginning at both 
ends at the same time they could now bridge the broadest river 
in a single season. 



THE ANCIENT CHURCH IN DOVER CASTLE. 

An almost unrivalled interest attaches to this edifice on various 
accounts, but more particuhiriy from iU antiquarian history, and 
the more or iess perfect developmenis of primitive architecture in 
this oonntry which its ruins exhibited, and which Lave been 
rendered still more abundant and curious in consequence of the 
additional di-coveries brought to light during its recent restora- 
tion and refitting in order to be again used for the purposes of a 
church. These restorations were commenced nearly two years 
and a half ago, and have been most conscientiously pursued under 
the direction of Mr. Scott, assisted by the vigilant snperinteud- 
ance of Mr. J. N. Marshall, the clerk of the works. 

The church is sittiate within the castle walls, on a lofty cliff, 
and close to the ancient pharos, or lighthoase, which has been 
often depicted in elucidating the characteristics of Romanesque 
arcbitectore, and of which a woodcut may be seen in our journal 



for July 1858. See Bloxam's 'Gothic Architecture' (Reviews). 
The date of the latter is surmised to be early in the seoond 
century ; and the use of the building was to guide the Roman 
galleys across the strait. The material eniploye<l ia a casing of 
flints and tnfa, iu blocks about 12 inches by 7 inches, strengthened 
with bonding courses in large Roman tiles, and filled up with 
stones and mortar. Originally it had on the east side an arched 
door, on the other sides Roman windows 13 feet 6 inches by 4 feet, 
which Bishop Oundulph blocked up and reduced into Norman 
loopholes. Without pursuing the history of this pharos any 
further, we may remark that the doorway just mentioned com- 
municated with the west end of the fabric which it ia our purpose 
now more minutely to describe. 

This church ia considere<l by Mr. Scott to be probably the most 
entire (as to iIa general outline at least) among all the pre- Norman 
remains which have come down to us: for though till recently .% 
ruin, it retained the general form of nave, transept, and central 
tower so completely, that one felt that its entire design could with 
little difficnlty be reproduce<l. Though the subject of its history 
has provoked much discussion, there can be no question as to its 
belouging to that variety of Komanesque architecture which we 
know prevailetl in this country prior to the Norman conquest; 
but whether the fabric is hte or early Saxon is not so certain. It 
is known that in the seventh century (616 — 10) King Idbald 
founded a college of secular canons in this place to minister to 
the garrison. The combination of military with ecclesiastical 
structtires within one inclosare occurs also at Porchcster, Exeter, 
in the Tower of London, and in the curious iuatanoe of 
St. Germain's Cathedral, and Peel Castle in the Isle of Man. 
The decay of the church and its disuse may be fairly attributed 
to the latter end of the seventeenth century, and its subsequent 
injuries to the carelessness of the fioard of Ordnance. In 1635 
the church and its monuments were in complete repair; but it 
has since been repeatedly tbre-atened with complete demolition. 
It was not till 1855 that Lord Paumure, then at the head of the 
War Department, promised that it should be cleared of coala(!) and 
kept more dec<»ntly and respeote<l for the future. These orders, 
however, if issued, were not destined then to bo carried into 
effect. 

Of authors who have more or less described the building, we 
may quote Essex, Rickman, and Btoxnm. In the MSS. of the 
former, reference is made to the materials as consisting chiefly of 
ragstone and brick, and of the arches to the middle tower, which 
have undergone several alteration.^, "particularly the addition of 
stonework," and which originally "seem about the time of 
Henry III., or the earliest in the time of King Stephen." 

The nave is externally about 62 feet long by 34 feet wide; the 
chancel abovt 27 feet long by 25 feet wide. The transepts each 
above 22 feet long by 20 feet wide, and the tower about 35 feet 
by 33 feet 6 inches. The walls of the church generally are sbtint 
32 feet high, and those of the tower remain to a height of aljout 
70 feet. We extract the following, as part of a description written 
a few years ago: — 

" The church is cruciform. On cither side the nave are the rciuolus 
of two clerestory windows of great size: between those on the louth side 
was a door, circolor headed, with dnnble arcboD of t3c: nndemeatb the 
west window, on the north side, was a more pointed door, and beneath 
an acute-angled |iedim(iit the weather^mouldin}; of a porch, the princijial 
entrance. Two round windows were in the gable of the north traa»e|>t ; 
one tca» in that of the south wing ; in the east and west walls of the 
former was a trefoiied lancet-window. In the w«st wall of the south 
tnnaept was a round-hieaded window, and in the north-west ia a late 
Tudor window of three lights. In the south wall of the nave appear 
two huge indents, which in some old prints are erroneously fashioned 
into windows, but aie evidently the effect of a design to destroy the 
entire edifioe by gun[>owder. The choir was lighted by two iaucet- 
windowB, wparated by a shaft with a nmple capital on either side : the 
east window (perhaps a triplet) was IS feet 8 inches in width, and the 
splay is 2 feet 3 inches wide : on the south si<le remain a bracket pisciua 
and sedilia, Early English. A covered porch unites the nave to the 
pharos. In the angle* of the tower are graceful Early FJngliah shafts, and 
the springeta and riba of arohes are fiU«>d i^-ith a dog-tooth mnuldintr 
On the east bee (of the tower) were two roand windows ; on the south 
two pairs, of the same form ; and on the north three, disposed in an 
inverted trianele. On every side was a round-headed window, openiiig 
below the root into the church, ood forming an internal lantern, aboT« 
which were two storiea, the uppermotit lighted by two nnall windows, a 
pair on eveir face, and of pointed form, pmbably added when the second 
roof was added. A round-headed window is in the west waD of the nave. 
The choir-arch i« 12 feet wide; the transept arobee eadi 17 feet; and 
that of the nave 15 feet. There an three tun of weather-mooldingB on 
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the MMBt Mb of the luu'«ir, tinpareDtly indioftliag Unit the first roiif wan uf 
«I%bt pitch, tha second high and steep, when three winduvvg of ootro- 
•|iaoi]ing (Ikte were addetl un eitch side of the n*ve, mbove the anoiest 
«niidu«n; and, auheequently, a tkinl roof, more depressed, wae added. 
In the old views of the ohuroh the cilia of these windows ue plainly 
m»riwd." 

Of the three great classes of architectural features, the door- 
ways, the windows, aad the arches supportiug the tower — all 
puosess characteristics distinctively Saxon. The doorways, instead 
of having recesses or orders externally, and the door being hung 
in some plane withia the thickness of the wall, have their open- 
ings cut straight througli the wall with perfectly flat and nnre- 
lieved sides, the door itself being hung against it3 inner face, upon 
hinges projecting into the charch. The openings in the tower are 
in this respect tronted rather as doors than windows. The 
windows proper have a rough splay of brick, nearly equal and 
similar within and without, ami meeting near the centre of the 
wall in a groove which contained a wootl frame; the cill waa 
•imil&rly splay<^l, and was plastered. Several of the windows 
added to the alxive a most remarkable feature ; their heads, instead 
of being arched, wei-e snuare, and were covered over with oak 
linteLs, which assumed tlie same splayed form both within and 
without as the rest of the window. These lintels had perished, 
bat the exact impression of their ends waa left in the mortar, 
showing almost the very grain of the wood. 

The arches of the tower (of which the eastern and the western 
are the only original ones) are forme<l in the manner which is so 
frequent in and so characteristic of Saxon work. They have near 
either jamb a brick pilaster, which, instead of stoppiugatthe spring- 
ing of the arch, is continued round it. This is alniost entirely of 
brick, as in fact are the majority of the architectural parts. The 
imposts are, however, of stone, and singularly moulded. The ex- 
ternal quoins are partly of stone and partly of brick, the former 
being bonded on the " long-and-short " principle peculiar to 
Saxon work, that is to say, an upright stone alternating with a 
flat stone bonding into both of tee wall faces. The door jambs 
seem to have been somewhat similar in construction, having flat 
atones on edge forming the sides of the opening, and fiat stones 
laid horizontally up<}D them. 

The church underwent considerable alterations (as already 
stated) about the close of the twelfth century. These alterations 
consisted, firstly, in the change of the whole internal character of 
the chancel into Early Pointed, by adding vaulting, inserting 
lancet windows in the sides and east end, and an elegant Early 
English sedile; secondly, of the vaulting of the space below the 
tower, and the formation of pointed arches on the north and 
south sides of that space; and thinily, of the insertion of a fine 
pointed doorwaj (and apparently a porch) on the north side of 
the nave. The character of the work introduced at this period 
is especially fine; and it is pretty evident, on comparing it with 
the beautiful porch and chapel to the keep of the castle, that it 
waa the work of the same architect: for, though the latter has 
generally round arches and has some Norman decorations, tha 
details of the two are so much alike as to show the same band, 
while both bear considf rable resemblance to those of the second 
architect of Canterbury Cathedral. The Norman choir of the 
litter having been burnt in il74, a French architect — known as 
" William de Sens" — was engaged for its restoration; and he, 
haviug been obliged after some years to relinquish the work, 
was .succeeded by an Englishman who had been en^ged under 
him, ami who is called " William the Englishman." To the work 
iif this architect the details in question be.or the closest simi- 
larity, so that little hesitation can be felt in attributing them 
to him, or to some of those who had been engaged under his 
direction. 

One very curioaa circumstance with regard to this work was 
brouglit to light during the late excavations. Many portions of 
the vaulting ribs of this period were discovered, several of which 
had been formed ont of small baluster pillars belonging to the 
Saxon church, one side of which remained quite perfect at the 
))nck of the Early English rib-moulditkg. These balusters are 
about i feet long, and do not suit any existing part of the church, 
yet they are so distinctly Saxon that one cannot doubt that they 
belonged to it. They are of Caen stone, and have been carefully 
turned in a lathe; the surface, with the marks of the turning-tools, 
being almost as fresh as if new. This latter circumstance makes 

i evident that they could never h.ive been used externally, and 
t thinks it proKible Ihat they formed parts of a screen, 
giu&ls are now in the museum at Dover, but cn»ts have 



been made and are deposited in the Architectural Museum at 
South Kensington. The doorway of this period on the north 
side of the nave, though some symptoms of it were before visible, 
may almost be said to have been discovered during the late exca- 
vations, for it was not tQl the earth bad been removed to a oon- 
siderable depth that its true form was ascertained. The arch 
mouldings and capitals had disappeared, but the full sections of 
ths jamb«, with the bases, were traced. One of the early couplela 
of the chancel had been altei'ed in the succeeding century into an 
incipient tracery window, with a quaLrefoil in its head, and the 
doume arch of the interior had been converted into a semicircle. 
It was at first intended to preserve this altered form, bat the 
inserted! stonework was so ruinous and decayed that it waa found 
necessary to take it out; and during the excavations the capital 
of the central shaft was found in a perfect state, with others of its 
details, so that the decision waa reversed, and the arch restored 
to its original form. The opposite window hod had its external 
features destroyed, but on the south side the jambs remained; and 
one window with auother, and with the aid of discovered frag- 
ments, the original forms and details were recovered with entire 
certainty. The capitals of several of the vaulting ribs, && were 
also found while excavating, and re-used. 

There are also Early English remains of a second period, pro- 
bably some thirty years later than those just described. They 
consist mainly of sedilia, and n piscina in the south-eastern angle 
of the nave, and belonging to an altar which stood against the 
aoathern jamb of the tower arch. Each arch of the sedilia had n 
small window-opening in its centre. These were in part dis- 
covered dnring the progress of the work. A little pedestal, pro- 
bably for a figure, was found attached to the jamo and tower- 
arch adjoining, and was refixeil where found. The Early English 
work of this second period is distinguishable from that of the 
first period by its having been worked with the claw-tool, whercaa 
the olden work bears the marks of the plain chiseL 

lu the eastern walls of the transepts were recesses of conside- 
rable width, under pointed arches. In excavating below them were 
found the lower parts of cross walls projecting from them west- 
ward; and, on a careful examination of the arches, evidences 
were discernible of groined vaulting having existed, rendering 
it clear that they were the remaius of projecting vaulted canopies, 
or ciboria, for the reception of tvltara ; their date being probably 
coeval with that of the sedilia in the nave. On excavating 
internjilly, two ancient floor levels were discovered ; — the original 
floor of the Saxon church, and that of the Early English period, 
which was on a little higher level. The latter has been adopted 
for the restored church. That portion of the older floor which 
was under the tower was {>aved with S(]uared chalk, abont six 
inches thick, laid on concrete, and the bed, similarly prepared, 
was found in other parts. The stone made use of in the Saxon 
portions of the building is of (at least) three descriptions : — some 
parts, as for instance the imposts of the tower arches, are of Coeii 
stone ; other parts, particularly some of the quoins, are of large 
masses of Kentish rag, such as one sees near Folkestone and 
Hythe. Others, again, are of a very peculiar kind of co«jm 
o<:>lite; and it is a singular fact that the same stone has be«& 
found at St. Mildred's Church at Canterbury', which bos beea 
supposed by Mr. Hussey to contain old Roman nmterialA; and 
that the curious pillars from Beculver, which are now pat op at 
Canterbury, are also of the same stone. Both these points were 
verified by the clerk of the works. Tufa also exists in the older 
parts of the structure. The wallaaremaiulyof fliut, butthejambai 
and arches of windows, &&, and portions of the quoins, are of 
Roman bricks, some of which are rounded on their edges as if 
they had lain on the beach, and to others portions of Roman 
mortar were found to adhere. 

lu clearing out the debris within the walls of the charch, at 
the outset of the undertaking, human bones were found iu all 
parts, at depths varying from 1 foot to 5 feet in the nave, hat 
8 feet below the surface in the transept, also a leadon coffin 
in the chauDel, and a stelned chalk grave in the nave. At 
the end of the soath transept there waa discover«<l, iu forming 
the trench, a singularly^haped stelned grave, formed with hewn 
cliaiik sides and top, the head or upper part being recised to receive 
the head ; the joints of this work are pretty closely fitted together, 
but no sign of any mortar appears to have been used in their 
construction. In various parts of the old building were found 
fragments of the old red tile^ with the old pounded brick mortar 
jambs attached thereto, precisely similar to some of (he old 
moi-tar used in the ancient phoroa adjoining. The focmilaliotu 
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of the chnrch are formed mostly of large flint And flat pieces of 

, stone at the aela-off, and plinth linea of tho greea flandatone 

rfbrtuJitioD, and very hanl. This description of stone boa been 

iined to have been quiirrie<l at Saltwoud, about eighteen 

to the west of Dover. The whole superstructure resta upon 

rery uniform and excelleut bottom, formed of very stiff clay 

fith a largo proportion of llinta intermixed. Tlie chalk floor 

[•xtaudfl over the whole area of the tower, but not beyon J, except 

[.on the east aide, where it runa one foot into the chaucel, Hid 

[fiDishea off in a straight line. The other aides atop ngainnt the 

[walla under tower arched leading into the transept, the walla of 

rhich stand about a foot above this level. The floor is formed of 

FUocks of hewn chalk, averaging 9 inches square, 6 inches thick, 

^■nd firmly beddetl and jointed in close mortar. No traces of floors 

were found in either transept. 

The course which was followed throughout the restoration has 

I to preserve every ancient feature which remained in its 

e, to restore to their pbices all fragments whose original posi- 

' lloa could be discovered, to leave unreatored those ancient features 

whoM restoration was nut uecesaary to the safety or reasonable 

eompteteness of the building, and to restorp othera, as nearly as 

[«videnco would permit, to the old forms, without any attempt to 

line what was new, or to render it mistakeable fur old work. 

MBB where it was necessary to restore parta formed of Roman 

it, either a similar brick was employed from the excavations, 

modern paving tiles. The latter sufficiently harmonise, but 

fmto at ouce distingtiisbable. 
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A Tveatite on Ventilation, Natural and Artificial, Bt Robert 
lliTcniE, C.E. London: Lockwood and Co. 1862. 

This work, on a subject which is still open to elucidation, and 
tlie very rudiments of which are far from being universally 
understood, will be of value both to professional and general 
retulers. It is the work of" a practical engineer who has been 
actually and repeatedly employed in the ventilating of buildings, 
and who has made himself familiar with most, if not all, of the 
methods iictually io use, or which have been ut various times 
employed. The author states iu bis preface, that "the ground- 
work of this book formed the matter of au article for the Cyclo- 
pcedia of the late Dr. Nii-hoI, Professor of Astronomy in the 
University of Glasgow." This article it seems did not appear in 
tliat work, on account of want of space; anil it was at the sug- 
gestion of the learned editor that it is now published in its 
present form, enlargc<l, and oxten.sively illoatrated by woodcuts. 

There are here and there defects of style, iiud the whole work, 
praiseworthy as it is for its candour and impartiality, is a little 
open to the objection that it is more suited for an article iu au 
encyclopojdia than fur a separate treatise; for while displaying 
the nature of various ccmtrivances, their defects, and their .\dvan- 
tages, it somewhat fails of fultilting the office of a guide-book to 
those practically eugaged in ventilating. A book which should 
show what expedient can be best relied upon under certain seta 
of conditions, and aliall, iu fact, place at the disposal of the 
student the comlensed reaults of a Kmg experience, is still to 
some extent a de^idenitum; aud though Mr. Ritchie's book is 
full of iufonnation both a.s to facts and principle's, it ia hardly 
more of a hand-book to the ventihiting engineer than several 
others already before the public. 

One of the points on which Mr. Ritchie gives a more decided 
expression of opinion than usual with him is the advantage of 
u<riDg a current of h<«t water at a great heat, circulating iu pipes 
of small diameter, for raising the temperature of the air. He 
has certaiuly done goo<l service in showing the anperior con- 
venience, safety, and efficiency of this mode of exciting a current 
iu au extractioU'shafl. 

" The writer of this vrork wu long ago impreeaed with the a<rlvauta^«a 
th»t the avHtem of high temperature tulies prcMuntotl for ventilation, — 
string the ilanifor that attended plaoini^ open firna of any kind at the roofs of 
Kail'lingN tii i-xtraol vitiated air. It ocvurred to him that if iu> artificial 
lieftt til » hi"'- ■'•' "•"■ M'fine iirwluced in m suiftU aoetau^iblL- duunlxiT at the 
Itxi of s '' li hot-wat«r pipes beutetl by a fire iiIiU-tMl at the 

laMement ••! ' a-^, there would nut be Uic miuw objuutiunji tu this 

v to the mt-thtnln which have been alluded to. 

After various expuriiaents he suooooded in applying tho bot-waU>r 
*p(wr.ktus ur artificial concentrated heat at the roof of the Circuit Court- 



Houie in Glasgow in 1843, and shortly sft«rwaniB at the Police Buildings 
in £<linhiugh. It was foundthat by this means, not only could m - "' ' ''. 
powerful extracting force fur th« withdrawal of vitiut«< I air fro i 

Ix; obtained, but that the plan wa» free from all risk of fife, au . ^.I 

with much less trouble in the management than any other plan. It 
required no fire to be kindled at the roof, and was noieeleas in ita opera- 
tion, uor was there any riak from it of the product of combu«lion finding 
their way into the apartment iielow, which might liappen U)tb with lire 
and Mnth gas. The expense uf the great eonsuiuption of gas wa« avoidtxl, 
and there waa little trouble in lighting; neither wtif* there the risk uf tlie 
escape of gaa nor the liabilitj- of bumera Iwiiig affecte*! by strong correnti 
of win<l. For the method of ventilating with hot water the writer 
received a high premiuui from the Royal Scottuih ijocietj' of Art«, and 
he has euoceufuITy applied thi« system to several buildings in Scotlanrl. 

The result of ample cxiwrienoe has fully provetl not only its utility 
and safety, but that the hot- water pipes, even in such expoied situationii. 
have stowl the test, without any aioadent, of twelve or more, and many 
of them very severe winteri, — and the eiSect of strong frost ha^ been 
easily guarded against by keeping on a alow fire during its cootinuauce, 
and fillini,' the pipes with water laturated with salt. By recent improve- 
ments tile apporatna con be so arranged that the water may be withdrawn 
from the pipes, and these refilled at pleasure. 

In the process here referred to the air is rarefied by being heated to 
about 200° Fahr. in a chamber at tlie pjuf, by muann of hot water appa- 
ratus. Above this chamber a shaft or ventilating chimney is carried as 
high OS conveniently can be, in order to prevent the reflux of the vitiated 
air, its eaoape into the atmosphere being aided by moans of a tumcap, to 
wUch a largts louvre is adapted. TbM cylindrical tumcap ia made 
of zinc. Mid revolves by means of a wind vane always turning its pro- 
tected surface towards the wind. The rarefaction or partial vacuum of 
the air in the chamber cauues the vntiated air at the ceiling of the apart- 
ment to ru«h towards it, from which the aacen«ional current oarriea the 
foul air into the external atmosphere. It is obvious that by this ptoona 
the ventilating apparatus itself cannot detonorate the air of the apartmeut, 
whereas the fumes from a cool tire, or the combustion of gaa iu the oxvav 
position, would do ao. The success, however, of this plan of ventilation 
in a great measure depends upon three points: first, the elevation of the 
shaft or chimney above the beating appuatus, and frv>e escape of the foul 
air into the atmosphere; second, the egress of the vitiated air from the 
room at the ceiling into the hot chamber; and third, tlie regularity witli 
which the heat is maintained.*' 

Mr. Ritchie has however neglected to inform na to what 
temperature he raised the 4-inch pipes which formed part of the 
system, but were employed to heat the air of the court; nor has 
he dwelt upon the danger (in employing a system of high-pressare 
pipes as a heating system) of injury to the properties of the air. 
This ought to have been here mentioned as a pomt to be guanled 
against, but the only reference to it ia in another part of the 
book, where we learn that Mr. Perkins has invented nn arrange- 
meut for modifying the temperatare of his pipes. On the general 
question of heating air to excess, Mr. Ritchie has aome excellent 
remarks, in which however we do not find any reference to the 
modern discovery of " ozone," although the questions of dryness 
and of " burnt air" are well and popularly treated. 

" From the preceding observations it will lie apparent that it is the 
degree uf temperature to which the air is raised that produces its drying 
or evaporative action; — hence in producing an artificial atmoapbeiv in 
apartments, the degree of moisture to be imparted to it should be in exact 
proportion to the degree of tcni|K-rature of th^ air in the ajiartment; for 
the air may be rendered so ilry and greedy in ita action, or what ia 
termed its capacity for moisture may be so incresaed, as to render it 
unfit ' for the healthy respiration of human beinga or of plants.' Tlijs 
being generally known and admitted, the author finds it stated ii^ ori« 
(Scientific Journal ' that ' it is not of the smallest importanoe h«>w the 
increased temperatiuv to the air is given — whether by au air-stove, or bv 
an open fire-place, or by steam or hot water pipes; the drying oflbct v 
exactly the same, and exactly proportioned to the degree of tempetature 
to which the air of the apartment is raised.' 

Surely there is another element which comes into octiou in the effect of 
thaie different heating medic, though the drying effect may be the saints, 
which may render them mure or lefts iojuiioua. It is a well-known ami 
admitted nact that th* atmonpbenc air in contact with he»ted ~ ' f 

iron undergoea two chemical changes: — First, at a black heat of . 
Fahr.. a partial decomposition coinmenoes, by the baniing or t' ^ i 

the iluiil mixed with the atmospheric air (visible in the sunbeam), which 
is chiefly composed of animal or vegetable matter; — in the second atogr. 
or when the ii'ou reaches a red heat (often snsible in «toVM. even in day- 
light), Hay Ton" uf Fahrenheit, complete decomposition tak>^ pLu»: thr 
oxygen i« nipi<Uy oon«nmcd, forirr r ' '' -'uje of the roe^i^ 

aud the va(>ouni ore oonviM*t«d i retted hydrogen 

gas. The rarefied air which pans - t be chiefly e<Ka- 

pose<l of nitrogen, and the elRuvia arise from the homing of the floating 

* Tnuii. Ro^al Soc. of Arts, lUO. p. <&. 
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iDAttar, As hydrogen ia of iUielf inodoroun, the smell w more likelj to 
be produced by the cvburetted hydrogen disengaged by pacing over the 
heated iron lurface, or by the decompodtion of anfanol matter. To inhale 
auch air even for a short time must be highly injurious to the human 
frame. The ofiect, however, ia not generally perceptible, and it ie in 
antne mea«are modified by the rarefaction of the air, which partially 
retains it at the upper part of the apartment, while the inoreaaed capacity 
fur moristure cautes the warm air to receive more rapidly back ita oxygen, 
and remixes it with atmospheric air. It is incorrect to aay that the eiieot 
nf all beating agente is alike. The oombustinn of ooal gas will dry the 
air, but in doing ao it iujurts its purity by consuming the oxygen and pro- 
ducing carbonic acid gaa. In the preparation of artificial atmoapheres, 
■tares are miqueAionably the moet p«.>mioious in imparting diying pro- 
perties to the air, and not water is preferable to steampipea* or gaa 
beat." 

It is to be regrottetl, perhaps, that in a work of which the 
chief merit wnsista in its comprehensive review of most existing 
systems, so little should be said of the methods adopted on the 
Continent. Tlie much vaunted system of Dr. Van Heeke, and 
thnt of Messrs. lAurent and Thomns, am indeed mentioned, but 
only aa referred to in the 'Barrack Keport,' and the 'Lancet.' A 
full description, with particulars drawn from personal exnmina- 
tioii, would have enhanced the value of the book exceedingly; 
and it is possible that a careful personal examination of some 
other coutiuental hoapitala— espcciidly the well-known one at 
Bordeaux — might have induced the writer to modify a little the 
views he has expressed on tlie subject of hospital ventilation. 

Interesting particulars will be found i-elating to the ventilation 
of mines, ana to the use of the steam-jet ana fan as motors; an 
scooant of some of the many attempts to ventilate the ITouses of 
Parliament will also be read with interest, and so wUl many 
other portions of the work; but we consider that the sections 
de.scribing examples of the author's own practice in ventilation 
are by far the most valuable, and we would have willingly dis- 
pensed with muoli of the second-hand matter contained in the 
volume to have bad those sections enlarged. 

The book is well illustrated with woodcuts and lithographs, 
and is supplied with an efiiciout table of contents; but an alpha- 
betical index is wanting — and in a book of this clmracter the 
•bseooe of auch an index is to be regretted. 



The MauKoleum at Haliearnafiatu Restored in conformity with the 

recently disrovered liemuim. By J.vues Fergosson, F.H.I. B.A. 

London: Murray. 1862. 

A restoration of the ruined tomb of Mansolus at Halicamassua 
was — like a restoration of the Roman Forum — one of the probkmB 
which few architectural antiquarians of the Classic school left 
unattemptfld. With the change that has taken place within the 
la&t half century in the general direction ot architectural studies 
some of the interest of these problems as matters of freipient 
debate has vanisbed, but enough remains to render the recent 
discovery, on the spot, of remains both of the scidpture and the 
architectural features of the mausoleum, a cause of general satis- 
faction to the learnwl. That discovery, as is well known, was 
made by an exploring expedition sent out by the British govern- 
ment; and the volume before us, by the author of the well-known 
' Handbook of Architecture,' contains a short account of the 
materials for restoration previously existing and of those recently 
added, followed by a detailed statement of Mr. Fergusson's views 
aa to the use to be made of those materials, together with repre- 
sentations of the mouumeut as be supposes it to have appeared 
when complete. 

After a careful perusitl uf Mr. Fergusson's treatise we cannot 
say that we feel conviuowl by hia reasoning on all points. Where 
the remains on the spot, or the descriptions in Pliny and other 
writers, fail or disagree, he baa attempted to recoricile descre- 
poncies, or to supply missing links, by nn ingenious application of 
a tlieory of geometrical proportions in Greek architecture, which, 
however ingenious and even probable, is not one universally 
.accepted. So much, therefore, of the restoration as rests solely 
on this theory must be considerefl as open to question. The 
theory itself, one of the most interesting portions of the book, is 
not origimd, but is that elaborate<l by Mr. Watki.%8 Lloyd, after 
a careful study of existing GreeV huifditigs, and so much of it aa 
was considered applicable to the subject under consideration ia 

• " By An lugpiium* arraupjuiin' Mr. A. W, PerUna of houdaa modjfic* tlip tem- 
naraturo <i( bU pst«ut bot-wKWr pipe* toaa; dagrae \>f poMMug tbe fluw-(klpe« Irou ths 
Amta/ ibrougli tanJci of cold mtMc," 



contained in the sabjoincd seven propositions, "which," obacrvM 
Mr. FergosAon, " may be considered axiomatic:" 

"The establishment of proportions of low numbers between — 

1. The length and breadth of the baeement, either upon its upper or) 

lower step, or both. 
2- The bfi'radth of front and full hmght uf the building; in most i 

alao the length of flank and full height. 

3. The length uid breailth of soiy other oonspicaous reotaagle, sacb •• 
in the present case would be the plans of the oella, of the pyrsoniid, of T 
base or pedestal of the statue. 

4. The divisioo of the grand height of the stmcturo into a pair of well- 
cnntraated parts, having a ratio to each other of which the temui difTerl 
by unity, as 2 to 3, 3 to 4, &o. The further 8ubdivi«iou of these 
eRecbed again by defimte proportions, and a favourite schame 
eUewhore, is for an intermediate section of a vertical line to have a I 
proportion to the joint diraen-iions of sections above and below it, 
upjK:r and luwer scotionj \»\i\^ then proiKirtioned independently. Thus ia i 
the entablature of the Mausoleum the friese is just half the joint heigfat 
of architrave and cornice; that is, one-third of the height is given (o kbe 
frieze. 

5. The lower diameter of the Ionic column has usually a ratio to 
upper diameter expressible in low numbers with a difference of unity. In^ 
the Mausoleum the ratio is 5 to 6, the same as at Priene. In the eolumns 
at Branchidffi, which were more than double the height, the differenoe is 
slighter — viz., 7 to 8. 

6. The Iw'ight nf the column is usuaUy, but by no means invariaMy, 
commensurable with the lower diameter, or at least semi-diamcfter, and 
the culumns are spaced in one or other of the sclkemcs that supply a sym- 
metry with their height; tliat is to say, the heigfat of the column will be 
found invariably to measure off a spaoa laterally that coincides with 
centre and centre of columns, centre and margin, or margin and margin 
of the fi>ot of the shaft or hose. This symmetry was of more importance 
than the commensurnbility of height by diame'cr. 

7. In the architecture of templea, at least, the height either of the shaft 
or of the full column comparxis with the complementary height of the 
order, or of the front, in a ratio of which the terms differ by unity, and 
the larger tenn pfertains to the cxdumus. For examjile, the height of the 
Partbt^on column is two ports out of three into which the full oeight of 
the order at the flank of the temple is divisible; the remaining part being 
divided between tlie entablature and the steps." ' 

We cannot here follow the ingenious application of these prin- 
ciples made by Mr. Fergusson, but the reader interested in such 
matters will find much pleasure iu doing so; and whether he 
agrees entirely with it or not, he will admit that the graphic 
re])resentationa of the restoration have much elegance and beauty. 
The work is creditably got up in every respect, is not too large, | 
and well hlte<l to find a place on the library table of every anti- 
quarian and architect 



On Heat in itt relaiioju to Water and Steam; emhracing New 
Fievaa on Vaporisation, Condernatian, and Erpionowi. By C 
Wtb Williams, A.I.C.E. Second Edition. Longman & Co. 

(Conetvdc<{ from, }ia;te 2 44. J 
Resuming our notice of this work, we find the subject of 
the jet treated in an original and masterly manner by Mr, 
Williams, He detects an induced cnri-ent of air by the simp- 
lest possible experiments; on this current depends the power 
of the jet, and not on the quantity of air or gns that is forced 
through the nozzle. From the exposition of the dynamical 
laws, 80 clearly establishe*! for the first time in the work befiire us, 

?unutitie8 are easilv calculated to suit any required deve]oi)ment. 
t is easily observed that the tuyeres of blast furnaces, fan blowers, 
and such contrivances, may be made more effective by constructtag ^h 
tbeni in accordance with the law detected by Charlea Wye ^^| 
Williams. He observes — ^^^ 

" The jet may. at first sight, appear to be of minor importanosv uid 
scarcely entitled to recognition as an agent for developing power. All 
think they know ita cluu-rvcter, and the cause of its action and efficiency. 
On examination, however, it will be found to involve result* lH)th practi- 
cally and dyruunically of the deepest interest. To the jet, lielougg all 
that the increase of draft, and the consequent increase uf cuutbtistion, 
effect in the locomotive steam engine. Although this is rrrnrriisiid by all 
engineers, yet none have examined the true cause of this jiciwiw «oW« 
in reference to railway speed. 

So impiortaat has be^ the result of the jet of waste steam in the 
chimney of the locomotive, that a contest of violence, and even aoimony, 
has lung been carrie<l on as to whom belongs tlie merit of its apptioatkn 
at tl>e time of the great rival contest on the opening of the laverpocl and 
ManchMter Railway, in which Stephenson carried the day, his snoeeM 
being solely the result of the introduction of the jet of waste steun in tbs 
chimney. Of the peculiarity or cause of this result aa a powor, fau wss at 
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«t the time wholly ignorant. Even to thb d&y no one hae vet given a 

ooirect Bcieutific accriunt of the true modus operandi by whidb the effect 

M realised. 80 little indeed waa this known whon firat intxoduoed into 

the R<x:ket engine, that the beet mode uf applying it, as regarda area 

an<I p<>»iti»u, waa whoUj undecided. All that wm known, or considered 

requLsite, was, that by throwing the waste steam from the oyliuder* into 

the chismey a great accession of draft waa obtainod, oombiutioa accele- 

ated, and a oouimenaurate inurease in the Moonnt of stsom generated. 

^Babseqoantly, scientific men began to consider these points; the present 

i pontioa, however, of the jet at the base of the chimney, and the regulation 

of the sectional area of the jet, have been determined by practioe alone, 

and without reference to principle. 

From the uhu of the steam jet in the locomotive came its application in 
aid of the draft in marine boilers, where, of coone, the benefit and effect 
of high chimneys, as adopted on Luid, cannot be available. Still, how- 
ever, we shall see how little was known as to the principle on which the 
ifflaionoy of the jet d^Muded. In proof of this it may be mentioned that 
in * looont instanoe steam jets have been introduced into the chimneys of 
' loige Tesaels with eo little judgment, that not only is their effect to a gtvat 
^ extent nentraliaed, but it is accompanied with an unneceasafy waste of 
■team. This will hereafter be ex])lained and illustrated." 

The following simple experimenta establish the theory pat 
forth, and define the principle upon which the force of the jet 
depends. Our author commences to illuatrate his views hy the 
action of a common house bellows, and remarks, 

" With the view of illafitrating the principle on which the efficiency of 
the jet depends, let us take the most faniillar instanoe, that produced by 
the common bouse bellows, used for urging combustion in our domestic 
grates. We all imagine that the effect is produced l)y the air which 
oetoally passes through the bellows and iiisues through the nozilo. That 
this is not the case, and is but a ^popular error, may be proved by 
allowing no air to enter the fire but wliat atwnlutely passes thn^ugb the 
bellowB and its noixle. On doing so we shall find that but little effect 
would be produced in urging the fire. The following experiment will 
aofidently illustrate this fact. Let A, Fig. 1, represent the noade 

¥ia. U 





perforations in the, cone. On blowing amortly into the mouthpiece A, 
and holding the lighted taper above the open C, the flame will be rapidly 
deflected, as pointed out by the arrows, thus showing the great additional 
volume of air which wau entering, in aid of that impelled through the 
mouth-piece. If however the open space C, be closed, the inefficiency 
of the blast wUl be etrikingly evident. 

The following is a familiar mode of showing the groat omonnt of the 
induced current, as compared with what ia sapplied by the direct jet. 
Let A, Fig. 5, represent a tin tul)e of 4 feet long and 3 inches diameter. 
If the nozde of the bellows be presented to the end of this tube, as abown 
at B, and the air be foroed into it, on a lighted taper lielng held to its 
end, the direction of the fiome will indicate the induced current entering 
the tub^ as marked by the arrows. Now, to prove the inadequacy of 
the jet when deprived of the inducttd currente, lot the tin plate C, Fig. 6, 
be placed against the end of the tube, leaving a hi.>le in the centre of 
the plate sufficient for the introduction of the nuzzle uf the bellows, The 
result wQl be remarkable, conveying the effect of an almost want of power 
in the action of the bellows. Ttus will be the more apparent if we hold a 
taper at the further end of the tube, or a distance from it, to indicate the 
farce of the blast." 

In contiuuation our author gives the succeeding examples, to 
show that the power of the jet ia duo to tho pure air supplied 
by an ind uced current. 

"The following are additional illustrations of the reality and impoitanoe 
of the induced current of air. We are aU familiar with the boys' expeh- 

Fio. 8. 




cif the bellows, and B tho conical stroam of air impelled through 
it. Now, if that represented all the air that entered the fire we 
should fiml the effect to bo alto(^ther insignificant. To prove 
this, let the- stream of air be absolutely confined to that qtiontity, by 
placing on the nozzle the tin conical tube C, Fig. 2, this tube being about 
mx or ei^ht inches long. On urging the bellowa we shall be auprised at 

Via. 2. 



the comparative insufficiency of the blast. Whence then, it may be 
Boked, is the .tdditioD&l tmpply olitoined which makes the ordinary action 
uf the blast so efficient? This may et|uaUy }>e made visible by placing on 
the nozzle, in phice of the cone C, the cone D, Fig. 8, of the same size, 
but made of the perforated ano plate used for window blinds, or a tin 
cone perforated with numerous holes, each of about one-eighth of an inch 
in width. If the bc^UuwB be then worked, strong currents of air will lie 
found rushing into the cone through the numerous holes, and which will 
be found sufficient to restore the action to its ordinary force and effect in 
argjog the fire. On holdii^ the flame of a lighted taper to the boles in 
tibe perforated zinc cone, Filg. 3, it will show the air forcibly drawn in 
through them, thus aoct^unting for the increased quantity entering the 
fire. This additional supply ranf be called the induced current, and on 
this will be found to depend tho great value and effect produced by the 
j«t, whether it be of steam, air, or water," 

The tnyere of a blast furnace establishes the same result when 
properly preiiared. Tho tuyere patented by Baosom Cook, much 
useo in the iTDited States, famishes a good example. 

"The following will further fllustrate the effect of the induced current. 
Ijot Fig, 4 represent a tin cylindrical veasel, about 5 inches long and 
3 inches diameter. A is the mouth-pieoe throngh which the air may be 
blown from the lungs. B is a cone of tihe perforated zinc pUte, fixed in 
and passing through the cylinder. C is an open space throu^ which the 
&ir will enter to supply the induced current, to be drawn in through the 



ment of balancing a pea in the air by blowing through the stem of a 
tobacco pipe. Thus let A, Fig. 7, represent the pipe stem held vertically, 
and G the pea. On blowing through the pipe, the pea having been first 
balanced on its end, it will be foroed upwards, and sustained in the ur 
several inches above it, as shown in the figure. In this cose, no one 
doubts that the pea is not only projected into the air, but held in its 
position by the force of the jet and breath from the lungs ; yet inch is not 
the fact. The experiment will be more effective if made on a larger scale, 
thus: — Let A, Yiga. 8 and l>, represent the mouth-pieoe of a tin tube, 
having an orifice for the exit of the air of about one-eighth of an inch. 
If then, holding the tiilie vertically, we place on its upper end the round 
cork bail (.', of about | or I inch diameter, the blast issxnng from the lungs 
vrill project it 10 or 12 inches into the air, as shown in the figure. 

Here, as in the cose of the pea, it would be thought that the cork ball 
woe sustained in its position by the sole force of the jet of air. So long 
as the jet is foroed vterticolly upwards, there might be reasonable grounds 
for attributing the sustuned position of the boU to the more force of the 

Jet. When, however, the boll is projected at a considerable angle as in 
fig. 10, it is manifest there must be some otlwr force in operation 
which prevents its faUing over, as the baD oould not be sustained at such 
an angle by the mere jet, since it must either be projected as a baU from 
a cannon, or it must fall dof^nwords by virtue of its gravity. The induced 
curc^nt, however, iUnntrated in Figa. 9 and 10, then comes in aid of its 
support on whatever side it may be projected, sustaining its inclined posi- 
tion as shown by the arrows. This is further eviilent by observing that, 
as the intermittent current of the blast varies, the boll will return at a 
corresponding angle to the orifice from which it hod been propelled. 

Again, if the preventor tube D. Fig. 11, be placed on the month- 
piece, the effect of the jet wUl be so reduced as to be scarcely sufficient 
to move the ball. 

In further illustration of the value of the induced current, let the 
experiment be made with steam instead of air. Let Fig. 12 represent a 
jet of steam, say at 10 lb. pressure, issuing at A from a tube of an orifice 
of 1-lOth of an inch. The steam will then be projected to a distance <if 
3 to 4 feet. Let Fig. 13 represent the same jet with the preventor tin 
cone B placed on it, as in former experiments, by which the approach of 
any induced current will be prerentea. The result will be, that the force 
will be insignificant, the steam having apparently loct its forue, as shown 
at C. If then, as before, we remove the preventor cone and replace it 
with one of the perforated zinc, the force of the jet will appear to be re- 
stored, as in Fig. 14, wh^^reif the flame of a toper be helil over the orifices 
it wQl be drawn into ifacm to supply the induced current, as shown when 
thejet was made with air. 

The value of the bduoed current is fully exemplified in the jeie of the 
ordinoiy Argand gas burner, as also in the common blowpipe. In this 
latter case, if the pipe be used from the lungs, it is manifest it could have 
no value in promoting combustion, since, the carbonic acid and vapour 
issuing from it ojuld not increase, or even sustain the combustaon by 
wUch such powerful and intense beat is produced. We have, then, no 
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ftltenutiTe, but to attribute the )^ner&tion of tha.t beat to the pure «ir 
linwn in by the iaiiuc«d curreut." 

We have now fairly and fully laid the sound demonstrations 
and practical proofs fumiahed by Mr. Williaiaa before our readers. 
Hla views on the jet, as well as on vaporisatiou, couden^atiou, and 
eiplosionsar© new and true; we eiidorae them. In the work before 
OS the foundation is laid of a sound theory with respect to heat 
in its relations to water and steam; it is time that false doctrines 
and theories were laid aside, and a mperatructure raised that will 
eadaro. The subject being of paramount importance, is aare to 
meet with the careful attention of engineers and men of science, 
to whom we would again commeud the careful perua&l of this 
valuable and original work. 



Th» Iron Manufacture of Great Britain. By W. Truran, C.E. 

Second ddition, revised by J. Arthur Phillips and Wiluam 

fi.DoRiia», C.E. 4to. London: Spon. 1862. 

It is now seven years since the appearance of the first edition 
of the lat« Mr. Truran's well-known work, which was at the time 
noUced at some length in this Journal (vol. zviii. p. 319, and xix. 
149.) The present posthumous edition is from a manuscript 
nearly completed by the author at the time of his death iu Aus- 
tralia, he having in fact almost re-written the book, and increaaed 
the number of plates from twenty-three to eighty-four. The 
manuscript has been edited bv the two gentlemen whose names 
are given in the title-p&ge, who nave endeavoured to follow out the 
anthor'a aim as nearly as possible. The following extract from 
the preface will show the just estimate which the editors have 
formed of the work: — 

"Hie great experience of Mr. Truran m an Iron Metallurgist, and the 
untiring iuduiitry with which during miuiy years he; collected notes and 
■ketches of every kind of apparatus coiiiie<;ied with Uie manufacture, is a 
sufficient guarantee for the perfect accuracy of tho oniaUest practical 
details, wmle oa an able draught«man he had left hohind him a Kri«s of 
beautifully execiited dn wings of th« furnaces and machineiT he describes, 
Tliese drawings, which have been carefully ro-produced by Mr. Newbery. 
give a greatly increased value to the present over the former edition; and 
it is not Uto much to say that tbi« work now fonns the ninst couipletc 
and practical treatise on the Metallurgy of Iron to be found in the 
Rn glitli bujguage. 

"With respect to the opiniooa held by the author relative to the subject 
of waste heat and the advantageous triplication of the unconsumed gases 
isBoing from the blast furnace, we may remarii that the expotienae of the 
last few yean does not appear to entiieiy bear out the oonduaious to 
which he had arrived. 

" It must however be remembered tltat Mr. Truran was essentially a 
practical man, and that the great value of his work is rather as a record 
of the exact state of thiB''industry at the time at which he wrote, than as 
a soentifiu treatise affording information explivnatory of the physioal and 
chemical agencies which play such an imjxirtant part in this branch of 
cnir manufactures. 

" With some of his observations of a theoretical nature we cannot our- 
selves entirely agree, but there can be no doubt that his remarks on the 
influence exeited by the area of the tunnel-head nn the working an<) yield 
of furnaces are of much pnictlca.1 importance, and tliat the attention of 
ixoUDaaters cannot be too carefully directed to this «ubJoct." 

The work is brought out iu very handsome style, and the clear- 
ness and fidelity of the numerous lithographic illustrations much 
enhance its value. We shall take an early opportunity of 
noticing it more fuUy. 

Orthographic Projections of Detcriptive Geometry. By S. Edward 

Warrkn, C.E. 1860. 
A Manual of Elementary Geometrical Drawing. By the same 

.\uthor. 1861. New York: John Wiley; and London, Trub- 

ner and Co. 

The author of these books is Professor of Greometrical Drawing 
in the Kennselaer Polytechnic Institute, Troy, New York, ana 
appears to have devoted much study to his special subject, npoo 
whicli he enters in the spirit of an enthusiast. The first and 
larger work is of somewbut ambitious soope, aiming at no lesa 
Uuu so original methodical arrangement uf the entire subject, 

" In comparing the wants of the thoroughly trained draftsman — and 
every architect, engineer, master m achi n i s t, ^etc, should be a competent 
draftsman — as made known by several years' experienoe in teaching the 
various branches of graphicid soienoe, with the mesas of instnictioB 
afforded by the few existing works, in English, on descriptive geometry, 
these works have seemed defective both in the quantity of matter pre- 
ssnted, and in their system — or apparoat lack of system— of arrangement. 



But in riew of the above named deficiencee, the great value of descrip- 
tive geometry to architects, engineers, masons and moehiuLsts, as wrll 
ns to mere draftsmen, as a technical graphic language, CH^iable <.)f expres- 
sing with unequalled brerity the true size and relative ]joeition of all 
parts cf a geometrical magnitude, or aasemblage of magnitudes, impels 
me to offer the following pages ss the result of a careful noting of the 
matters suggested by many repeUtions of the ooune in descriptive geo- 
metry in the class-room. The writer has deemed it a fortunate circum- 
stance to be fmablod to deal with a subject whose precise nature and 
sphere have not beeu determined by universal usage, especially in view 
of hie citizenship iu a nation which, being in many respects a compeer nf 
thv maturer nations of the old worlil, while it is yet in its own early 
youth, promises to be in a position to determine the usage just alluded 
to." 

Accordingly, we have upwards of 400 8vo. pages, and a profusion 
of plates, devoted to the treatment of the matter in txtomo, in a 
regular order based on a simple and sound scheme of claasificn- 
tion. The author's general conception, and the faithfulness with 
which he has worked out its details, claim high commendation. 
At the same time it would have added much to the value of the 
work bad simpler language been used. The English reader is 
placed somewhat out of his element among '' tangencies," 
" nappes," " gorges," " graphical constructions," " second genera- 
tions, ' and " revolved positions." We concede that Mr. Warren 
does not write for the Old World mainly, or in the first instance; 
and also that the task of generalising and reducing into system 
will sometimes require aids from language. But we conceive 
that if the verbiage of the volume before us were brought down 
to a plainer standard, the author's meaning would come out 
with much more clearness and force. 

The smaller volume is what its name implies, and sot&othing 
more. Instniction ia given iu the rudiments of geometrical pro- 
jection, and also of shadows, in isometrical drawing, and iu the 
drawing of structures and machines. These instructions are 
accompanied with explanations, very useful to the young 
draughtsman, of all the details represented, so as to inform him 
of the principle, object, and actual working of every port, and 
teach him thoroughly to master the idea as well as to acquire 
the mechanical facility of picturing the form on paper. The 
work is liberally illustrated with neat lithographic plates. 



STAINED GLASS IN THE INTERNATIONAL 
EXHIBITION, 1862. 

Habdlt is there a substance that contributes in so importaut 
a degree as glass to the progression of the arts in their 
development of the most refilaed and beautiful forma and 
materials, and to the comfort and neoessitiea of all classes. The 
imperishability of this material has also secured to tia inviolate 
the works of some of the greatest ancient masters of the art, and 
inspires even the artist of the present age with the grandestt 
conceptions, and induces to a glorious emulation. To whatever 
more recent discovery we may be indebted for a more economic 
material, it is certain that the use of glass is traeea ble back so far as 
2000 B.C., when the Egyptians not only made glass but understood 
its colouration, by means of fluxion with metallic oxides. Thus, 
in acme of the oldest mummies, we find glass present in the form 
of beads and other conceits, for the decoration and ornamentation 
of their gods. The Portland vase from Nineveh is made of blue 
glass figured in white enamel, the date of which manufacture is 
given as 700 n. o. A most interesting analysis has been given by 
M. Bontemps to the Paris Academy of Sciences of the glass found 
at Pompeii and Herculaneum, manufactured about a.d. 79. The 
colour IS bluish green, and approximates to on extraordinary 
degree to the constituent and component parts of the ordinary 
glass of our own time. 
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Gloss was not aaed for the purpose of glazing until long 
after its discovery; mosaics and enamels were tlie first uses 
to which it was applied. The mosaics were of a very elabo- 
rate character, and consisted for the most part of filaments 
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fusetl togelher, rather than a combination of geometrical forms. 
Next came the geometiical mosaics, wroaght with surronndiiigs 
of foliage, figures &c. Baron Rothschild exhibits a brantifol 
■pedmea of this class in the (Loan) Museum at South Kensington. 
In the euarat'lling of glass the Byzantine artists seem to have 
excelled, but it was long after Phcenicia became celebrated for, 
and Rome had introduced glass, in its brilliancy and beauty, that 
it was utili8«d by its adoption for oiTiamental and artistic glaz' 
ing; and for this purpose it waa first introduced into monasteries 
and churches. Bede, in his history of Weaniiouth, in Durham, 
aays "about the year 674 the abbot Benedict brought oyer an 
artist firom beyond the seas to glaze the windows of the church 
and monastery of Wearmouth." France, in the sixteenth century, 
established extensive manufactories of window-glass, and con- 
ferred considerable privileges on the workmen employed: but it was 
not before the reign of Elizabeth that we produced window-glass in 
any quantity. Germany has in former yenrs sustained a con- 
nderable reputation for ita production of window-glass, but is 
now much below par. In order to criticise fairly or appi-eciate 
duly the productions of the various exhibiti>ra in the present 
Exhibition, wo should know cerUiuly something of the manu- 
facture, and the object each exhibitor has in view. To this end 
we would make a few remarks upon the manufacture of glass for 
window glazing, so far aa the art of glass aUining or painting ia 
concerned. It is incorrectly supposed that of all stained glass 
extant that of the early period is the finest. This is not the 
fact; but the retrogression for some few centuries of the art, 
whether fr<>m economical notions or neglect, has led to this belief 
that the falling otf reached its climax at the end of the seventeenth 
century, but no progress worthy of mention in the rt-productive 
art took place until of late years. Now however it can be shown 
that we manufacture glass in no way inferior to the finestpro- 
ductions of the early ages. Two of our exhibitors, Messrs. Hart- 
ley, of Sunderland, and Messrs. Powell, of W hitefriars, are large 
manofatrturers, and both in their specialities have done great 
and incalculable service in the reproduction of the finer details of 
this art. It would be most unfair to judge of Messrs. Hartley^s 
(No. 6726, Class 34) glass from the design of the large circular win- 
dows at the east and western ends of the nave, this naving nothing 
really to do with the speciality the exhibitors have in view; and, 
much as one could have wished so prominent a space to have dis- 
played a design worthy the material, yet it has nothing whatever to 
do with the quality of the gUsa, which is not exhibited as a window, 
but is evidently intended to display the great, indeed wonderful, 
brilliancy and beauty of the glass manufactured by this firm; 
who also introduce some new colours, among which ia a beautiful 
blue, where copper takes the place of cobalt It is but justice to 
Messrs. Hartley to say that some of the most brilliant of the 
productions of many of the exhibitors is doe to the successful 
production by them of an excellent quality of stained glass at 
price.1 that have not failed to increase very considerably its con- 
sumption. To Messrs. Powell (6737) much isdue, not only for the 
manufacture of their glass for the artist, and their most excellent 
quarry gUss, but in their efforts in glass painting, their windows, 
although subject to criticism on some points, sufficiently indicate 
their success ia this department. This firm has the award of a 
luedal. 

The varieties of glass employed for these purposes are four in 
number: — 1. The glass which is coloured through its substance, 
called pot metal. 2, That which is coloured only on the outside, 
called fiasheil glass. 3. That which is stained after the first 
process of manufacture is completed. 4. The rolled glass; and, 
lastly, the ordinary sheet-glass, which is to receive a process 
different from the foregoiug, and requires the aid of the artist to 
produce its chromatic etTects by the art of class fuinting; this 
rests with the artist, whose colours are madia to adhere to the 
glass by the aid of fluxes, which at a comparatively low temper- 
ature bring the silica into a state of fusion, and fix it, with ita 
colouring luateriala, to the glass to be operated upon. Here, then, 
it is plain, thi^t the art has many branches, upon each of which its 
ultimate beau tydei>end8: Ist, upon the original glass manufacturer; 
2nd, the chemist who compounds the fluxes ; 3rd, the designer, so 
fiu: as the cartoon is concerned ; 4th, the artist, or painter, who 
needs to know most thoroughly the effect of the fire upon his 
work ; and ]a.stly, there is involved the necessity for great care 
and judgment in the management of the kilns and oiher inci- 
dentals, which may render justly the work of the artist, or affect 
it most unfavourably. 
Hardly has architecture so beautifol aa ocoessory as staiaed 



glass. Onr ancient catnedrals and churches owe much of their 
magnificence and Impresaiveness to their glorious stained-glass 
windows, through which pour the soft streaming bejewelled 
rays in the bright sunlight, or the subdued and divine effects of 
the paler orb. 

In the displav of Messrs. Warrington (6744), who have 
received honourable mention, we find an attempt to illustrate 
the various periods of the art of glass-staining that falls fiir 
short of the e^^dent intention of the exhibitors. Through 
the medium of their diversity of production we can tr»ce 
plainly the styles of the various periods ; but they have 
tailed ia some of the most important characteristics as illns- 
trative of the periotls to which they refer, either in the lineaments 
of the features, in the drapery of the figures, the eyes (which 
mark style and period), or the brilliancy and force attaching 
themselves in various degrees to these details. In some one or 
other of these particulars the work falls short, though altogether 
the firm deserve great credit for their attempt to render the 
illustration. 

Messrs. Ward and Hughes (6741), who also have received 
honoiurable mention, exhibit the true inspiration of the artist; 
their figures are truthfully and beautifully rendered ; their glass 
is most brilliant and harmonious in its effect, and the feeling 
displayed throughout is of an elevated order. 

Mr. Charles Qibbs (6724) exhibits much that is to be admired ; 
and the ornamental part of a window exhibited by him mrire espe- 
cially deserves great praise for beauty and brilliancy of material 
and excellence, combined with richness of design. Honourable 
mention has been awarded to these productions. The last- 
named exhibitor has a namesake, whose attempt at reproducing 
the glass of the thirteenth century is a miserable failure. 

Messrs. H.ardman'8 works (Gliii), which have been recognised 
by the award of a medal, display the usual exoellenoe of the 
productions of that eminent firm. The Emett Memorial Window 
excels in many respects their larger windows, which neverthe- 
less display great merit 

Messrs. Lavers and Barraud (6745), who have a reputation for 
undoubted progress in the art, receive a medal; their works are 
of the very best kind. Their window for Lavenham Church 
displays great skill — the groups are beautifully drawn and 
painted, and full of religious feeling. We cannot pass by their 
heads of Authur and Guinevere without a worrl of praise justly 
due to these fine paintings. 

Messrs. Ballantyue and Son (671 1} should not have their work 
brought to the standard of ancient glass paintings; it is a style 
of their own, and suitable for certain purposes and positions. 
As tmnsparencies they are not without merit, though their 
introduction into ecclesiastical buildings would bo a great error 
in judgment The thirteenth century work of Messrs. Powell is 
deserving of nil praise, antl the window in the CMnquecento 
style is an admirable production, especially so far aa the figure 
of St Paul is concerned. Some few defects in the design might 
be pointed out, but altogether their productions are of a most 
praiseworthy character. Messrs. O'Connor and Co. (6755) ex- 
hibit a great variety, but although the recipients of a medaJ, we 
cannot be persuaded out of the notion of the general poverty and 
inferiority of their selection. 

Messrs. Heaton, Butler, and Bayne (6727} exhibit some very fine 
windows; the most prominent feature of their display ia however 
their fine heraldic work. The figure of Moses, in the window for 
St Alban's Abbey, is fine both in conception and execution; and 
great hannony of colour prevails in their work throughout, and 
deserves fully the diBtinc:iou they have received as m»lalliste. 

Of Messrs. t;iayton and Bell (6718) we need but say that they 
well sustain their reputation for high artistic skill and feeling in 
their glass painting; one thing strikes us however as wanting, 
which is, a higher degree of colour, the absence of which tends to 
an appearance of poverty in their productions. Messrs. Chanee 
and Co. (6716) have boldly entered the field of gkss painting, and 
have as boldly introduced a new disposition — ^we cannot sajr 
harmony — (if colour, which is as eccentric as the design. It u 
difficult to criticise eccentricities, and it is placed where there Arc 
not many passing critics to offend. 

Messrs. Bees and R'iker(6740) exhibit a window, in which a moat 
nnsuccessful attempt has been made to introduce perspective and 
other effects, which does not speak mnch for their experience ia 
the established princijiles of the art of glass painting. Meoer*. 
Field and Allan (67iil) are deservedly awarded a medal for a 
beautiful specimen of fifteenth century work. 
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W«U BQStaiDB 



thia department of the iDtemational Exhibition 
a repntation for progress, and proves, as in our 
ad^'ance in ceramic wares, that noble emulation will redeem in 
X sLort period a loss that the motirning of ages wouid but coq- 



firtn. All praise then ia due to those enterprining firms and indi- 
viduals who have so noblj, and in many cases so diaintereatedlj 
persevered in the reproductive arts. 



MACHINERY 



THE INTERNATIONAL EXHIBITION, 1862. 
(Cwttinued from pagt 2SI>.^ 




Tic. i:.~BarciiluU, Nalkeid, utd Co.'i VvIm Koftae. 



Messrs. John Pb »w and Sow, Green 
wich, exhibit a pair of Horizontal 
Marine Enginet (1955, Class 8), of 600 
noniiual horse power. These engines 
are constructed on the trunk principle, 
working through both ends of the cylin- 
ders; the pistons in the centre of the 
length of the trunk; the connecting rod 
works on a gudgeon fixed in the trunk, 
the action being thereby direct from 
the piston to the crank; the air pumps 
aud condensers at the opposite end — 
the former actuated from a rod moved 
by the piston to which it ia attached, 
and passing through the cylinder cover, 
the same being the case with the rods 
that drive the feed purupe, placed close 
to the condensers, and taking their 
water directly from the hot wells. The 
air pumps consist merely of a solid pis- 
ton working in a cylinder open at both 
ends, and pliice<l within chambers, sepa- 
rate*! by a mid diaphragm, beneath 
the horizontal valve plates above. The 
valves are multiple and circular. The 
stenm and eduction valves are simple 
cap slides of targe size, with considera- 
ble lap. The valve gear consista, for 
each engine, of two eccentrics and link 
motion; the vibrating link is hollow or 
slotted, and the arrangements for hand- 
ling the engines are very simply brought 
up to a single starling wheel, placed 
with its plane athwsrtships, aud upon 
the top of the coudensera; close by it 
are the levers acting upon the throttle 
valves and those by which small subsi- 
diary valves placed on the upper sides 
of the cylinders are manipulated, by 
which the cylinders can be breathed 
and blown through, before starting, as 
well as the condensers. The steam and 
eduction valves stand on e<lge, or upon 
the sides of the cylinders. The dia- 
charging steam passes directly through 
polished copper pipes over the top of the 
engines to the top of the condensers. 
These are provided with expansion 
glands at the condenser ends. The 
main shaft is in one piece, 12 inches 
liameter at the necks. The cranks are 
■lhI by bitfcka of cast-iron secured 
! ;ips. The main strains in engines 
oi iiiis chws being reduced to push and 
pull in the line <»f ii)e axis of the cylin- 
ders, in which direction ample strength 
is provided in the framing, no great 
transverse stiffness is ueed«Hl or found, 
in the lower frame or bed plates. The 
outer end of the crank shaft, at the first 
length of the screw shaft, is providetl 
with a worm wheel of caat-iron and end- 
leas acrew, for the purpose of turning 
round the enginea when steam ia not 
up. The bt)ilf'rs, four in number, have 
a heating surface of .-ibout lljOOOsqujire 
feet. These engines are intended for a 
firat-clnss frigate in the Spanish navy. 
The workmanship of these engines is 
perfect, as ia usiiiil in the produDtiuu.4 
of this eminent tirm. 
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Messrs. Ravenlull, Salkeld and Co, of Batcliffaud Blackwnll, 
exhibit (1962, Class 8), working models of a pair of Horisontal 
Marine Engine* of 500 horse-power for screw propellers (Fig. 12), 
The cylinders are 71 inches diameter, 3 feet stroke, and are fitted 
with double piston-rods placed diaffObally in the pistons, so as to 
posa the one above and the other beneath the shaft to the cross- 
. heads. The guides are placed on the condenser framing, from 
which cross-heads connecting-rods return to the crank shaft. 

The exhibitors were, it is believed, the first to introduce the 
doable piston-rod engine into the British Navy; engines of 300 
horse nominal power so fitted having been mtvde by them in the 
year 1845, since which time tliey have fitted no less than forty-five 
ships with them. The slide valves are three-ported, and worked 
by the ordinary link-motion. Tlie air-pnrapa ara worked direct 
from the piston, and are placed outside of the counecting-rods at 
each end of the engines, so that their staffing-boxes are at all times 
accessible whilst the engines are in motion. The foot and 
delivering-valves are placed at the extreme ends of the condenser 
framing, and are at once within rench by the removal of the doors. 
The connecting shaft is carried in three bearings, the main glands 
of which arn of wrought-iron made to clip the framing. These 
models are very beaulifully executed. 

Messrs. Itavenhill, Salkeld, and Co. exhibit also a working 
model of the marine engines of the Holyhead royal mail packets, 
Leinster and CcnnaughL These engines are au a<imirable ex- 
ample of the class of mercantile marioe engines, and of the appli- 
cation of the 08cill.iting cylinder to the largest claas of euginea. 
The nominal power of these engines is 72ii horse-power. The 
cylinders are 8 feet i inches diameter. The stroke ia 6 feet 6 inches. 
The working pressure iu boilers is 20 lbs. per square inch, and 
with an indicated hor8e-power=4751 horse-power = nearly G'6 
times the nominal power, these vessels attained an average speed 
at the official trials at Stoke-s Bay of eighteen knots or twenty- 
one statute miles per hour ; the engines working at the rate of 
twenty-five to twenty-six strokes per minute. The avei-age speed 
in all weathers of the two vessels on the station during the first 
six months of the new postal service, ending 31st March, l^Wl, 
between Holyhead and Kingstown, was 15'4ol knots, or a little 
under eighteen statute miles per hour. The extreme length of 
tlieLeiuster and Counaught ia 350 feet; the breadth 35 feet; the 
mean draught 12 feet inches; and the area of midship immersed 
section about .328 square feet. The boilers are eiglit, tubular, 
with 40 furnaces, and 4176 tubes, or a total of 4| miles of tubing, 
and expose a heating surface of 16,800 square feet. The cou8umt>- 
tioa of fuel ia about three lbs. per indicated horse-power per hour; 
the boilers are not fitted with superheating apparatus, nor are the 
eagiues fitted with any expansive gear, but steam ia cut oflF by 
the slide valven at about gths of the stroke. The average vacuum 
is 25 inches. The sh-afts are wroap;ht-iron — none of steel. The 
paddles are upon the feathering principle, and are one of tho 
largest examples of thi.s construction, the fioatboards being 5 feet 
ia depth. The outer paddle-shaft bearings are inside the jNvddle- 
boxes, and hence are very accessible. To Messrs. Itavenhill, 
Salkeld, and Ci>. honourable mentioQ has been awarded for their 
models of oscillating eugiues. 



THE TUNNEL THROUGH MOUNT CENIS. 
TiiK gro;it enterprise of Sir I.aarabard Brunei of constrncling 
the tunnel uoder the Thames, b.is nowhere been imitated on such 
a gigantic scale as in the case of the tunnel through Mount Ouia, 
which will open a new and shorter couimunication between the 
North of Europe and Italy. It is, in fact, such an undertaking 
as couhl hitrplly iiave beeu ever achieved if some recent 
mechanical and engineering improvenients had not come to 
its aid. The entire length of llii:i tuutiel is estimated at about 
12,220 metres. It« situation is between the railway station of 
Susa and St. Jer.n de Maurienne, west of the present highway 
from Susa over Mount Cenis by the Col de Fi-ejus, at an eleva- 
tion of 1338 metres or aliout 4100 feet above the level of the 
Mediterranean. The southern opening of the tunnel lies about 
6^ leagues west of Susa, near the liiuulet of BnrdoEL>che: hence 
the tunnel ascends by a gradient of i jwr 10(H) until the middle 
uf the mounuiu, aud then de.soeuds towat-da the northern 
opening of the tunnel, near the village of Moudone, with a gra- 
dient of 23 per lU(.Hj. On account of the great height of the 
mountain, no verticd shaft wjis possible. The present postal 
H>ad passes Mount Ceuis at an elevation of (J354 feet, and the 
height cS the Col de Frejaa ia i>166 Paris feet or 2978 metres. 



This stupendoaa work was began on the 3Iat August, 1857. 
At the present moment the excavations extend to 7-U) metres oo 
the north, and to 9A0 metres on the south side, and consequently 
10,630 metres are yet to be bored. Up to a late period the mining 
operations were performed by the ordinary method of manuiQ 
labour, but now new borlug apparatus has oeen adopted on both 
sides of the tunnel, and the work progresses daily at the rate of 
four or five feet. Still it is evident that ten years will hardly 
suffice to complete the work. The cost of this gigantic under- 
taking is estimated at sixty millions of francs, but probably this 
sum will be much exceeded. France has to contribute twelve 
millions of francs, but has not done so hitherto. If present cir- 
cumstances continue, it is to be feared that the works will be 
stopped. 

The work of boring is done by machines, which are moved by 
air compressed by hydraulic pressure. The water necessary for 
this purpose is obtained in the following way. The water which 
conBtanily pours down the slopes of the Alps, and which forms 
the chief supply of the little river of Bardoneclie, is collected in 
channels and large reservoirs, and thence conducted by large 
tubes to a building, iu which there are ten iron tanks in the 
shape of steam-boilers, each of which is furnished with a 
vertical tube of two feet diameter and fifly metres high. WhUe 
the water is conducted from the main lube into these tea secondanr 
ones, the air is conducted by a ventill apparatus, of which each 
tube has one, the air and water ia so conducted that the tanks are 
completely filled with air, and the tubes with water. The columns 
of water in the tubes now compress the air, wiih a force of 
22,000 lbs., which causes the air to issue from the reservoir with 
great force. A strong metallic tube eight or nine inches wide 
is conducted into the tunnel, close to the boring apparatus, where 
four tubes of india-rubber, secured by screws, bring it iu four 
cylinders placed horizontally, from whence the rotatory apparatna, 
which moves the Ixiriug instrument, is fed. This rotatory appa- 
ratus moves eight steel gimlets, each three feet long, which 
placed at an angle of 45° penetrate, pusliiug and boring into the 
rock. As the borers make 200 strokes each minute, the noise is 
terrible. The air cylinder, the borer, and the men at work are 
placed on an iron framework, which can be moved upon wheels 
rolling on iron rails. Ventilation, as well as the removal of dust, 
is eflCected by the opening of spiral air-valves fixwl on the iron 
tubes. The boring apparatus, made at the manufactory of 
Cockerill at Seraiug, are 9 feet long by 10 to 12 iuihes high. 
Each machine ;>erfonitea the rock, according to its solidity, to the 
depth of 2 feet, and a width of 1^ inch. On each surface of 
6 square metres, four holes, 2 feet long and 3 inches wide, and 
seventy or eighty holes of the same length, but of less width, are 
made. After all the boles have been drilled, which generally 
occupies six hoors, the iron fi-amework, with the boring apparatus, 
is dmwu backward in the shaft about 100 metres, aud it is closed 
by a strong wooden gate, for avoiding the projecLjon of stones 
when the mine is exploded. The method resorted to here is the 
usual uDo of gunpowder and a conducting train, but the four 
large holes in the middle are not loaded. After the firing of the 
mine the smoke of guupowder is expelled by means of the venti- 
lating apparatus, aud the debris of rocks carried iu small carts, 
on a lateral rail, to the lar-ge waggons at the entrance of the 
tunnel, and thence conveyed to the general repository of rock 
debris. The collecting aud removing of the rock debris takes 
also six hours, and thus the blasting can only be done twice a-day. 
There are two rails iu the tunuel, between which ia a conduit for 
the efllux of the water. It is altogether supported by a vault, 
that at the north end made of hewn stones, on the south side 
of bricks. Outside are the reservoirs and the building for tha 
machines to compress the air, a mechanical workshop furnished 
with a turbine, a large building for the officers, ."iud a manu- 
factory of gns for lighting the tunnel and the buildings. 



BIPROVEMENTS IN PARIS, 
Restoration of the Pulaii det Tuileriet. — The works of restora- 
tion at the Tuileries are progressing. At present the fonnila- 
tions on the south side of the building are carried on, which 
present many difficulties, on account of the river close by. it 
was required to go dnwu sisteen metres to find solid gronnd, five 
metres lower than the old foundations. The cut is finished 
on the whole extent of the works, except on the S.E. angle. AU 
the other excavations are comtdeted, and the beton has oeea cast 
on which the masonry is to be placed. 



OeLI, 18«S] 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



L...^.._„.. 

^^qoare of the Arta et M^tiera, will soon be finished. The front 
F is near its completion. It coualsts, on the ground floor, of tive 
round arcades, made of alternate voussoirs and triglyphs. Four 
of these arcadea lead to a vestibule of two rows of pillars, where 
are the bureaux, and iu the rejir the staircase of the first galleries. 
The fifth arcade leads to a passage for the servants to leavp^ <Scc. 
The tiret floor is lighted by five Large arched windows, the piers 
of which are omameuted by pillars which suppmrt the remainder 
of the pediment. Above vises the attic, pierced by six openings 
arranged in a centre, and above is the pedicucut. 

Enlargement of the Hoapilat St. Louie. — ^Tbe Board of Public 
Aid {lutUtance publiqxte) has undertaken very important works, 
amongst which the above is not the least It is intended to erect 
a new building for baths. It is situate in the garden of tlie 
hospital. Its plan forms the figure T, of which the lateral Hues 
are to be occupied by the baths, and the central building is to form 
the passage to the hydrotherapeutic rooms. The entrance-door 
leads to this passage, on which open on both sides all the rooms 
of the establishment. To the left ia the bath for the men. The 
walls are covered with marble up to the slopes of the windows, 
and the remainder is made of f'ortlaud cement, the ^'ault of 
Fayence, to avoid injury by the saline or sulphurous vapour. The 
baths are of enamelled casl-iron, and the doors of galvanised sheet- 
iron. To the right is a similar hall for the females. In an 
adjacent room are the iron safes, inserted in the wall, in which 
the linen of the bathers is dried. Beyond are rooms fur keeping 
the linen, the washhoase, with washing-machine and drying- 
machine, moved by steam. There are also rooms for diinche baths, 
for mnuing hatha, vapour baths, fumigations, and ferruginous 
baths. 

Tke New Opera Houee. — The works of this new tlieatre are 
pnahed on with the greatest actrvity, notwithsLinding the springs 
which have been met with. Excavations are made in several 
plaoea, and in some the brickwork reaches already the level of 
the ground, as is the case on the boulevards. In some localities 
the removal of the materials is going on, in which six steam 
engines are employed. The piles are then driven in, and the 
betoQ spread. Tlie cement, mortar, and betoa are conveyed on 
platforms above the lower workshop, where they are lowered 
into waggons, which convey them to the places where the works 
are going on. 

Squares projected in the Suburbe. — It is intended to build 
squares in some of the new arroudiasemeuts, like those which, 
it ia asserted, have given such favourable results in the interior 
of Pai'is, in a sanitary respect. Excavations liavo been under- 
taken in the 14th arrondissement, Montrouge and Plaisauce; 
iu the 2()th, Charunue, Belleville; at BatiguoUes, Greuelfe, &c. 
Surveys have been made for two extensive promenades in the 
south and north of Paris. On the other side the transformation 
of the outer boulevard, on the right bank of the Seine, is being 
proceeded with. 
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The Cement tued in the constructitfn of the Bridge over the Vietula. 
— When the building of the bridge over the Vistula, near Dantzic, 
waa begun, we had no hydraulic materials; and it was resolved 
to make for ourselves the ceiueut we were in need of, and a work- 
shop was constructed for that purpose. We shall state briefly 
the processes which were resorted to. We took two sorts of marl 
found in the neighbourhood, which were thus mixed, and their 
Qxdysis yielded the following results: — 

Carbonate of lime ... ... .. 64 

Silica ... ... ... ... ... 80 

Clay 4 

Oxide of iron .. ... ... ... 4 

Potaab(aoda) ... ... .. ... 1 

The marl was exposed to freezing, and was intimately mixed in 
two large mills; it was then formed into small bricks and dried. 
The baking process was done in four tub furnaces, after the sys- 
tem of Kumford, of the following dimensions:—- 

Height of the wmth of the fumaoo ... metres lO'OO 
Diameter of the furu-ice ... .. ... 2"60 

Dimiieter of the niijuth ... ... ... 1'26 

Height of tlio furnace, which is alao that of the grate 2-60 

Two men attended the fnrnacea. The filling was done every six 
hours. The cement was drawn from below, and the pieces too 
much or too Uttle roasted were carefully svparated. Every ftir- 



nace roasted 60 hectolitres of small bricks, and consumed 1 1 hec- 
tolitres of Newcastle coal. The cost for the making and pounding 
was about 25 francs for the cubic metre. The further prepara- 
Uon was done by eight mills, with movable plates, each of which 
contained a couple of vertical moulds; the plate made 22 revolu- 
tions per minutes; a tap of water served for making the cement 
on the mill, by adding a Uttle sand for mixing. Each mill pro- 
duced 13^ cubic metres of mortar per diem, consisting of 1 part 
of cement, 1^ part of sand, making by the volume 1 Wj^*. When 
beton was to be made, two drums were used, making eleven 
revolutions per minute, and mortar and stones were thrown into 
it; each drum made 68 cubic metres per diem; the engine work- 
ing at three atmospheres, without condensation or atop, and con- 
suming 18 hectolitres of coal. The experiments made for the 
sake of testing the strength of this cement under pressure showed 
that the resistance, which had been only 10 kilogrammes on 
the square centimetre after a fortnight, increased to 40 kilog. iu 
a month, and became that of 100 in six or eight months, and 
after one year amounted to 150 kilogrammes on the square centi- 
metre. — Deutsche Bauzeitung. 

Scientific Balloon Aecent. — A scientific balloon ascent for meteo- 
rological iuvestigatiouB ia shortly to be made in Prussia, under 
the dii-ectiou of the Berlin Academy, on the plan of the successful 
ascents of Mr. Glaisher, which have excited very great interest 
amongst learned societies abroad. A new balloon for military 
purposes, which can be made to ascend or descend by a peculiar 
apparatus attached to the cat, is stated to have been made by the 
French aeronaut, M. Goddard. 



CLASSEPIED LIST OF PATENTS SEALED IN SEPT. 1863. 



UOi Mllward, J. F.— Bre«eh-l«uUiig flraanu (oaa.)— Bby 10 

038 Seane, J.— SovolTinc finoniui— IfUreli 8 

64] »pcn«e, W.-ProJBctflm (com.)— Mwcb 10 
1108 NawtoQ, W. K.-Caniian and othrr ardmiDce (com.)— April t6 

Hi WjiUoi, T.— Breach -lowiiiig flnnnui loom.)- March 17 

780 Mathew, B. H.— nrMm» aud cwtiidgM— March SI 

821 Beaamont, W.— SIghte (or rilln.^ltanih IS 
1««3 WhltwortJi, J.-SheJU-Jane i 

972 Boucher, J.— Bifle ordoanoe and (IrMmw— March 39 

87S Parfrer, Y.— Breech loading flroanna— March 39 

981 Hjuria, A.— Kaaofactnre ofgon barrel* — April 7 
1061 Johnioa, J, H.— nrearmc (oom.)- Aoril U 
109» Leak. W. P.— Prmeotilaa— April 1« 
I30H Richardii.O.—Ordiuiuce -April U 

670 JohiuoD. J.— Steam boQers- March IS 

6TU WbitoD)or«, J., and Davii, F.— Apparatoa for sapplyiiig water to itenu ojucrs - 

March 1 
SSI Johiuoi>, J.— Appuatiu for deanliw floe* of iteam boilem (ouin.i— March 20 
S7A TowDMDd, C, VouDg, J., and HawlBas, J.— Meaoe of removing iacraiutioD la 

■team bollna- March SB 
Bit TophajD, J.— Apparalna for n^morinj tUe scdimcot ia ittiam lioUers— March 7i 

979 ThompioD, B. — Steam engine*— April & 

641 Parker, W., Batemao, O. H.— Steam enginea— March 10 
lOSl Park, J. -Steam eaginea— April 14 

788 Uttmphrqra, J.— Stoain sngiDei— Uanh 31 

881 Pirur, /.—Steam enginoa {eom.) — March 3G 

Oafi Kay, C, and Hartl«]r, W.-«t«an engines— AprU i 

091 Hanrjr, M.— SUiffli« boxea (com.)— March IS 
1967 Child, O. W. -CompodUoD for ahaft joimial boxei (com.}— July 8 

940 Bower, J.— MatAllic pbtoiw— April I 
806 HoUdax, W.— FlextUe valvea— March 13 

1008 Farrow, S. — Steam valvoa— April 9 

1839 BoaiAeld, O. — titeam etigine ralrea (oook.)— Jose 31 

769 Bmoman, R. A.— Botary enginoa loom.)— March 19 
644 Barolay. A.— TraoUon anginaa— March 10 

633 Blair.— Botarreoginea- March 8 

694 Ouy, . T.— Eiectto magnetic motira powor oogiiiia— March 5 

016 Beatell, E.— Appanitai for coauoeting and dJaoanaecling can and engioet um 
railways — Marm 7 

764 A'Beckett, A. M.— Railway usual appaiatiu— March 13 

709 Muir, M., Mell«ham, J. — Railway deepen and chaira— March 14 
1074 Broomaa, A.— Riulway can (com.)— April 14 

9S0 Blackbuni, B.— Labricaton for axlaa— April S 

9U Leopard, W.— Railway braka-AprU 3 
1011 AahborD, J.— Fermaoent way— April 16 
1796 HaMiina, Q.— Boob to railway can (com.)— June 17 

941 Toogood, M. B — BaUway oroatiogs-April t 

782 Booaer, W Rhipa' lire hearth and cooking apparatoa — March 17 

770 BruomikD, R. A,— Apporatoa for drawing in and paying out obaio cabl«i, Ac. 

(c»m.j -March 19 
1814 Poiuoaby. H.— Topaail dieet blU— Jane 21 

866 Owen, A.— Meona in rarying the pitch of tcrew propeHon— March 38 
1104 Warren, P. P.— Steering reaMla-April 16 
1601 HarriMn, J. F.-Coath^ ■hipa' boU4>m«— May 38 
9R7 Rcboar. O.— Sbiplog»-AprlI S 
730 Lord. W.. and Oilbort, F.— Apparatoi for raiaing and lowering ihipf' U>au— 

March 17 
981 Hnoter. S.—Aociion— April S 

787 Hart, J.— Ileani for Bfmerating staam — March II 

988 Watrem«<, J., and Kioth, A.— Apparatna Jbr indisaUog a dcSdsanr ef water ta 
•team generaton— April T 
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8|ii WlUiamioB, A. W.— ApMnUot fbr gdiaiMiint vIamii— Msrch 8 
list Iluut, W^ and Pochis, D. — Ooniteiuinf a{ipw«tu»— Jane 2T 
1U9 Pukes, A.— Harfaoe (xmdetiBen— April IB 

Mi Morewoodt, K.— M mm of thapiiig imn— Warefa tt 

»II Smitk, H.— AppwBliii ttt cMtifla Irao-April 1 

in BadoUii; K., KoA BUpmma. J. -Eurd«oi08 wire and erinalloe itcel— Hftreb 8 

948 Newton, W. — Maanfluitiue of ironuid itael (aom.) — April 4 
lt<l4 Qriathf, T. F.-Sbapiiif ibeet iroo— U>7 1 

BS4 D« Banr, K.— yachine for nuum&etore of cifan (eam.)— March 2T 

84M Katloo, B. — Hachioe for manntactare of boxat and wim March SI 

881 Uort, B.— Machioe for catting cork (com.)— March S9 
1019 ThsTMa, &— viachloe for cutting cork— April 9 

802 Uook, W.— Machioe fbr folding eoToIopei aud paper — March 81 

mi Tarnirr, W.— liread making machlnas— April 1 

SIT Hartley, B.— RaUiog or (tnifht«oiiig noUl ihafti, ipladloa. Ice— Aprfl I 

»S0 Piatt, •J.— Machinery tor appiyijig motive power April 1 

Hi Honter, O.— Hschloary tor itoae cnttiog— April I 
10S9 PMrie. J.— Bloving machine— *|>t11 16 

Ul Doddi, M.— Maehiaea for moaliliiig aad cutting Iron or other malleahle meteli— 

681 Bagaa, B. — Machine fur railing hamman and stampiog hot or oold metali — 

March I 
84T Flret, J. — Labricating apparaiua— March 10 
TS8 PendJeburr, J. and tT-Forii cf labricalar— March 18 
T88 Siebe, D. K.— Ha«hloe br wodiMiiig cold— March 11 
888 Smith, M., CoTcotry, A.— fathe* and nucUoea fiir (omlng and cnttiog lorewa— 

MardiST 
18T8 Tell, O., and Hayoea, W,— Machine tor maontactnre of leather— April 18 
IIW Stanton, John— Machine for (tamplngmetal wulien Iec. —April 18 
M8 Bartahone, Q., Ward, O^ Woolay, W.— Miebiau for pancbiog metal plat«a, &c. 

March 33 
848 Sdwarda, R.— Machine for polTerlainE and waahing mlDeial aobttaooea ftc— 

March 27 
*ul ()uitiard. A.— Madiioe for maunfactare of bona ahoe uaiU— March 18 
TM BJimpaon, M.— Machlue fur cutting tobacco kc.— March 19 

804 Barker, J. — Apparatni for caitlng drams, palllen, and other gear- Ifarch S 

717 Mc^dam, W,— tUock pallryR, weight*, &c. for windowi— March IS 

T31 IV Uk llaye de Barbenerea, S. M.— OooftracUoa othone ihoe»— March 18 
;:.'3 Hamilton, G. -Tumbler lock»-Martdi 16 

805 Holiday, W.— Preea pUtoe-Varoh M 

1019 Chri«topb, L^ Hswksworth, W., and Bwdlna, O. P.— Drawing metala— April 10 

118^ Uatlhew*. 9. P.— Viae*— April SI 

Itdi Jebliardt, J. J. H.— Fnileainn for bags Ac. (com.)— Jane 2 

170T t-AQcelott, J. — Mannbftun* ot arnAmental ohalna — Juie 14 

ids WUaon, B.— Hydraolic preasea— March 19 
)01T Newton, W. K. - Apparatiu for railing and fareiag wat«r Ac (com.) —April 8 
881 Nadal, J.— Portable fnalaln-Mardi 11 
OltS Ooyet, J —Water meteta— March 8 

T46 Memmons, M. -OooUng and filterlnc apparatus (eocn.1 — March 19 
T84 Waema, J. and W.— Ap[ianiliu for Indicating the quantity and prcanir*, and ia 

regulating th discharge uf doid't— llarch 17 
781 Hoagrenll, X.— Cold rapoor getMrator— Uartb 17 

I3T9 Fowler, J., and King, J.— 8t<waapMratiu for tilling grMind -May H 
till! fowler, J., Greig, D., aud N<>ddlngs, k.— Apparatus for tUling ground— 

MarcU 7 
i!8S Ball. C— ImplemcDts fur breaking up the toil— Maxell II 

718 Hunter, J.— iteapmg machines —March IS 

1845 lUwttino, 0-.— .Maoaioea for mowing, reaping, &c (com.)— Jane 33 
lM>i Koby. II. -Haymaking m«chlnoa— March ^ 

• 07 BoOiifleld. — Xlachioes for digging the earth for agricultural porpoMS (earn.) — 
March 14 

778 Samoeison. R. — Chaiuharrowa -March SO 

878 Herria, T -Machine fnr breaking land— March 19 

879 Ranaoue, R.— Thraehing wacblDo— Uardi 11 

V2S Warren, S. — Tmatmitttog p iwerforagricaltnral machinea— April 3 

V>0» Clark, w.—Maoofacture of manure {com.)— *prUl 

in Cotlau, O.and a.— Hnrticultaral baUdinga Jtc— March 14 

614 Wright, R. — Beating and clarifying laoeharine flnlda -March 7 

GII4 Soborisou, P.— Impruremenldiu yeu«, and iBaaBfacInn of ammonlcal (alt*, and 

a substitute for animal oharooal — Mardi 1 
1879 Johnsoa, J. H.— Slactro ToltalcpbUeworklarmadlcaland other purpoaes '.oom.l 

—June 30 
189( Betiay, C— Meana of galranUing or ooatiiif tnetala by deotto chemical agency- 
Jane 14 
1117 Abel, CD.— tUoy owtoining cadmium (com.)- April 17 

81S Uorewood, C. — Prooeag of coaling metala—Uarcb 34 

1'19 Madge, H. J. — Procesa of coaling metals — April 1 

7t)l> Rroomnn, R. — Maiinractiire of barylcs and barytic prodncta (com.) — March IS 

tSV Patterson, W. — Manufacture of iodine — >larch29 

81 J Kl<"<t. B.— Manufacture of soda water— March 34 
1144 Oliddi'Q, W.—Prucew of restoring plio^phatic guano (oom.; — ^prU 18 

ISO Do Ia IVyroaae, Leo. — Prtsorvatiou of animal aubitaacoa— Uanh U 

741 0<w«age, W. — ^lauofactureof sod j aud potash— March 17 

671 CiioyerL W.— Meana of currying leather— March 11 

724 Bobty, J. — KeSoing of sugar — March 16 

8^.1 Fryer, a.— Kefliiing of sugar- March 16 

143 Newton, A.— Apparatus for separating flbi«s of wood. Box, 8tc (coiB.)— March 27 

8S8 CliMold, W.— Carding enginea— March 38 

884 Plait, J.— Carding engine*— Manli 19 
1081 riatt, J., Rlchar<bua, W., aud Holland. W.— Carding eaginac—AprillO 

798 Abnrcroinbie, D.— Power loocna- March ti 

TM Dktttauld.J. U.— Power laom«— March IT 

108 ODocboud, P.— Loom fbr the man'ifactare of chenille kc — inrO 1 

■If Stewart, J.— Mauolactare of oudsfor wearing (com) — Marca 14 
1183 Ooombe, J.— Machine fur hackling lax, Ac,— April 31 

888 Poll*, A.— Machine fbr aeatchtng ILiJi ftc— March IS 

878 BdkoOeld. J.— ' eaving looms— Mai-cb 8 

797 Lord, Edward— Machine for preparing cotton — March U 

8tT Wood, T. H.— Apparatus far mannfacturs of artiflcial fuel- March : 

796 Fooienay, T. — Smuke cooiinmiug famaces 

881 Ituuier.'J'. - Appamtas for rooiovi'ig »lag ftom fumac .<•— March 18 

TIO Turner. W. — iiakinR arena -March J4 

8*1 tiuiiiiolf, i'. -Balling oven -Marcb li 

807 htMiry, M.— Kiiusandorens ^cuu.) - March 31 



»S4 Weleh,W.— It«gi«aritoT«aaiidflngn(«a— AjirU7 

»« llolcroft.— Blaatfliruacoa-Aprill 

814 Oulbal, T. Ventllatora for mioea and Ammcao— Mar:h 11 

888 Jennings. J. Q .— Cbimnoyi - March 1 

878 Tlllara. T,— Meoneofparlfyinggaa— MarchI 

084 Normandy, A. K. LeMlre de-Meaosofooonectina goa and utherpipea— March IS 
881 Brooman. R.— Apparatus for roguiating tlie Sow oTgaa {com.)— Unrch IS 
978 FieM, £,— Apparatus fur regulating the flow of gaaoous and other llold*-- March ^» 
788 Nowall, J.-.Meanaofia{9lyinggaa to railway can, tteanboau, omnibaaaa, Ac- 
March 11 

889 Smith, B.— Wetgaa aeters— March 38 

881 Ragoa, A. B.— Baetric olarama (eom I— March 1 

749 Boukn, J.— Boetrie mafnalic toi^gnph printing apparatua— March IB 

708 PatenoD, JL— Kleeiric telofntph eahlea.— March 14 

S81 Oaniibee. W.— Colour printinz-maohinos Corlotter-praaiorblock-priBtiag— Mat. i 

771 Cumning, J.— Apparatus for distribuliug and aettlng op type— Mordl 19 

916 Caalon, W., and Fags. O.— Caatiag piinting typas— April 1 

1147 Parkes, A.-BoUer8lfar iutfkoe-prinUng, kc-April 19 

1490 Ames, N. -8elf-fBeding card printing pnMa— May 18 

966 Bakewell, P. C— Letter prinung-maehine (com.)- April 8 

767 Brooman, R. A.- Printing and painting on gla 
robatanoea (com.)— March 19 



a, ceramic ware* ; alao en mrlollir 



1347 Caley, J. W., and T. O.— Textile fkbric— April 19 
018 Ball, T. and W., « Uktns, J.— Manufacture of warp (ahriet— March T 
028 I'iUlerson, W., tanilnrson, W. A. »u<l tt.— Finishing wareo fitbric* -March 8 
6^!l Cnumiicliam, J. and K. — Onuuneotal fabric -March II 
736 Wltkstuno, W.— Manuliutarv of pile«l fabrics- March 14 

768 Slack, S.— Manotacture of itockiugi, fto. in circular knittijig-machinfw— Moreb 18 
768 Brmxnan, R. A. -<-Laee embroidery, &c. (com,;— March 19 
818 HeuMO, H'.— Knitting maehiuea—Mareli 14 
948 WU«on, D.— Cotton praeaes— April S 
788 Kay, R. Printing calico— March 31 
862 Cumellan, J.— Treating open eoooona of silk— March 27 
944 Kemp, W., and Cowley, 1.— Pile fabric*— AprU 8 
Rity ^cluooilc, B.—CriDoUnea— March 81 
7ie ttmadja, J.— Buotle* and erinolinea- Mnrdi £ 

776 Hill, A.-FaBtaiing for cUyii— March 10 

1162 Callebattt, C— aewing macfhliMM, 

3040 .Ncwtoo, A. v.— Sewing-uachinei fcom.)-March 18 

788 Boujdeld, 0.— Cnmka tor driring sewtng-macfatnaa fooai)— March IT 

901 elements, J. M. — Sewing machinea— Mar^ 81 

891 EdnwndMn,0.— Washing machine* -March 8 

889 Yoaug, B. — Apparatua for waahing and dryine gntin— March 8) 

tv> Piatt, J., and Kidiardson, W.— Machine for cleaning cotton from aeeds- March 8 

1261 Newton, Vf, E.-Ma«Uae« for picking and cleaning wool he. (com — tpril S9 

897 Somervlll, J,, and R. M., and Diane, U. UanufiMture el boot* and «ho«a — 

March 6 
600 baatock, J. Mannbcture of boot* and shoea— March 6 
087 Wadsworlh, Jome* Moveable heels for boot* oboe*— March II 
738 Stoeker, B., and K. Metal boj^beeU, tips, and horae-ahoes- March 17 
161S Boiaaet. P., and Antogninl B, Manufacture of boots and ahaea May tn 

646 \o«wortl]y W.S. Pianofortes —Martb 19 
fSM Clintiin, J. Flutoa— .Mart:h SI 
1248 liamsoo, G. K. Valre* fur wind musical Initrnm^nt*- April 38 

798 Daris J. Wind musical InstrumenU — March 33 

715 Petit, O. B. Apparalns for heating water Ac.— March 16 

799 Oladstooe^ R.— Tipping wagnna—Mardi 32 

884 Clark, W. Apparatus for maidfold writing (com.)- April 3 
941 NewtoD, J Oonstrnctioo of breakwater pirn Ac. — April 8 
1044 Hathiaa, J. Apparatus for preaaiag and ironing atraw hat*— April 11 

777 Smith, K.— Apntfotualor egtiing ftone— March 20 
80S Jennings, J. — Manu&etare of Maeoila 

808 Brieriy, H.— Claep* fbr reversible belt* Ac— March 34 
S38 Mnnn, H.— Mangle* — March M 

860 HaascU, T., aud Burke, M. Invalid chain &c.— tprll I 
108U HoUaud, H— Hanafitctore of Jolota in umbfvllas dtc— April It 
849 Richards, W. A.— Bag locka, bst«nings Ac.- April! 
961 u oodaU, J. r.— Venlllatiug carriage* 4cc.— April 4 
liiu Pope, J.— Apparatua for lowering and loading coaU 4cc,— May 13 
1811 Wood, J.— Manufacture of driving strap* or bunds jcc. — Jun« 19 
TOS birkbock. O.— Tru*«» (aom.)-Man}h 14 

TU'J GaUer. L., andZingler, M.— Manufacture of article* in ivory and bon*— M*r«b li 
711 (>>le*, A. and W.— Tniaies for cases of bemla— March 18 
714 Kottulo, N. UauuCacture of comUoed aoapa— March 18 
ISVA Oxley J.— Apparatot for madiing 4ic. — May 9 
14UI 'i'huiuuson, N. - Mopiwra for botUos, jars, aic. — May 16 
1004 8aubdeni, U., and VUes, H. J— Vrnetian blinds— May 38 
807 Shipley. O. J.— Hridle beads, reins, and bits,— March 7 

840 Uruumaii, R. -Pbotognipby (com.)- .March 10 
$4l Mann. A. — Pbotqgrai^c apiiaratua- April 8 

841 Calow J. T.— HaJety mlciug avporatuj applicable to bolat*— March It 
867 Camp, E. O.— Bnube*— ^arch 11 

669 WUsoo, T. B.. and lA'.— Apparatus for splitting cane March tl 

9S9 Mortou K.-Hefrinrotan— April 8 
IflS Kirk, A. C.—Kefrigerator*— April 16 

668 Martin, L., and Penfold, 0.- Candle lamp— March 1 

681 Palmer, W. — Mauniactare of candle* — juarch 8 

988 Helme, W.— Fire ligbter*- A prii 1 
1S83 Firldeo, H.— Lamp* and signal* for Ugfatbooie* Ice. —April SO 

913 Moorv, T. -Kiahlng Uckle-April 3 

679 Bedbomneh, A.— Pillar letter lioies and bag* — Karch I 

688 Sobafer. P., and X. - Pbrtmonteani &c— March! 
S161 White, H.-Sbiri oollan-July 80 
1107 Newton, W. E.— Sotting artificial teeth (com.)— April l« 

882 Davla, O.-Attachlog artificial t««th (com.J— March 11 
1767 Langbottom, A,— Artificial ftatie— Juno 13 

668 Kanubret, 0., aud J.— Uruamcots forbui dings— Match 11 

860 Blrkbeck. H. — Imitation moaoics .oom.)— March 37 

907 OooUid, C. P.-1Val«be4-Apri) 1 

924 Scniton, O.— m indxiw blhida— April 3 

894 Lord, W. B.-Hametlip- March 81 

891 Tyler, W.— Con position for feeding dogs, poultry, &c. -March 31 

847 lelhanaen, F. -Cigar tube* Uc. «oob. /— tiorcb Xi 
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ORNAMENTAL KEYBOWS IN THE INTERNATION.iL 

^— EXHIBITION, 1862. 

^^K ( With Engravingi.) 

^^ Thz varioua designs which are illaatrated in onr plate com- 
plete the aeries comtueuced \aa\. month, and as the same principle 
of manufactnre has been applied throughout, it is needless to 
add anything, by way of description, to what was then given. It 
will be remarked, however, that in the present plate the subjects 
are larp^er and more elaborate, also toat the centre one is a 
strictly masonic design, in which an attempt has been made to 
combine several of the symbols and raoltoes usihI among the craft 
jmplete and symmetiical manner. 
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THE PROPOSED 



OF ST. DAVID'S 



RESTORATION 
CATHEDRAL. 

FKOKtbe remote and truly secluded situation of this cathedral, 
it is a building which has been but seldom visited by the archi- 
tectural tourist, independently of which, the dilapidated and 
forlorn condition into which it has from varioua causes been 
allowed to merge, otfei-a a marked contrast to the most itl-fated 
of our English structures, which, however badly they may have 
been treated, have not been suffered to need substantial repair 
by reason of the imminent peril to which their walla are now 
exposed through the unchecked ravages of wind and weather 
during saccesaive generations, as ia the case at St. David's. In 
point of architectural interest, too, though it must undoubtedly 
yield to the greater pretensions of many others, there is a vast 
amount of curious and excellent detail, which, from this very 
fact of ita having been left comparatively intact, is invested with 
a pecular interest. 

Some years ago the History and Antiquities of St. David's 
formed the sobject of an elaborate and well illn9trate<l work, 
compiled by Messrs. Junes and Freeman; and this l>ook has un- 
questionably assisted, if not in a great measure raised, the move- 
ment which is now in operation, with a view to the preservation 
mod gradual restoration of this valuable architectural 8[.)ecimeD. 
A report on the subject has been recently l.iid before the cathe- 
dral authorities by Mr. Scott, and we shall presently briefly 
extract from such portions as indicate the peculiar necessities of 
the case, and the mode iu which it ia recommended that they 
shall be met. It is perhaps desirable however that some iotro- 
ductory allusion should bo made to tlie history of the cathedral 
itself. One of the most curious of these is, that apparently no 
traces remain iu the existing structure of the original builJiug. 
The earliest portion of the present cathedral dates back to about 
the year 1180, when Bishop de Leia appears to have commenced 
upon a plan exactly co-extensive with the existing building, with 
the exception of the chapels eastward of the choir and trausepls. 
This period of rebuilding was one of especial importance in the 
history of Medisfval architecture, bein^; the exact juncture at 
which the Romanesque or round -arched style was in a state of 
transition Into the pointed-arched style now veruacularly known 
as Gothic; being, of all periods of our old architeclure, the one 
which is most strongly characterised by energetic etfort and rapid 
advance. It was just before this that the Clnircb of St. Cross, 
near Winchester, had been erected, which is a most marked 
type nf this great transition. Simultaneously with the work at 
St. David's, the rebuildiug of the eastern portions of Canterbury 
Cathedral was being brought to a cotichision in a manuer which 
establishes it as one of the great landmarks of church architec- 
tore; at the same time, also, Archbishop Roger, of York, and 
Bishop Pudsey, of Durham, were carrying on the same great 
work of art reformation in the North; while, iu tlie South, the 
rebuilding of the Abbey of Glastonbury was iu progress — a work 
which evinces a very direct relationship to that at St. David's. 

The whole of the bailding as erected at this period was, so far 
as we can tell, prepared to be vaulted with stone, chiefly on the 
principle designated by Professor Willis as " sexpartite" vaulting; 
although it would not appear that any part of the vaulting was 
actually carried into execution. It is not known how long the 
work, commenced in 1180, occupied in its completion, or indeed 
whether it ever was completed at all. Unfortunately, in 1220, a 
sad catastrophe occurred to the new work, in the fall of the cen- 
tral tower, in which it would appear that the choir and transept 
suffered severe injury. The piers and arches which support the 
tower afford distinct evidences of the reoonstractiou after this 




catastrophe; the western arch, with its two piers, belonging to 
Leia's work, while the three remaining arches are the result of 
the reconstruction. 

The choir, it may be assumed, owes its general design as now 
exhibited, to the reconstruction after 1220, and the same probably 
extended to a considerable degree to the eastern sides of the 
transepts. About this time, too, that extensive addition of 
chapels, which subsequently so much altered the eastern portion 
of the church, would seem to have been commenced, and the 
aisles of the choir were prolonged far to the eastward, and con- 
nected towards their extremities by a cross aisle, having on its 
eastern side arches opening into (or prepared to open -into) a 
lady-chapel; by which arrangement a void spuice, open to the sky, 
was inclosed between this cross aisle and the east end of the 
choir, to avoid interference with the light of the east window. 
This scheme, though a peculiar one, is not an isolated example; 
a similar plan having been carried out at the east end of Glouces- 
ter Cathedral, as well as in the Abbey Church of Tewkesboiy, 
and the Priory Church at Great Malvern. 

Bishop Gower, who held the see from 1328 to 1347, seems to 
have been one of the greatest builders of his time, and he set 
about a general work of assimilation of the somewhat discordant 
elements of which his cathedral consisted. The entire aisles of 
the cathedral, whether of the nave, the choir, or the eastern 
chapwls, appear to have been in a greater or less degree recon- 
structed and remodelled by him. Tfiose of the nave were altered, 
and one, the South, entirely rebuilt, with many other decided 
changes of various kinds, indudiiig the erection of the rood-screeo, 
and the introduction of a considerable number of rich and beauti- 
ful monuments into the cathedral. In the succeeding ceottuy, 
and the beginning of the one that followed it, a number of minor 
alterations were made; but the most important works were the 
conversion of the void space beyond the east end of the choir 
into an exouLsite chapel, by Bishop Lloyd— though the improve- 
ment was dearly purchased at the loss of the east window — and 
the reconstruction of the roofs generally, including the gorgeous 
roof over the nave, &c.; thus giving to tjie church, iu the main, 
its present form, subsequent changes belonging more to the 
history of its degradation than its construction. This general 
outline will suffice as a key to the past, and will help our refer- 
ences, in regard to the future, as embodied in the report to which 
we have alluded. 

Tlie first great case of dilapidation instan(ied by Mr. Scott, 
relates to the tower, which is placed, as usual, at the intersection 
of the four arms nf the cross, and of which we have already stated 
that after the fall of the hrst tower, in 1^20, the two eastern 
pieri», with three of the arches, were rebuilt; but the western 
piers, with one of the arches (subject to some increase of strength), 
were allowed to remain. This might have been set down from 
the first as a dangerous expedient, and so it has proved. The 
old portions which remained have been constantly crushing and 
giving way, and the older an<i newer parts hive become disunited 
to a moat marked rlegree, which other causes have (ended to 
increase; so that the present condition of the tower is in the 
highest degree alarming, more especially since, in consequence of 
the fact that of its four supports two are sound, while the other 
two are wholly untrustworthy, an ominous crack is vifsible up 
the north and south sides. To remedy tliis great failure, it is 
proposetl to construct an efficient system of shoring, such as 
would be capable, if necessary, of sustaining the entire load 
which now rests ujion the damaged piers. The general course 
to be followed would be this: — Ist. To bind together the walls of 
the upper stage of the tower with massive ties of iron, aided by 
stays of timber, ao as to render it impossible for the walls to 
spread: then to construct incompressible foundations, upon which 
the shoring is to rest. 2nd. To contrive and frame the shoring 
necessary k>r the purposes just stated. The o[>eration of recon- 
struction would be done very gradually, and iu small portions at 
a time, a movable system of shores beiug used to sustain the 
work in immediate contact with the parts operated on, and capa- 
ble of being shifted from time to time as the work rises. 

The nave has suffered materially from the sinking of the west 
side of the tower, and this has occasioned a westeny movem<»nt 
tliroughout the whole of the nave arcade and clerestory, throwing 
all the pillars out of the perpendicular, and crippling and dama- 
ging the arches and many otlier iwrts. Mr. Scott " fears that it 
would be useless to attempt to rectify either of these displace- 
ments, and that the utmost which can be done will be to prevent 
further movement, and to repair the direct injury which has been 

n 
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I'jstained by the Btnnework." Externally, the nave requires much 
repair and restoration, aa well as the coiupletiou of its cleaning 
from whitewMsh. The clerestory, too, has been sadly mutilated; 
and, of its windows, some have been walled up, some altered from 
theiroriginalforma,andtliepnmpethaabeeneDtirelyrenewed in the 
most uncouth manner. The north wall is buttressad by huge and 
UQsightly masses of stonework. Some of these would appear to 
be connected with the ancient cloister of the college, and the 
ijuestion of their treatment must, for this reason, depend upon 
circumstances. The west end has been entirely rebuilt, aud that 
with very little regard to its original design. This old design can 
in some mejisure be recovered oy the help of prints, &c., aud 
Mr. Scott therefore proposes to reproduce it so far as it is possible, 
but retaining, with some moditication na to their forms, some 
of the present constructive features. Passing by some minor 
facts alluded to in the report, we read concerning the choir, that 
its "interior stonework is not in very bad condition," though 
" the arcades are at present walled up, in consequence of the 

unroofing of the ai:)les The south aiale of the choir 

is partly a ruin, and p;irtly converted into a porch, or thrown into 
the modem church, wliich has been formed out of the south 
tmnaept." This will have to be brought back to its orie:iual form, 
re-poofel aud restored. The aisles will have to be newly floored, 
but the eastern arm itself hiis a tiue old pavement of Gncaustic 
tiles, which will of course be preserved. In one of the altar- 
steps is a singular relic of ancient ritual usage — viz., the mortice 
which originally received the lectern for the Gospels aud Epistles; 
such iuslaucts are now rarely to be found. The original east 
windows were in two raugos; a beautiful triplet below, and a 
group of windows (now lost) above ; the former was walled up by 
Bishop Vaughan, aud the latter was, in the l/3th ur 16th century, 
convertei.1 iuto a window of the style of that period, and this, 
being now quite decayed, will require renewal. There is a build- 
ing, adjoining the north transept, which contains on the ground- 
floor the chapel of St. Thomas ; and above, the chapter-house, 
and another still higher chamber. This buildiug is m.%inly of the 
14th coulury, and was of very excellent design, though now 
re<luced to a miserable condition. 

From an examination of the interu&l fittings it appears that 
the stone screen of the choir (the work of Bishop Gower, and in 
part his monument) is in a fair state of repair. The choir stalls 
also (the work of Bishop TuUey) are in a tolerable state of pre- 
servation ; while the bishop's throne, as well as the eastern screen 
dividing the presbytery from the choir proper, demand extensive 
repairs, aud the renewal of some portions. This latter screen, it 
may be noted, is remarkable for being unique in its position. ITie 
choir is now filled with the iiuseomly pewa so common till lately in 
all our cathedrals, and these wiU necessarily be replaced by entirely 
new and more suitable fittings. 

There are some questions open to considemtion as to matters 
involving a certain degree of departure fh)m the forms in which 
•andry portiond of the building have come down to us. Thus, all 
the parts of the buililing have been either vaulted with stone or 
pre{>arod for such v.aulting. In a great majority of instances this 
am never been carrieti into execution ; and the question arises 
whether, in a restoration of the buildiug it would* be right nnd 
expedient to carry out this intention of the builders, or, if the 
walla are iuauflicient for its 8up[>ort, whether the intended fonns 
may not be carried out in «»k. Against either of these proposals 
thi^re are, as regards the ehoir, objections ; in the one case insu- 
perabl«?, and in the other of considerable force. As regards the 
nave, tlie objection is twofold: first, the walls ai-e not in a con- 
dition to support stone vaulting; and, decoudly, the existing roof 
is so beautiful as to render the idea of any change absurd. The pre- 
sent choir roof, though not particularly firm, possesses some beauty 
and liijitorical interest, besides being susceptible of reparation, 
while the addition of stone vaulting would be a rash experimout, 
and there is also an uncertainty as to the design of the ouce- 
interided vaulting. Such objections do not, however, occur as 
regards the transepts, where the roofs are worthless, and the 
walls will not carry atone vaulting, so that there appears no objec- 
tion to compl&tiug the original design in oak, since its itidications 
are clear. In one instance in the cathedral, the ^^yatem of placing 
timber v.aulting upon stone springers has been carried out by the 
oid, though not the original builders, and that is iu the vaulting 
within the tower. 

The estimate as to the cost of the works enumerated in the report 
is from £27,600 to i;3(),CK.>0, according to the mode of carrying oat 
eertaiu parts, which have been left open to coosideratiou. 



MODERN ARTILLERY. 

Few departments, if any, in the Inlemationa] ExhibitioB of 
1802 show so marked and rapid an mlvauce in inventive genius 
and constructive skill as those devoted to the appliances of war, 
not only as seen in the plated vcssel.% deemed until recently 
practically iuvulnei-uble, but more especially in the terrible ord- 
nance and ammunition with which the ai-lillerists have taken ap 
the challenge of the anuourers. 

The once famous Lancaster gnn, with its oval spiral bore, is 
exhibited, it may almost bu said, as an olisolete engine, having an 
interest chiefly historical; aud showing the first general apfJica- 
tiou of rifling to large guns in the British service. The substi- 
tution of bolls for round shot, the successful um of percnssioti 
shells, and the singidar advantages found in special modes of 
constructing the front and rear of a projectile, lUl take their rise 
from tlie adoption of rifled ordnant.-e. 

(.'aptain Blakeley's gun is conspicuous for its peculiar form of 
rifling. It is also deserving of notice as an early application of 
the system of building large guns by means of hoops ]>laced over 
an inner tube. It has been asserted that the idea originated in 
America; but be this as it may, to Ca])t4iin Blakeley appears due 
the prominent ndvocsicy nuil wo^kiu^; out in this cnuntrv of a 
principle which, with certain modilicntions hiis been adopted 
generally iu the tnauufacture of our heavy ordnance. We must 
however except the ponderous Mersey gun of 10-inch calibre, 
which, with a charge of 20 lbs. of powder aud a 136 lb. round 
shot, shattered, at 210 yards range, a 4^-iuch iron plate, the frag- 
ments of which are displayed beside it. This gun, forged oat of 
the solid, is itself eclipsed by the monstrous pi^ce of ordnanoe 
from the snme makers, of wliich aach successful trial was made 
at Shoeburyness in September. 

Attention however, both within and without the Exhibition, 
mainly centres on two groups of guns and missiles; those exhibited 
by the War Department, and those of the Manchester Ordnance 
Company, — the Armstrong and the Whitworth. 

Tb«» principle adopted in the A nnstrong ordnance and projectiles 
is auflieientl}' well known. The bore is c^'lindrical, aud rifled 
with spiral grooves. The projectile has a coating of lead, aud 
this metal being driven into the grooves on the discharge of the 
piece, the required spin is thus given. In speaking of the 
projectile it is impossible to omit to mention the concua* 
sion and time fiises^ with which the shells made at the Royal 
Laboratory at Woolwich are fitted. These shells and fuses are 
shown in section under a sheet of plate glass, with exphinatory 
diagrams. The principle is very ingenious and beautiful. The 
rupture of a piece of meLiI within the fuse is occasioned by the 
shock of firing. This liberates the detonating mechanism, or 
fires the time fuse, na the case may be. In the former cose, the 
shell bursts on striking an object; in the latter case, the explosion 
takes place any required number of seconds after firing, as regu- 
lated by the aid of a graduated scale on the fuse, it is, per- 
haps, scarcely necessary to add that these fuses are applicable to 
shell fired from any description of rifled gun, aud that their 
merita have therefore no essential connection with what is known 
us the '* Armatronc system." The guns turned out from the 
Royal Factory at Woolwich are admirable specimens of work 
ranuohip; and aa not only the undoubted abililie&of the inventor, 
but all the scientitic and uiiiteriai resources at the disposal of the 
Gov^emment, have been lavished on the improvement of the arm, 
it is reasonable to couclude that it is as efficient in all respects as 
ordnance made on this peculiar system over will be. We mnst 
also suppose that the authorities of the War Oflice felt j>retty 
well satisfied before onJering upw.onls of 4,000 guns to be made 
on the Armstrong principle. 

But however pteoaaot it maybe to take the most favourable 
view of a weapon iu the construction of which such vast sums 
Imve been expended, and for which a special drill has been intrw 
ducbd into the serWce, the facta can no longer be disguise^l. The 
Armatroug gun and projectile have serious inherent imperfec- 
tions; have proved unequal to the contest with the armour plates, 
if success is to be measured by practically useful result*); aud in 
precision, range, and penetration have on every fair trial shown 
a marked inferiority to the Whitworth gim and projectile. 

Such difliculties have been found to oppose the succesafol oos- 
structiou and satisfactory working of breech-loaders after Sir 
William Armstrong's pattern, that after all the care devoted to it 
the naval gun must be reg:uded as a failure. In military service 
the liability of the lead coating to strip, and thus endanger troops 
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^^pfver whose heads it may be neceaaarj to fire, is n serions drawback, 
^^nrhich seems to be scarcely compensated by the clrcuuintftuce that 
^^the scatleriog of the lew] also increases the executiou among the 
I enemy. This evil is found to prevail chiefly when the lead 
coating is soldered on after Sir W. Armstrong^'s luelhod. When 
attached by undorcuttiug, ou Mr. Bo&hley Britten's plan, the 
I danger of stripping is couiidered to be much ahateil. 

In the contest with tiie Armour plates, the Armsti-ons gun 
: cannot be considered to have come off with triumph. Within 
I the limits of weight ordinarily assigned to ship's guns, no Arm- 
i atroug ordnance has etfecled anything iig.aiust the "Warrior 
target," even with solid projectiles. So completely, indeed, had 
I the plates foileil the rifled gun, that the opinion was expressed but 
a few months since by a high authority, that the massively plated 

L sides of such vessels as the Warrior ail^ Black Prince could, at a 

^^Ui'^rt range, be more effectively assailed by roaml shot from 
^^Mormous smooth-boi-e guns than by bolt« from rifled ordnance. 
^^r"or any given calibre and charge of powder the rouud shot, hav- 
ing less weight than the bolt, is more readily set in motion, and 
therefore issues from the muzzle of the guu with greater initial 
velocity. This velocity indeed is rapidly reduced, while that of 
the bolt is but slowly retarded, so that the bolt retains great 
penetrating power at ranges at which the force of the round shot 
la entirely spent. But at 200 yards the round shot strikes the 
target with about the same momentum as the bolt, and with 
greater velocity. It was therefore thought that at such short 
nngea the most destructive missile would be the spherical shot. 
In this h.isty inference no account seems to have been taken of 
the form and material of the front of the pro]> ctilc; the tendency 
of spherical shot to glance from a t^urface struck obliquely; or 
the comparative fituess of round cast-iron and aharp-edged steel 
for perforating iron-plate. The idea of the moment was, that 
under certain circumstances it would be necessary to abandon 
the improvements of science, and fail back upon the h.ixardous 

^d costly expedient of monstrous smooth-bore guns, with 
smendous charges of powder. That .such artillery would 
idily destroy any plate<l vessel that could be induced to anchor 
within a furlong of the battery, there can be uo question ; and until 
the experiments atShoebnryness in September last, it seems to have 
been presumed that equally destructive results could not be 
obtained with rifled ordnance of moderate calibre. To shell, 
vessels protected with even 2^incb plates were ofmsidered iuvnl- 
nerable, unless under a plunging or vertical tire directed ou their 
•leck.s. The Armstrong shells having alwa}'.^ failed to penetrate 
the plated targets, this point at least was regarded as settled. 

In the Autumn of lost year a 12 ton smooth-bore gun, with a 
charge of 50 lb. of powder, aud a 156 lb. ronnd shot was used 
against the " Warrior target" at 200 yards, aud did considerable 
damage. But the effect of these heavy charges iipon the gun 
itself were very discouraging, and augured but ill for the 20 ton 
gun then projected, as to the j>erformances of which the most 
sanguine predictions hail lieen hazarded. This 1:2 t»tn gun had 
been built up with extwnal hoops of coiled wrought iron, after 
tiie method already alluded to, and practised for yeara by Mr. 
Whitworth and other artillerists; although by a curious misnomer 
it has sometimes been spoken of as the " Armstrong coil system." 

In the Whitworth guu, rifle grooves aud the consequent occa- 
sion for a lead-coated projectile are avoided. The bore is hexa- 
gonal, with the requisite twist, aud the shot or bolt ia ma^le truly 
to fit the bore. The form and proportions of the projectile, antl 
the rate of spin best suited to each calibre, have been arrived at 
by means of careful aud exhaustive experiment. This rate of 
spin is in every case rapid as compared with those adopted in 
the Armstrong gun. The projectile as well as the gun being 
fiuisiied in a lathe, the axis of the former always accurately 
corresponds with that of the latter, so as to secure perfect smooth- 
ness and steadiness of motion as the bott issues from the gun. 
Instead of the projectile being retarded by the clinging of a lead 
coating iu grooves, the friction is reduced to a minimum; aud in 
the breech-loading I :i- pounder the bolt, close though thelitis, 
cau be trundled from the breech right out at the muzzle by a 
thrust with a stick. This mechanical exactness of finish sufilci- 
ently accounts for a greater initial velocity in the Whitworth as 
compared with tlie Armstrong projectile. The same cause, 
conpled witb the greater rapidity of spin, fully explains the alto- 
gether unrivalled precision of shooting of the Whitworth gun; 
and it ia doubtless ruainty to these properties that the remarkable 
advantiige in range which it has bten proved to possess over the 
Armstrong gun ia attributable. But the flight of the Whitworth 
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bolt is also assisted by the manner in which it is tapered townnls 
its rear, for much the 8;irao reason that the sailing of a vessel is 
improved by reducing the hull towards the stem. 

But length of range and precision are not the sole qualities to 
seek iu arlillury. The destructive power of the projectile itself 
is a most lUHterial point. In this respect the solid shot of 
Mr, Whitworth have now for a long time held an uncontested 
superiority. His flat-headed hardened bolts are found, after 
passing through several feet of water, to retain sufficient penetra- 
tion to go through the unprotected bottom of a ship. Above 
water they riddle the thickest iron-plates hitherto employed for 
ship armour, aud this even when they strike obliquely. The 
o^-inch calibre bolt that pierced the plated side of the Trusty, in 
May 1860, is exhibited among other projectiles, and really looks 
not much the worse for the encounter. 

But the performances at Sheoeburyness in September lost 
throw all that had been previously eflected into the ahade. A 
Whitworth flat steel-fronted shell, weighing (with its bursting 
charge of 2i lb. powder) 70 lb., was fired with only 12 lb. of 
powder at a target representing the aide of a plated vessel. 
The outer plate was of 4-inch iron, behind which was a strong 
oak box, plale<i at the, back with 2-inch iron. The range was 
2fX) yards. The shell went through the 4-inch plate, and ex- 
ploded hehind it, shattering the Imx to pieces. The proiiuction 
of a shell of such mo<ierate calibre, capable of piercing the 
thickest armour-plate, and exploding by detonation a/ier pene- 
tration, must be regarded as the greatest triumph yet achieved 
by any artillerist. At 6'Xl yards the 130 lb. 'Whitworth shell 
])ierced the target and backing, exploded inside the framework 
with destructive effect, setting the supports on tire. The charge 
was 25 lb. of powder. When it is remembered that these shell 
will pierce water; that they will not glance from iron ev^en at 
very oblique angles; that they retain great power of penetration 
at ranges of upwards of 1000 yards, and that they require but 
light charges of powder (compared with the monstrous aud 
inefficient guns hitherto advocated), it will be seen that the im- 
portance of the invention can hardly be overi-ated. 

We are not of thoae who would argue that because much has 
been accomplished, more should Ije requireil. It is surely enough 
tl>at the Whitworth ordnance has eHocted with moderate calibres 
what the moat formidable guns in the service, though over- 
strained, have failed to achiuve; and shelled a target previously 
deemed invulnerable to hollow projectiles. However deeply 
committed the country may be to further expenditure on the 
Armstrong gun, it would be a disa:}trou3 economy to intrust our 
defences any longer to a second-rate and baffled weapon, leaving 
its terrible rival to become the piize of some watcliful and 
emulous neighboar. 

INTERNATIONAL EXHIBITION, 1862.-JTJRY REPOKT. 

CLASS VIII.— MACHINERY IN GENERAL. 

Subdiviition I. — Prime Movers, 

SECTfoy I. — Boilers, Furnaces, &c. 

With a few exceptiona, the actual boilers exhibited (as distin- 
guished from drawings aud models) belong to traction engines, 
or to portable or semi-portable steam-engines; and those boilers 
are marked on the whole by efforts made with greater or less 
Buccess to economize space, and to facilitate cleansing and repairs 
by means of impi-oved arrangements of the heating surface, or 
otherwise. The fr»l!owiug examples may be cited: — Hrav's 
traction-engine (United Kingdom — 1805), Ransomes aud Sims' 
portable steam-engine {United Kingdom — I'JGl), J. Taylor and 
Co.'s traction-engine (United Kingdom — 2004), Tuxford and Son's 
engines (United Kingdom — 2195), J. F. Call and Co.'s engine 
(France— 1 144), Farcot and Son's condensing steam-engine (Franco 
— H5i;), Hediard's boiler (France — 1131), Laurens and Thomas' 
boiler (France — 1 151), Zombeaux's portable boiler (France — 1 137), 
Albaret and Co.'s portable steam-engine (France — 1207), Henschel 
and Son's boiler-tubes (Hesse-Cassel — 434). 

Many of the boilers are provided with the means of super- 
heating steam, cither by passing it through tubes in the smoke- 
box, or by enclosing the steam-chest in a smoke-box or flue. 

Ia the engine exliibited by Mr. Wenham (United Kingdom— 
201d), the steam, afler having performed part of its work in a 
smaller or high-pressure cylinder, is supplied with heat while in 
the act of exfmnding during its passage from that cylinder to the 
larger or low-pressure cylinder. This applicatiou of heat to steam 
is at once sound in principle and successful in practice. 
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The most new and unusual in form of the boilers exhibited is 
that hj Mr. Harrison (United Kingdom — 1877), which is an 
American invention. It coosiats of a number of hollow cast-iron 
globes, all equal and similar, connected with each other through 
cylindrical necks or short tubes, the whole being bound together, 
in a rectangular arrangement, with wronght-iron bnlta. A 
boiler of any required size can at once be made by building and 
bolting together the proper number of globes and necks. The 
water and steam are inside, the fire outside. 

M. Grimaldi (Italy — 1001) exhibits a cylindrical boiler, contain- 
ing either flues or tubes for the flame, and turning slowly about 
a horizontal axis, so as to bring every p.'irt of the surface in con- 
tact with the liquid water and with the steam alternately, in 
order to increase the efficiency of the surface in raising steam, 
and prevent over-heating and corroaion. 

The boilers shown by Mr. H. Cater (United Kingdom — 1814), 
(presenting a peculiar arrangement of tubes), although they were 
set up too late to be the subject of an award, may here be men- 
tioned, as being at work in the boiler-yard of the western annexe, 
with satisfactory results. 

The following articles fall especially under the head of furnaces 
and their appendages: — 

An apparatus for promoting perfect coinbufltion nnti preventing 
smoke, by using very small jela of steam to blow streams of air 
into the furnace, ia exhibited by Mr. D. K. Clarke (United King- 
dom — 1622). Its practical success has been well-established. It 
is at work in the boiler-yard. 

Siegburg's improved grate (Prussia — 1320), and Schulz, 
Knaudt, and Co.'s tire-box (Prussia — 1318). 

In M. Hubazy'a portJible engine (Austria — 569) the furnace is 
adapted fur the burning of straw, a most uaefal contrivance 
•where other fuel is scarce. 

The appttratus of M. Steenatrup (Norway — 213) is intended for 
the prevention of rust in boilers. The exhibitor tiikes advantage 
of the chemical afliuity of chloride r,{ calcium for water, so as to 
dry completely the rust already formed, which consequently falls 
to powder and detaches itself from the boiler. 

The " Hydratmo-Purificaf^'ur," or water-softening apparatus, 
exhibited by M. Durenne (France — 1163), purifies water from 
salts of lime by the aid of its property of depositing such salts when 
raised to a high temperature. A rectangular case contains, one 
above another, a series of horizontal trap or platforms, heated 
by means of the waste steam of the engine, which enters nt the 
bottom of the case, and slowly aweuds. The water to be purified 
is introduced at the top, and trickles from tray to tniy, becoming 
heateti by the couden3.-)ition of the steam, and depoditiug parts of 
ita salts of lime on each tray, until it is discharged nt the bottom 
of the apparatus, cnniplptely softened, and at a high temperature; 
90 that the heat of the steam employed is not wasted. By open- 
ing the front of the case the trays are taken out, from time to 
time, and cleansed. The piiictical working of this ap[>aratuji is 
most etficient. 

Mr. Siemens' regenerative furnace (Ignited Kingdom — 1987) is 
well known through descriptions which have a]ipeare{l in the 
Transactions of the Institution of Mechanical Engineers, and the 
Reports of the British Association for the Advancement of 
Science.. 

Section IL — Laitd 8tkaii-Esoii»B8. 

Of the land steam-engines, some are tixed, or semi-fixed, some 
jiortable, and .some are road locomotives, or " traction-engines," 

Amongst the fixed and semi-fixed engines, although a few good 
examples of beam-engines and vertical-engines are to be found, 
the horizontal consimution generally prevails; probably owing to 
the ease and convenience with which all parts are accessible. In 
some case.s, as in the niacliiuerj' of Mea.srs. Manlove, Alliott, and 
Co. (United Kingdom — 1924) and Messrs, Wliilraore and Son 
(United Kingdom — 2023), a horizontal engine is used to drive a 
verticsil sh.aft directly, which is a good arrangement for corn-mills 
and centrifugal machines. 

Many of the steam-engines are employed to drive machinery 
belonging properly to other classes ; and in such cases it is the 
ateam-engiue alone that falls under the consideration of the Jury 
of Class VIII. 

In other cases the steam-engine drives some piece of mechanism, 
such as a hoist, a crane, a pump, a blowing-machine, &c,, belong- 
ing to a different subdivision of Class VIII., and in such cases 
any explanation which may be required of the machinery so 
driven will be found in the proper subdivision of this report. 

With respect to the steam-engines in the present Exhibition, 



as compared with those of 1851, it may be observed that they 
show au increased employment of high-pressnre, great expan- 
sion and superheating, au increased use of surface condensation 
(generally effected by means of a great number of small horizontal 
tubes), a tendency towards aimpTicity in the framing and main 
moving parts, a general abandonment of devices that are more 
curious than useful, and a higher perfection of workmanship and 
finish ; all of which improvements combine to produce greater 
economy of fuel, power, and repairs. 

Setting aside merit of a kind that does not require special ex- 
planatiou, such as simplicity, good workmanship, practical success, 
&C., the following remarks may be made as to those engines which 
present new and unusual features : — 

Manlove, Alliott, and Co. (United Kingdom — 1924) exhibit a 
pair of horizontal engines for working centrifugal machines, 
which are placed with their cylinders bottom to bottom on one 
frame ; so that the tendency to strain the frame, which arisee 
from the inertia of the moving parts, may be balanced by making 
the pistons move in opposite directions. 

The double-cylinder expansive engine, in various modifications, 
is numerously represented. In the engine of Mr. Wenham 
(Ujiited Kingdom — 2019) the steam is sujwrheated in its passage 
from the small to the large cylinder (See Section I.) In Messrs. 
May and Co.'s engine (United Kingdom — 1927) the dead-points 
are done away with by placing the cranks of the large and small 
cylinders at right angles to each other; the steam being ex- 
hausted from the small cylinder into a wrought-iroa reservoir, 
jacketed with high-pressure steam from the boder. 

In one of the engines exhibited by Carrett, Marshall, and Co. 
(United Kingdom — 1813) the dead-pwint ia passed (though its 
effect is not wholly done away with) by placing the cranks of the 
amall and large cylinders not directly opposite each other, but at 
a very obtuse angle. (This arrangement has also been employed 
in CiTiddock's engine.) The opposite, or nearly opposite motion 
of the large and small pistons is well known to be favourable to 
l^ala.ne^e of inertia, and also to a good distribution of the steam, 
by enabling it to paaa in the most direct manner from either end 
of the auiall cylinder into the adjoining end of the large cylinder. 
In the drawing of M. Dehiudtsheer s engine (Belgium — 265), the 
cranks for the large and small cylindei-s are exactly opposite in 
direction, and the dead-points are done away with by combining 
a pair of engines with cranks at right angles to each other in the 
usual way. 

The end-to-end double-cylinder arrangement is exemplified in 
the engine of M. Scribe (Belgium — 278), and in a model in the 
United Kingdom division, which is not numbered nor mentioned 
in the catalogue.* 

For producing variable expansion, the system most frequently 
employed is the ordinary iiuk motion ; and next in order as to 
frequency, the link motion with a separate expansion-valve 
driven by a third eccentric In Messrs. Ferrabee's engine (United 
Kingdom — 1652) the expansion- valve is driven by n straight- 
link motion of its own, worked by means of two eccentrics on a 
shaft, which ia made to turn at double the speed of the engine- 
shaft by means of a pair of toothed-wheels. 

In many cases also, and es|)ecially in the foreign enginei, the 
variable expansion is produced by means of the compound elide, 
regulated tii some cases by hand, and in others by the governor; 
and amongst the latter class may be :tpecified the engines of the 
Magdebui-g- Hamburg Steam Navigation Company (Prussia — 
1312), the Sprottau Iron Works (Prussia— 1321), Farcot and Co. 
(France— 1152), C. T Poi-ter (United States— 29). In Means. 
Fai-cot's engine, the action of the governor upon the variAble 
expauJiiou is very exact and perfect, owing mainly to the oon- 
etructiou-of the governor, in which, by a peculiar motle of suspen- 
sion and counterpoise, there is obtained a sufiicieutly accurate 
practical approximation to the theoretic accuracy of the parabolic 
governor, but without its complexity and liability to derange- 
ment. (For detjuls, see the report of M. Tresca to the Sodc't^ 
d'Encouragement pour I'ludustrle Natiotiale, published in their 
Bulletin for 1861.) In the governor of Mr. Porter's engine a 
similar result is obtained by using light balls and a high speed 
with a heavy vertical load to balance the great centrifugal force. 
The figure and movement of the side-valve in this engine are of a 
jicculiar kind, suited to open and close rapidly with a oornpam- 
tively small travel. 

The pumping-engines of Mr. Steele (United States — 38) and 

• fxbibitcd by Mr. K £. Alkn. 
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Mr. WorthiuErton (United States — 28) are remarkable as being 
ines of rapiil stroke without fly-wheels. lu the Ibrnitir tliere 
cylinder, who«u aiide-valve ia moved when the piston 
-point*, by aa apparatus which is in fact equivaleut 
to a smivU auxiliary steani-cyliuder. Iti the latter there ar« a 
pair of equal cyliudera, workiug at half a atruke behiud each 
other, the slide-valve of each cylinder being shifted bj the piatoQ 
of the oib. •■. 

In M. So .n:tz*a rotatory ateam-eugiae (Sweden — 273) the 
Ivantogee or aiuiplicity and oompnetQeaa, which tl»e rotatory 
Fengitie La admitted to posaesa, are combined with the power of 
vorking expansively in a very perfect mnuuer; while at the aaiue 
time the disadvantages of engines of that class are to a great 
extent overcome ; for the pressures at the shaft are balanced, the 
sliding vanes or pistons are relieved of pressure while they are 
passing the «top>8 ; and the steam-tight bearings, when worn, can 
All be tightened at one operation, in coDse<{ueuce of the conical 
form of the casing. 

The North Moor Iron Foundry (llniteil Kingdom— 1948) ex- 

bibit a steam-turbine which has been found tt> work effipiently, 

and which is convenient for driving fans, the fan and turbine 

tbeing fixed on the same shaft. M. Bourdon (France — 1 156) has 

turoine driven by a current of water, which is itself driven by 

a 3teAm jet. 

Ot the single-aicting Cornish engine one example only appears, 
iTepresented by the uiudel of Meaais. Harvey and Co. (United 
kingdom— 1880). 

The traction engines to which awards have boan made by this 
[Jnry are those exhibited by Bray's Traction Kngiuo Company 
LTnited Kingdom — 1805), J. Taylor axid Co. (United Kingdom — 
iOO-1), Tuxford and Sons (United Kingdom— 2105). It is wt'll 
rlnown that, although steam-carriages for common roads are of 
I old date, tractian-eugiuea, or road-locomotivee, are of recent intro- 
duction. All the three engines above-mentioned work well in 
practice. 

Mr. Bray's is capable of acting as a portable steam-engine, 
a steam-crane, or a fire-engine, at will ; the rim of each of its two 
driving-wheels is furnished with blades or spades, which can be 
pushe<l out or drawn in, according to the steepness of the road 
and state of its surface and the load to be drawn, so as to give 
just the re<jnired hold and no more. Messrs. Taylor's is marked 
by the merit of great simplicity. It has two driving-wheels, six 
feet in diameter, without blades. Messrs. Tuxford's has a single 
roller instend of driving-wheels; its engine is well protected 
a^inst injury by dirt, and the engine-driver and steersman are 
ti^ether.* 

Section III. — Marine Steam-esoines. 

The general remarks as to progress since 1851, which have 
been made in Section IL, as to land engines, are applicable to 
marine engines also. The improvements in workniuuuhip are 
even more striking. 

A very large number of marine engines exhibited possess merit 
of a high order, as this Jury have testified by their awards. They 
have also indicated briefly in the reasons given for the awards, 
the particular kind of merit by which each engine is most 
distinguished. 

Of the marine steam-engines, by far the greater number are 
horizontal screw engines; the reason probably being that such is 
the arrangement best suited for ships of war, and that the engines 
of shins of war can more easily I 
tion tnan those of merchant suir 



of shins of war can more easily be spared for purposes of exhibi- 
"on Inan those of ' ' 

The horizontal engines are numbered as follows: — United 
Kingdom, 1891, 190-2, 192*j, 1M5, 1964, 2632 (model), 1897, 19G2 
(model); France, 1132, 1195; Sweden, 274. In this form of 
engine the space is more limited than in any other, and difliculties 
are thus caused which the skill of the engineer is exerted to 
overcome in various ways. Henco arise great varieties in the 
details of the designs of horizontal engines, For example, the 
engiuea of Hurophrys and Tennant (United Kingdom — 1891) are 



• Hr. Tamnr'i fteam-ourUee {United Kingdom— 2088) waa inchided in CUa VIII. 
ol the Catalog:o«, aitbotigh it* place would )uiv« more properlT been in Clan V. (lee 
JiU7 DirvK^ny. [ago 63). The Jury of CIaw VIII. exainioMl It, and foniMd a tutt 
fSTou/jblc- >j|iiiiiuii uf it* merit, aofar m tbkt could bu Mcectaiued bjr mere iiupecliuii. 
Tlitfy fien lU lirat ilairaua ol baring its perfonnance practir-"- •— •=■ ' nn tome roml 
ui-.xr tb« Kxiiibilioo ; but ihejr men Uiduced to ae«i»t tmia c utber by tbo 

t«-.!rf thftC it waj about to b« tnuifeired to th« dau to w . ..v belobitnl, 

I ijfurtoiialBlT that belief was eiroueous; uid thtj «teain-cari^.i.; .i, -.^iiou haa not 
beta vat inbject of any awan). 



marked by simplicity and acotjuibility; the action is ditpct, the 
stroke and connecting-rod uliort, and the cylinder of large 
diameter. In other examples a longer stroke and connecting-rod 
are obtained in various ways: in those of Maudalay, Sons, and 
Field (Uuiteil Kingdom —1920), R-iveuhill, Sulkeld, and Co. 
(Unite<i Kingdom — 19G2), Nouvelle Sociote des Furies et Chan- 
tiers (Fnvnce 1196), A. W. Fi-cstadius (Sweden — 274), and others, 
by double piston-rods; in that of E. Villus (France — 1132), by 
double piston-rods, connected with trunks in the air-pump, a 
conetruction which is ali^o used in Britain; in that of (t. Hennio 
and Sous (United Kingdom — 19fi4), by trunks in the cylinders: 
in that of J. Peun and Sou8(Unite«l Kingdom— 190o) by trunks 
jiassiug completely through the cylinders, fee 

A peculiar arrangement of a dnplex hoi-izontal trunk-engine, 
in which the inside of the trunk is made available as cylinder- 
space by the aid of a fixed piston, is represented by a modol in 
the British division of the Western Anne-ice, which is not men- 
tioned in the CatAlogue. (Exhibited by Mr. E. E Allen.) The 
engine of M, Frestadius (Sweden — 274) lioa concentric donble 
cylinders. 

Amongst oblique screw engines may be mentioned those shown 
in the drawings of Armengaud (France — 1181), and of Itimdolph, 
Eider, and Co. (United Kingdom — 1900), the latter of which 
arrived to late to be adjudicated u|>ou, 

As examples of the vertical inverted-cylinder screw-engine, so 
well suited for merchant tdiipi^, the engines of Morrison und Co. 
(United Kingdom — 193H), Tnd ami M'(,Jregi<r (United Kingdom 
— 2009), and Richardson and Sons (United Kingdom — 1!)6j) may 
be noticed, as well as a model exhibited by Uumphrys and Ten- 
nant (United Kingdom — 1891), which will be again mentioned 
further on. The first three of these have surface condensers, the 
first two with horizontal, and the third with vertical tubes. The 
fii-st two ai-e very compact and convenient in their arrangement; 
the thinl may be regfirded either aa a working model or a pair of 
small engines. Tiie stenui, before entering tliH surface condenser, 
gives out much of its heat to the feed-water, which traverses a set 
of ttTbessurix>unded by the exhaust steam. 

The engines of Maudslay and Co. ai-e accompanied by a very 
complett) and well-executed set of moving moilels of marine 
engines, of a great variety of kinds, both paddle and screw. 

The engines of Humphrys and Tennant are ftceompanied by 
moving models of themselves, and also of a pair of verliod screw 
engines, noted for their eflicieucy and economy in practice, being 
those of the Mooltan, these are donble-cyliudertnl expansive 
engines, each small cylinder being directly on the top of its large 
cylmder. 

Pstddle-enginea are represented by working models exhibited 
by Maudslay, Sons, and Field (United Kingdom — 192«); J. Penu 
and Sons (United Kingdom — 19.'i0) and lUvenhill, Salkeld, and 
Co. (Uniteil Kingdom — 1902); and by the drawing of Messra. I!. 
Napier and Sons (IFnited Kingdom — 1939). The model of Messrs. 
Eftveuhill has feathering pnddles and oblique cylinders; while 
that of Messrs. Penu has oscillating cylinders. 'Ihe only pair of 
full-sized paddle engines are exhibited by Messrs. Escher, Wyn, 
and Co. (Switzeilaud — 1(I4). 1 

The valve gear and expansion gear of thu marine engines are 
very various. For reversing, the link motion is used in almost 
every case: an exception is found in the engine of the Mediterra- 
nean Company above referred to (Franco — 119o), where the 
engine is reversetl by a piece of wheeiwork, which when acted 
upon by baud causes each eccentric to reverse its position on tlie 
shaft tbnt caries it. In Humphrys and Tennant's engines au 
iinproveraeut in the construction of the link has been carried out, 
by m.iking it of a single bar embraced by a slider, instead of a 
pair of bars with a slider between them. 

In some examples, the link motion ia used for expansive work- 
ing; but in most, the cut-otf is eti'ected by means of a separate 
expansion valve, the mechanism for working which preaenta a < 
great variety of designs. 

Amongst various peculiarities of arrangement, may be noted 
that of the pair of horizontal screw engines of Messi's. Kennie, in 
vhich the cylinders are at opposite sides of the shaft; each 
cylinder is directly oprHisite the air-pump of the other; and each 
cylinder exhausts directly into the condenser by its side, so that 
exhaust-pipes bridging over the shaft are dispensed with. 

The horizontal trunk marine screw-engines of Messrs Penn, 
being exhibited by a member of this Jury, could not be made 
the subject of an award. They are accompanied by a model 
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already referred to, and by separate parts of engines, showing 
great perfection of material anil workmanship. 

SEcnosr IV. — Wi>'t)mill8. 

The windwill of Wentworth and Jarvis (United States — 54) is 
chiefly remarkable for its regulator, which cousists of a pair of 
slightly diverging vanes, forming a sort of tail behind the cap of 
the windmill, and so connected with the sails, that when the 
vanes, by the increased impulse of the wind, are presseti closer 
together, the sails are turned into a position that exposes less 
Biuface to the wind. 

Section V. — Wateb-wbekls aud Turbines. 

The conditions to be fulfilled in order that the efficiency of a 
turbine, or water-wheel of any other kind, may be the greatest 
possible, are that the water shall begin to act on the wheel with- 
out shock, and shall leave it with no more velocity than is 
necessary in order to prevent the wheel from being choked with 
hack water. AH the turbines to which hooours hAve been 
awarded by this Jury are capable of fulfilling those conditions 
when pro|>erly managed. 

Turbines have been classed according to the general direction 
of the flow by which the water is curried through the wheel, 
independently of the whirling motion which is first impressed on 
the water by the guide blades, and afterwards taken away during 
the action of the water on the wheeL According to this mode of 
cloaaitication those of the North Moor FoundryCompany(Schiele'H) 
(Unite<l Kingdom — 1948) and of Fontaine & Brault(Francc — 1173) 
are "parallel-flow" turbines, because the general flow of the water 
is parallel to the axis; and that of Williamson Brothers (Thomson's) 
(United Kingdon — 2<»i6), is an "inward-flow" turbine, because 
the general flow is towards the axis. In order that the condition.<i 
of greatest efficiency may be fnl filled with dilferent loads, the 
mode of varying the quantity of water supplied ought to be such 
as to change as little as possible the speed of the whirling coni- 

Conent of ifi Tnotiou, This is ott'ected in pRnilI>?I-flow turbines 
y supplying the water tliroiigh a ring of orifices, a greater or 
less number of which are coni]»letcly closed when the supply 
ii) to be varied, so that nil the orifices which are open are 
fully open. In the inward-flow turbine or "vortex- wheel," the 
s&iae object is obtained by varying the obliquity of the guide- 
blades. 

The drawing of M. Sagebicn (France — 1154) represents a water- 
wheel which on theoretical grounds may be considered advan- 
tageous for low falls; but the Jury had not, during their prooeed- 
iiiga, sufficient data to enable them to make an award npon it. 

Section' VI. — Water-phesscre En'oines. 

The water-pressure engines of Sir W. G. Armstrong and Co. 
(United Kingdom — 1785) are cajmble of working and standing 
still at intervals without waste of power or of water. This (in 
the absence of a reservoir) is ejfected by the aid of the ''accumu- 
lator," being a cylinder like that of a hydraulic press, having a 
E lunger loatled according to the prossui*e to be ninitiUiined, and 
einz large enough to contain the store of water which collects 
when the machinery is at rest, and to supply the surplus of water 
required when the maoliinery is moving. One of the engines 
consists chiefly of a cylinder and piston of long stroke for working 
a hydraulic crane through pulleys and chaic-tjicklc; another is 
an engine for producing rotatory motion at high speeds, with 
three oscillating cylinders, having plungers which act upon three 
cranks, making angles of 120° with each other. This engine is 
characteriseii by the use of "relief clacks;" thorn are valves which 
upon the occurrence of any tendency to excessive increase or 
diminution of pressure in the cylinder, permit water to flow back 
from the cylinder into the supply pipe, or from the discharge-pipe 
into the cylinder, as the case may be, and thus prevent shocks 
without wasting water, 

Carrett, Marshall, and Co. (United Kingdom — 1813) exhibit a 
double-acting water-pressure engine specially adapted to the 
blowing of organs, in winch the piston moves with a uniform 
apeeil, and there is no fly-wheel. 

The water-wheel exhibited by Mr. E. O. Richard (Canada— 
119) is really a kind of rotatory water-pressure engine. 

Section VII. — VActruii-powER Enoine. 

He Jary could find no engines to which the above description 
a >*med to be applicable. 



Section VIII.— ELECTRo-MAOKEnc Mo-m'B Poweh EironirEa. 
Some engines of this kind were exhibited, in which mndk 
ingenuity was displayed; but inasmuch as the Jury had bo 
opportunity of ascertaining the convenience and efficiency of 
those machines while working, either by inspection or from the 
information of others, they did notconceive themselves warranted 
in making any award upon them. It is well known that certain 
electro-magnetic t ngines are at present in extensive practical use 
for driving small machinery in which the cost of motive power is 
unimportant; but no specimen of those engines was exhibited. 
The electro-magnetic engine of D. McCallnni (United Kingdom 
^-1916) was carefully searched for, but not found- 

Section IX. — Miscellaneous Prime Movers. 

The gas-engines of C. W. Siemens (United Kingdom — 1987), 
and Ijenoir and Co. (France — 1188) are driven by the combustion 
of a mixture of coal-gas and air so proportioned as not to be 
dangeroasly explosive; the mixture is fired at each stroke by an 
electric spark. From the report of M. Treses on Lenoir's engine, 
it appears that this engine is not economical of fuel as compared 
with a steam-engine, but that it is very convenient and useful for 
driving machinery in situations where a steam-engine cannot bo 
employed. Siemen's engine is provided with a regenerator for 
saving a great part of the heat which would otherwise be dis- 
charged with the waste gases ; and there are theoretical grounds 
for expecting it to be economical; but precise experimental 
and practical data as to its economy and efficiency do not yel 
exist. 

The engine of E. B. Neill (United Kingdom— 1943), and an 
engine of the United States without a number, are both hot-air 
engines of a kir.d invented by Captain Ericsson. Those exhibited 
by C. n. Denniscn (United States — 82), and that of Schwarzkopf 
(Prussia — 1319), are alan hot-air engines. No advantage in point 
of economy over tbo steam-engine is claimed for any of these, 
their proper use being, like that of the electro-mngnetic engine 
and the gas-engine, to furnish a convenient motive power for 
aniall machines where a steam-engine cannot bo employed. As 
the working of these eugiues within the Exhibition building 
would have been inconsistent with the regnlatiou which probibita 
the lighting of fires iu it, the Jury, in order to satisfy themselves 
that the engines worked in a smooth, steady, and manageable 
way, obtained from Her Majesty's Commissioners permission for 
the exhibitors to remove them for a time from the building, and 
set them to work outside. The resulU were satisfactory in the 
case of the two American engines ; but the Prussian engine was 
unfortunately prevented, by accidental circumstances, from being 
set to work until after the proceedings of the Jury were cloeed, 
so that they could not m.ike any award upon it. It was after- 
wards, howe\er, set to work in the boiler- yard ; when it moved 
smoothly and steadily, and was easily started and stopped. Both 
the American engines take in at each stroke a fresh supply of air, 
which is afterwards discharged; Schwarzkopfs engine retains 
the same air permanently, and transfers it back and forward 
between the hot and cold end of a receiver alternately. 

W. J. Macquobn Bankine, Reporter. 



Subdimsion II.— Separate Parti of JlfacAinet, Speciment of Werk- 

muntliip, Miiceilaneona Piecei of Me^anum. 
Section i. — Heavt Castings or Foroings in the rough ; 

CaUTISOS or FOKOINGS, PLAIN, INTRICATE, OR BEATIFT7L, IK 
THE ROUOB. 

As compared with articles under these heads exhibited in 1801, 
we consider there ia a decided improvement; few however are 
exhibited in this class as abstriict specimens, but are for the most 
part portions of machines: there are nevertheless some excellent 
specimens of forgings of very large diiuensious, and which owe 
their excellence in finish and sovindnes-s mainly, to the facility 
afl'orded iu their oonstructinn by the application of the Nasmyth 
and other steam hammers: some of the large forged shafts are 
put together in longitudinal segmentH, which is another reason 
for their soundness. A complete revolution in the manuiaetnre 
of large forgings has been eflected by the steam hammer. The 
castings of large marine engine cylinders and other parts, the 
crank shafts, cross heads, connecting rods, &c. in WTOught-iron,aa 
shown iu the present Exhibition, are such as never were produced 
of equally good quality on any former occasion. 
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Fr. Krnpp. Essen (Pruasia — 1308). — Thia exhibition iocladea 
the largest block of steel in the Exhibition ; also some excellent 
■pecimeua of caat-eteel axle-trees, aud other Qrat-rate specimeus 
of steel manufactui-e. Medal awarded for excellent workmanship 
and material, practieal ■ucceas, general excellence. 

Horder Mioing and Forging Company {Prussia — 1258), — 
Wheel-forginga, locomntive tires of pudtlled steel, wronght-iron 
telegraph poles, &c. Hnuourahle mention, very good work. 

Petrarsa Royal Works (Italy— 1058.) A large wronght-iron 
•baft for screw propeller, very good specimen of plain forging. 
HoDonrable mention. 

Under the Mbove beads., the Jury wish to call attention to a 
beaatifally forged and finished cross-bead for a marine engine, 
being one of a pair for the "Agincourt," 1350 horse power, 
olao a connecting rod of similar powers by Messrs. Maudalay, 
Sons, and Field. The above is not separately designated in the 
catalogue. 

Also to a double-crank shaft for engines of 1250 horse power, 
by Messrs. Penn and Son, of Greenwich, excellent both oa a 
forging and a finished piece of work; and to the casting of a 
cylinder, which is exhibited in the state in which it left the sand, 
and without having had any subsequent workmanship bestowed 
upon it. A most beautiful specimea uf loam casting. The above 
are not sepanitely designated in the catalogue. 

Section II. — SPEcrjcBNS ox TcRNrao m Metals, 

The preliminary remarks of the last section apply with eqnal 
force to the ditferent portions of steam-engines aud machinery in 
general, inasmuch as by the improved construction of slide lathes 
planing, slotting, and ^ooving machines, work is produced of the 
most superior description. 

In the construction of all machines and machinery by the beat 
makers, the great aim evidently now is, to introduce such forma 
as can be obtainal by power tools, without the use of the b.ind- 
cbisei and file, and the result is, increa&ed elegance and simplicity 
combined with great economy. It is necessary to point out 
■where these re.iults are most striking, as the awards of the Jurors 
have alre.idy shown their appreciation of them. 

One specimen alone of turning and finishing in glass is shown, 
and this is both practical ami new. 

J. Chedgey, Soutbwark (United Kingdom — 1820), Glass-rollers, 
pumps, and pipes turned and bored. 

New manufacture and good work. The only articles of the 
kind in the Exhibition. Here is exhibited a household mangle 
with glass bed and rollers. Medal awarded. 

Sbction in. — Specimens is FiLrsQ, and fiitished wore iu 
Metals, such as Surfaces, Irreoclar Figures, etc. 

Broughton Copper Company, Manchester (United Kingdom — ■ 
1808), Copper and brass work valves, &c., copper rollers for 
calico printers, and brass tubes for locomotive engines of very 
superior quality aud workmanship are exhibited by this firm. 
Medal awarded, 

Eadieand Spencer, Gla8gow(United Kingdom — ■l843),Iron tubes 
for boilers. Medal awarded for good workmanship 

Imperial Iron Tube Company, Birmingham (United Kingdom 
— 1894), Metal tubes. Medal awarded for good \vorkmaii8hip. 

Newton, Keatea, and Co., Liverpool (United Kingdom — 1944) 
Copper and brass articles for engiueera. Medal awarded for good 
workmanship. 

J. Eussell and Sons, Weduesbury (United Kingdom — 1975), 
Tabes and filttiugs, most excellent specimeus. Medal awarded 
for good workmanship. 

Stephenson Tube Comjmny, Birmingham (United Kingdom — 
1994), Sfiamlpss metal tubes, rollers, &c. This firm have a most 
interesting exhibition; aud claim great advantages as regards 
toughneas of material from the combination of phosiihorus in 
the manufacture of their metal. The Jurors speak in high terms 
of the whole exhibition. Medal awarded. 

A. Everett and Sons, Birmingham (United Kingdom — 1848,) 
Brass, copper, and iron articles, tubes, &c. Honourable mention) 

Lloyd aud Lloyd (United Kingdom — 1912), Wrought-iron 
tabes and littinga. Honourable mention. Some excellent speci- 
mens of workmanship are here exhibited in forginga of wrought- 
iron junctions for gat*, having a great number of outlets on the 
same piece. 

Ruseell and Co., Lordon and Manchester (United Kingdom — 
1974), Wrought-iron tubes, &c. Honourable mention. 



Section IV. — Valvbs, Cockb, Pistoss, Goternobb, Diirvrao 
Baitbs, &o. 

Most excellent articles are exhibited under these heads and by 
a large number of exhibitors. The valves and cocks are both 
good in design, and constructed of materials well suited to the 
pnrpose. MetaJlic pistona are now exhibited having great facility 
of accurate adjustment against the aides of the cylinders, so as not 
to cause more friction than is absolutely necessary for preventing 
the passage of steam, and of very simple construction, and not 
liable to derangement. Oovernora are in great variety, but in 
most cases they partake of the objections to the ordinary bail and 
pendulum governor, — viz., that they do not give a proportionate 
amount of steam for a varying load, with a maintenance of 
uniform speed; still in some coses this desideratum ia obtained, 
and the examples are notetl and described under their respective 
numbera. A decided improvement in driving bands is shown, 
both as regards materials and mode of construction, in leather, 
india-rubber, &c 

Viilv€s and Cocks. 

Baines and Drake, Glasgow (U.K., 1788). — Engine and boiler 
mooutings. Honourable mention. 

J. Beck, Soutbwark (U.K., 1796).— Valves and cocks. These 
include some very conveniently arranged angle-placed valves as 
cocks, and the work and finish are very good, Honourable 
mention. 

E. T. Bellhonse and Co., Manchester (U.K., 1797).— Brass fit- 
tiijga. Honourable mention. 

J. J. Silbermann, Paris (France — 1162). — Air-pump valve. 
Honourable mention. 

F. Allen, jun. (U.S., 29), — As inventor of slide-valves, valve 

f;ear, and expansive gear, exhibited by C. T. Porter. By a pecu- 
iar arrangement of levers actuating on a slide cut-off valve at 
the bock of the ordinary steam aud exhaust valve, a verj* simple 
mode of expansion is obtained with great variation. Medal 
awarded. 

S. Leoni, St Paul's-street, N. (U.K, 1909).— Taps, steam-cocks, 
bearings for machinery. These have not yet been sufficiently 
testeil to prove their superiority, but appear to work with little 
friction. Tho substance " Adaoias " consists of silicate of mag- 
nesia, calcined, moulded, aud baked to any required shape, and 
appears to possess peculiar anti-friction properties. 

Driving Bandt. 

North British Rubber Company, Edinburgh (U.K., 1047),— 
Driving-belts, &c. These are said to be very durable, aud have 
more adhesion than leather. Medal awarded for practical utility 
and success. 

C. A. Preller (U.K., 1909).— Untanned leather driving-belts, 
&c. In the leather bands made from onJinary leather, where 
extra strength is required, this ia obtained by one or moi-e thick- 
nesses stitched together; which is objectionable, inasmuch as 
in passing over pulleys of small diameter the ditferent layers are 
at ditierent degrees of tension, and increased wear aud friction 
are the result: this ia avoided in a great measure in the driving- 
hands exhibited by Mr. Preller, who obtains great increased 
strength by his peculiar manner of preparing the leather, giving 
extra strength and suppleness, and thus rendering the double 
strap in moat cjisea unnecesiiry, and, wh.>n actually required, the 
objection is not so great as with leatlier prepared in the ordinary 
way, on account of the thinness and suppleness of tlie former. 
Medal awarded for good workmanship and new manufacture. 

Webb and Son, Stowmarket (U.K., 2017) — Leather driving- 
belts, buckets, hose, &o. A very creditable aud useful exhibition. 
Medal awarded for good workmanship. 

C. J. Edwards and Son, London (U.K., 1845). — Ijeather bands, 
hose, and fire-buckets. Medal awarded for good workmanship. 

Hepburn and Sons, Berraondsey (U.K., Ibs2). — Machine belts 
and other .articles of leather. Honouruble mention. 

J. Holeate and Co., Sonthwark (U.K., 1885). — Leather mill- 
bands and hoae-pipes. Honourable mention. 

Nobes and Hunter, Borough (U.K., 1945). — Leather bands, 
hose, bucketa, &c. Honourable mention. 

W. Poiitr, BJackfriara-road (U.K., 1957),— Gut wbeel-bnnds. 
Honourable mention. 

M. J. Bleyenheuft, Eupen (Prussia, 1287«). — Leather machine- 
straps, buckets, hose, &c. Medal for good workmanship. 

J. H. Bleycnheuft (Prussia, 1287). — Leather machine-straps, 
cord, hose, &c. Honourable mention. 




SS4 



THE CIVIL ENGINEER ANT) ARCniTECT'S JOURNAL 



IN.. 



W. Rnland, Bonn (Pnissia, 1 31i5). — LeAtber for machtne-Btraps. 
Honourable nientiou. 

Farwl and Sons, Port St Owen (Franco, 1152). — Governors 
vrith crossed anns, arranged so aa to overcome in seme measure 
the objection to the ordinary ball-governor, by making it more 
aoeunite for varying amount of load upon the engine. Medal 
awarded. 

A. B. Albaret and Co. (France, 1207). — This oonsista of a fly- 
wheel mnnnVed on a movable oenlre, which enables it to be set at 
different angles with regard to the line of its own axis: when 
revolving, the tendency is to move to a position at right angles 
with its axis, and in so doing to act np the throttle-valve. 

Goivniort. 

C. T. Porter (United States — 29) exhibits a governor having 
dtiu)>le-elbow arms, the tendency of which is to rsise ft weight 
vertically upon the spiudk. This governor is very sensitive, and 
iDuiuly owes it to rapid rrjtation, which its i)ecnliar coustructicsn 
requires. Mr. Porter also exhihita another gf)veruor particularly 
applicable for marine engines; this is also a centrifngal ball-gover- 
nor, bat the centrifugal forc^e of the balls is met by a spiral 
■pring, and is thus described by the exhibitor: — The novel 
feature in this governor, and that which gives it iu value, 
is the initial compression of the spring: for example the spring 
is compressed two inches by the nut on the spindle. The 
circle in which the centres of the balls revolve is ten iuche.s 
in diameter, expanding to one of fifteen inches diameter. This 
expanding n>otion of tlie balls produces a further compres- 
sion of tne spring of one inch. The balls are shown in the 
engraving half expanded, and the spring, if released, would be 
two and a half inches longer than it appeare. It will be observed 
that the expansion of the balls adds fifty per cent, to the diameter 
of the circle which they at firat described, and nho fifty jier cent, 
to the original compression of the spring. If. therefore, the 
centrifugal foi^ce of tuese bnlls and the resistance of the spring 
*re in equilibrium in any position, they will be so also in every 
other position, the number of revolutions per minute remaining 
the same. The resistance varies, by the increase or decrease iu 
tlie compression, precisely as the force varies by the expansion or 
contraction of the circle. 

M. A. Soul (United Kingdom— 1992) exhibits agovemorwhich 
may l)e thus described: — A fly-wheel having a long boss with a 
spiral groove cut in it is placed upon a hollow spindle with a 
straight groove in it; inside said spindle is another which carries 
n pin 88 a driver to the fly-wheel; if the spindle or shaft overruns 
the fly-wheel, the interior spiudle is moved in or out as the case 
may be, and the movement is communicate<l to the throttle- 
valve. 

Scbiele's governor, exhibited by the North Moor Foundry 
Company (United Kingdom — 194R), acts by water-pi-essure upon 
a piston, given by a centrifugal pump. This governor can be 
made to exert great force, so as to be capable of acting directly 
upon the sluice or clow of a watei'-wheel or other large valve; 
nuder ordinary circumstances where great sensitiveness is re- 
quired, an elastic diapbmgm may bo used instead of a pistvu. 

J. Hick, Reporter. 
{To be continued.) 



THE EXAMINATIONS OF THE INSTITUTE OF 
BRITISH AECHITECTS. 

The last session of the Institute of British Architects was 
signalised by the adoption of more than one measure likely to 
produce permanent and important efl'ects on the archit^^ctural 
profession. The immediate good results of the establish nieut of 
a recoguised scale of charges, and of rules of professional practice, 
are likely to be considerable, for it is a matter of personal interest 
to every practising architect to know how much is fairly to be 
expected of him, and how much he is entitled to charge in accor- 
dance with the ^je,>4t opiuious and most received customs. 

The endeavour to regulate professional practice in these or in 
similar respects is peculiarly the duty of sucb a society aa the 
Inatitiite, and will be recoguised by all aa ii worthy exercise of 
it,«» fojictions. Yet the regulation of current transactions, though 
likely to be more valaed by practical men than that ditfusiuu of 
iulortiintiuti ou detached subjects by means of papers and diacus- 
sJouH to which the proceedings of the institute have at some 
periiMis been contineu, is not equal in real importance to such 



measures as will tend to alter and improve the character And 
tone of feeling and action of the entire profession. To diffose 
information is something, to direct and control profassioual cus- 
toms is something; but so to raise the whole standard of profes- 
sional attainments, as to procure that architects as a body shall 
be better informed, more accomplished, and consequently more 
respected and incrensiugly influential, is to fulfil the highest ofBce 
possible for a public society, and to confer the greatest benefit 
poBiible upon the constituents. 

Viewed in this light the institution uf the annual Voluntarj 
Architectural Examinations, tiie first of which is announced ua to 
be held in Jauuary next, is a step in advance of any thing yeC 
attetnpteil since the establishment of the Institute, at least as fiir 
as the scope and intention of the meneure are concerned, and 
should the examinations answer the intentions of their pro- 
moters we have little doubt of their being recognised aa 
iifstromeutal in the Inauguration uf something like a new onier 
of things. 

Hitherto no systematic plan of education for an architect ha« 
existed, and no influential imiication has even been given of the 

Ereliniinary education which it is desiinhle that a youth should 
ring to the study of hi.s profea^ion, the books with which he 
shnuld be fumili.ir, or the amount of nttniiiment which is essential 
to constitute him a resjiectably e<lncated architect, or the fhrther 
degree to which it is necessary he should pursue his stodies 
before he can be ranked as nccompliahed. 

Much of all this must always belefV, as all has hitherto been 
left, to individual discrimination and judgment; but it is not on 
this account necessary or desirable that so influential a profession 
should continue without some authoritative declaration uf opinion 
on these subjects, without any recognised standard of prelimi- 
ary proficiency, and without any means of designating those who 
have suflicieutly trained themselves to reach it. These deflcien- 
cies the plan now inaugurated professes to supply. No special 
mode of education iaattempted or indicated, and even if desirable — 
upon which opinions are divided as matters stand — such a step 
would be premature; but a very clearly defined standard is fixed, 
up to which the eilucation of the stiidpnt ought to be carried, a 
inethod of indicating to some extent Acquirements which snrpasa 
that standard ia provided; and so much of the means of self-eda- 
cation aa can be obtained from books is pointed out, a carefully 
prepareil liat of bouke having been issued by the cooDcil along 
with their programme. 

So far as the influence of the Institute has extended, admission 
to the profession as represented by its members has been based 
upon respectability of cliaracter and practice, — the beat and 
widest basis possible, and one which can never be departe*! from 
without disadvantage; but it is in the highest degree desirable 
that competence for the performance of its responsible and very 
varied duties shonhl be secured in every possible way, and tested 
by a process more rigorous than can possibly be pursue*^! in a 
society constituted like the Institute; and it ia in every way 
desirable that those entering the profesaion should be youths of 
good previous education, and should studiously avail themselves 
of the opoortuntties at their command. 

These aims the present scheme is calculated to reach. The 
ultimate success of its working will have to determine whether it 
shall remain a purely optional honourable distinction, or whether 
it shall ultimately becoino the groundwork of a diploma which 
Hhall be essential to practiaiog architects. The feeling in iuflu- 
ential quarters is strong against a diploma, and this scheme 
would have met with serious opposition — possibly with defeat — 
had it been proposed to associate with it any certificate of co«n- 

ttetence to practise, or other document such as might by possi- 
•ility have been made use of as confeiring the rank of an arcln- 
tect upon its holders. The probability is great, notwithstanding 
the jealous exclusion of all allusion to such an ultimate purpose, 
that eventu.illy some test analogous to the examinations which 
must be passed before a member of the legal or of the int'diral 
profession can practise, will even be adopted, and will be legally 
enforced. Without fettering in tlie least the free<lom of the indi- 
vidual artist iu matters of art, such an examination will insnrs 
that the iuformatiou which every architect ought to have on 
technicjil matters is not altogether wanting, and that the prelimi- 
nary education, without which no man can creditftbly pursue a 
liberal profession, has not been omitted, and has not remained 
quite fruitless. 
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PAPERS ON HYDRAULIC ENGINEERING* 

By Samuel McElroy, C.R 

No. 2. — Distribution. 

As a C0Dse<]ueDce of tbe use of water supply under pressure, 
lines of diatributioD servioe to the several points of consuiuptioa 
are provided, oud are coumon in principle of use to both the 
intermitteut and constant systems of service, which have been 
previously noticed. 

Frum the reservoirs of storage or points of supply, by stand- 
pipea and otherwise, these lines, branching off in various 
directions, with viu-ious proportions of calibre and ditl'erencea in 

.terial, liavo been applied to the solution of the problem of 

lei^uale delivery, adequate strength, and protection from the 

veral contingencies of use; and have, therefore, involved not 
ooly the question of serious expenditure but various interesting 
questions of propriety in manner of construction, arrangement, 
and method of use, 

A system of distribution comprises lines of feeding mains, 
service mains, special service pipes, and the various appurtenances 
oooneclud \*ith the ilwtails uf delivery, and is controlled iu 
character by tlie extent of service as to relative supply and 
demand, the conditions of service as to pressure, and by range 
of admissable espeudlture. 

Distribution is generally the most costly feature of any water 
supply. Its proportion, for instance, at Brooklyn, in an original 
oontmct total of $4,2UO,000, was not less than $1,75(>,OOU; and 
while this matter of cost is determined by the extent of the system 
the hitler in turn chiefly determines the item of annual income, 
thereby regulating in an important way the propriety of this 
extent. 

The materials which have been used at various periods and in 
various localities, aud which may be noticed under a general bead, 
are stone and brick conduits, earthenware pipes aud ])ipe8 of glass, 
bitumenised paper, lead, wrought-iron, cast-iron, zinc, tin. and 
other metals, womI, and other materials, some of which will be 
discussed under special heads. 

Arrangement. — The most perfect system in this respect is 
that which transmits the supply to its consumers with the 
least loss in pressure from frictiaiml and other obstructions to its 
flow. To this end, a subdivision in supply districts is requisite 
for any system, properly controlled by lines of feeding mains of 
adequate calibre for free delivery aud circulatiou; aud for want of 
proper attention to this principfe the value of many supplies has 
been seriously injured, under circumstances which render reme- 
dies difficult in application. 

In a number of cases we find small and independent feeding 
mains, attached to service mains as low in calibre aa two, three, 
and four inches. Not only di^tes it result from this that tlie 

firessure on the house service is seriously vitiated, from a natural 
aw in hydrodynamics, but in the impoitant special use of a fire 
supply, iustinces abound where serious losses have resulted from 
a restricted discharge at the hydrants on this account. And as 
experience proves that a line of 4-inch pipes will not properly 
supply more than one tire-engiae, except under an unusual pres- 
sure, it may be taken for granted, wherever fire-supply is an 
object, that all lines of this calibre should be short, and connected 
with larger mains, aud that U-inch mains should be assumed as 
the minimum fi>r lines of general service. This principle was 

1 adopted as a rule iu the arrangement of the BrcoklyD distriba- 
lioD, the use of 4-inch pipe being restricted to hydrant branches. 
It is also adopted by the Croton Board for extensions of service. 
r Dae attention to this arrangement of districts improves the 
operation and efficiency of the supply, admits greater extensions 
with less loss in head, and a much more simple aud etiective 
location of stop-cocks, which control delivery, accidents, and re- 
pairs, and which need, for this reason, particular care. The larger 
aud more complete this framework of feeding mains ai'ound the 
special districts of service mains the better, within limits of reason- 
able cost, and subject to local contingencies of supply, pressure, 
demand, and extension; and for these, as thus determined, the 
calibres may range from eight, ten, and twelve inches, to sixteen, 
twenty, twenty-four, and thirty. Some of the Croton mains of 
this class are thirty-six inches in diameter. As an iHuslrattDn of 
forethought on this subject, and a good example, the following 
extract is made from the Philadelphia Water-works Report of 
April 19, 1855:— 

• CouUoa«d troffl piflo MS 



'* TIte distribution of the old city proper, altbniigfa uranged in IBlO, 
before any othtir in thia country, is very |>erfeot, the system origiiiaUy 
Ltitl down having been strictly udLerud t<.>. The city ie or>3s6ed U|>«o th(? 
highest streets, rauuing nurtb and south, by two Hupply luiuim ■>! 
twenty tachea diameter each; and in the nppgejte din-ction, though 
the centre street, nuui a msdn of thirty iuches diameter: the whole 
pint is circumscribed by malna of inxte«n inches dinmeter, reducing 
ti> twelve and ten incbeg, and is cnmocd north and south at intervals of 
aliuut 120O feet by maiue of ten auJ twelve inches, tbe«e again sk oroHsed 
east Bsd west by several mains of mxtucn, twelve, and ten inches diameter 
(all connected at proper intervale, and making a ciimplete network 
of maiaa and feeders), supply the reioaiudar of the didlributiun, wluch 
oonsista of six, four, and three inch pipe*. The arrangement is quite 
coraplettf. the only source of regret being that any pi^ica su small m throe 
inch>>« should have been used ; but at the very early dote when the 
distrilTUtiou waa devised and commenced, they were considered more 
than sufficient. Many new wat^r-works, hnwever, executed within a very 
short period, and long aft<er those of ilm nl<| city, have, notwithetanding 
the advice aud experienoe of F;uriuuunt Works, fallen into the some 
error, aud ai« uow su&ring from the wont of larger pipes and mains." 

Utual Practice in Material. — Notwithstanding the varieties of 
materinl which may and have been applied to water distribution, 
the general mo<lem practice has adopted the use of cast-iron mains 
for service. For house service pipes lead is generally used. 
These materials have seversil advnntages and defects, which 
require special notice. 

Out Iron Pipes. — ^The Btrenglh aud durability of this material; 
its facility for ready adaptation to the different fornjs of mains 
and their special appurtenances; facility in mnkiug joints, and in 
tapping for house service; in connexion with the influence of long 
est'iblirflied cuMtom, comprise its chief advantages. 

The ordinary form of joint iu use, the "sjngot and faucet," is 
that m-tde witli a hub at one cod of the pipe, expanded to take 
another pipe, with a ji>iut for gasket and lead p.'\cking, varying ia 
width from j of an inch upwards, and averaging about tj inches 
in length. These admit considemble expansion and contraction, 
and are therefore preferred to flanch joints, or to the conical joints 
originally introduced ia London, and abandoned on account of 
frequent breakage from this cause. Special cases, however, 
frequently occur, where flanch joints may be used with economy, 
aud fully guarded against objectionable rigidity. 

It is found, however, that expansion affects the lead joint 
sensibly, causing it to "crawl" in its socket, particularly after the 
g,^8ket is destroyed; to remedy which, iu part, the hubs are cast 
with a counter>!unk bead, which tends to hold the lea<l in place. 

In pipe lengths and sizes, improvements have been gnidually 
made iu foundry work, increasing the lengths froiu the old ;iO inch 
sections of the Albany and other works, up to ordinary lengths of 
9 feet, and more recent lengtlia of 12 aud 15 feet, with much 
advantage in handling aud economy in laying, since the ex|iense 
at tliB joints is a serious item of cost, the lead alone, independent 
of labour, ranging in value from about 58 cents per joint for G-inch 

Eipe to $5-18 for 36-inc!i. Practically, at the foundries, there is 
nt a slight difference in cost per ton between the shorter aud 
longer lengths, except for very large diameters. 

The usual test is that of 3tX) lb, per square inch under 
hydniulic pressure, in connexion with a hammer test, which n.ay 
be made needlessly severe with a pipe under great tension. This 
is equivalent to a hydrostatic head of COO feet, or about four times 
the usual fvressure in waterworks practice — 245 feet, as at Albany, 
when the upper district is connected with the lower; and 230 feet, 
oa at Watcrtown, and a few similar cases, being exceptiooal 
instances in the United States, although exceeded iu some Euixi- 
pean supplies. This test, however, has this fall.icy, that it is 
applied only to the pipe castings, while the joints, as the true 
source of leakage, are laid without any trial, except that of actual 
use. There is on extreme and hurtful zeal iu one case, with such 
a peculiar metal as cast-iron, which may be permanently injured 
before it shows any symptoms of yielding, and an oversight in the 
other extreme, as to the ordinary points of damage. Unquestion- 
ably, a considerable part of the loss of sujiply now attributed to 
house waste, is due to defective joints in the service. 

Objectiont. — ^The objections to the nse of cast-iron may be 
summed up in its cost, its defects in casting, its loss of length 
and other defects at the joints, the diiUculty in breaking joints, 
and its liability to destruction, and discoloratioa of supply by 
oxides, aud by tuberculatiou, which also restricts its delivery. 

Cott. — The excessive weight of metal used for the qualities in 
ordinary application involves items of expense for trauspurtiog^ 
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and handling m&teri&l, freight, digtribnling on lin3ofwork, and 
labour in laving, as well as for value of matarial. To this is adilcd 
the cost of jointing. The weights for pipes of 12 feet length may 
vary from 225 lb. for 4 inchea diamelcr to 4fl(XI for 36 iuche.-? 
diameter, and the following table will show the varii^tiou iu 
standard, from two recent waterworks ached tiled: — 





Out Iron 


Pipt*.— 


^andanl 


Weight 








Lnj^b, and Clui. 


4 En. 


«ta. 


8 in. 


10 Ui. 


11 Iu. 


l«iD. 


»iii. 


14 in. 


SDin. 


36 iu. 


(net. ' A 

.. B 

H ., A 

{'4 ,. B 

13 „ A 

12 .. B 

la „ (to lay) 


225 


330 
360 
347 
378 

868 


480 
50(1 
453 
525 

480 


75rt 


680 

H20 

71rt 
Mi 

t»20 
1080 

... 


U32 


1600 
1S>00 
1082 
2O0U 
2100 
2600 


2511 


3000 
3700 
81 W 
3900 
3t»fi0 
4890 
S845 


3600 

4750 
4607 



Tn this case thw A class i» arraogml for a practical head of about 
100 feet, and the B class of about 150 feet, the lengths including 
the hulw, the weights given in the last line refer to a head of 
about 120 feet, and the length is exclusive of hubs. Including 
the value of the material, the cost of such pipes per lineal font 
liiiil may vary from about 65 cents for 4'incn to about $!)iVJ for 
:lO-incli, and readily aggregates a formidable sum. This item can 
otdy be modified in amount by any 8ut»stitutea, and must always 
keep the distribntiou service in the front rank of ex|>ense. We 
■nay have occasion to allude to thefse modifications under another 
head, 

Culling. — In foundry work, this metal is liable to defects from 
various cituses. Une«inal shrinkage, uneven thickness, blisters, 
tiand holes, air celb, cold shuts, &c., may re.<«ult fnmi the spring 
uf core bars, yielding at the ends, ilisplacement of core coating, 
nnefjual rate of cooling, steam and air bubbles, the effects of local 
ebullition, and of floating sand, slag, dirt, &c. on the hot metal. 
For these and other obvious reasons in grade of metal, pipe cast- 
ings should be made vertically, hub down, ij^ Icjam moulds, and 
■ )f ji pure quality of iron. But their quality i.s generally inferior, 
although vertical castings are coming more fully into use. 

Sfjft and impure iron is less strong and much more subject to 
oxidation and tuberculation, than better grades, althouf^'h the 
relative cost of material operates strongly in favour of its use for 
waterworks by contractors, while the same consideration favours 
yireen sand castings in inclined and horizontal moulds. 

•Joints.— hy the common method of jointing described, it follows 
that an incre;i8e in weight is required for the hubs, both on 
account of their enlargement, and for additional strength to resist 
[•the process of csiulking; and whatever length of pipe is appro- 
priated to the joint is a direct loss, varying from o to 7 inches on 
each pipe. Economy in movement and in jointing, thcrefora, 
urges the adoption of the longest practicable lengths. It is also 
evident, that reduction in number of joints must reduce the cou- 
tiugeucics of leakage, so far aa affected by the operation of 
expansion, contr -ction, or other general causes. 

When it becomes necessary to take np a line of pipe, or a 
defective pipe, the lead must be melted by a hot fire frtmi several 
hubs, to spring out one piece. This process is ohjectiouable for 
several reasons, but is inevitable with this manner of jointing. 
Practically, all the tightness of a lend joint is included in the 
depth of an inch or ho, which id expanded by the action of the 
caulking tool, the gasket serving no other purpose than a mould 
for the running lead, ami frequently defective iu this office. 
There is room then for question, whether the sleeves which are 
frequently used for jointing large pipes may not be commonly 
^Applied with advantage, since they may be easily and cheaply cast, 
save the losses in length at the hubs, are joiDt«d with double- 
caulked faces, and may be cut away and replaced without tho 
trouble, expunse, and risk of a hot fire on the mains for several 
lengths. It may also be said that tlauch joints save the louses in 
length, and as "face" or aa " rust" joints may be mode tight and 
durable. They are also cheaper, altogether, than hub joints, and 
are frequently used on large mains for special connexions. With 
occasional "slip joints," or with occasional pipes or flanches cast 
to admit exfianwion, their chief objection may be obviated. 

The most perfect hub joiut is that which is made with a full 
lead packing, caulked both on the outside and inside. This 
Koans a smooth wnter-way, avoiding the use of gaskets, but can 
oaljr be applied with convenience and certainty to pipes of large 



calibre. The 36-inch force mains of the Brooklyn pnmping 
engines have 7-inch hubs, jointed in this way. In jointing, as in 
all other mechanical operations, good workmanship is essential to 
any method which may be adopted. 

Oridation. — The natural action of water on cast-iron pipes pro- 
duces oxidation. It has been held that this effect is mainly 
controlled by the constitutents of the water in contact with the 
iron, different qualities having different effects; but it is much 
more certain that the constitutents of the iron determine the 
rapidity and extent of oxidation in connexion with those of the 
water, and as ithe most prominent cause. A walk through anj 
pipe yard, after rain, very clearly shows how much more sne- 
ceptible to this action some castings may be than others, probabljr 
from the same foundry; and it is evident, without argument iu 
detail, that the ditfereuces in combination of material, and in 
method of casting, must essentially affect the liability to this 
action, and jtarticutarly with a class of castings which are impure, 
and rudely manufactured, at comparatively low prices. 

From the thickness of pipe which the quality of metal, rather 
than the limit of reeiatance, renders obligatory iu the foundry, the 
oriiinary process of oxidation involves no immediate danger to 
the castings under pressure. Its chief objection is found iu the 
impregnation and discoloration of the contents of the maius. 
Where the house taps are placed on the top of the mains, drawing 
their supply from the purest currents, and the supply is not 
subject to extraordinary agitation, oxidation may progress to « 
large extent, without making itself apparent iu the house serrioe; 
but if the hydrants are thrown open for fire purposes, or other 
causes ofgener.il agitation occur, disturbing the heavier particles 
iu tho mains, the evidences of their presence become at onoe and 
pixiniineutly sensible, and iu some cases reuder the supply unfit 
for domestic use for a length of time. With unprotected mains, 
this is an evil which can be remedied only in degree, as to tta 
palpable effects, while the process of destruction is as certain as it 
is slow. Unquestionably, different kinds of water will differ in 
degree of effect in oxidation, and different proportions of air in 
the same water have also their degrees of effect; but the promi- 
nent cause is attributable to the eastiugii themselves, as being 
more or less impure, and therefore more or less subject to 
oxidation. 

(To he con^ifMMd.) 



ON STAINED AND PAINTED GLASS. 

By Apslet Pellatt.' 

Tub a<ioption of painted windows was concurrent with the 
improvement in architecture, and especially in the introduction 
of the Early English and Gothic, which succeeded the Saxon and 
the Norman. From the twelfth to the thirteenth century the largo 
expenditure, iu England and on the Continent, on cathedrals, 
churches, and religious houses, induced a demand for decorated 
glass windows; and the early Archaic style was then generally 
introduced iulo windows, which were not only ueantiful in them- 
selves, but conferred a beauty upon the interior architectural 
de<»ration3 of these ecclesiastical buildiugs. At this peritxl and 
for centuries subsequently, the Archaic style was adopted ; it 
consisted of a perfect mosaic of rosettes, flowers, leaves, and other 
designs. The borders consisted of small pieces of variously 
coloiiretl gl)is8, secured by lead to the iron framework of the win- 
dows, in conformity with the outline of the design. In the centre, 
secured in a similar manner, were the medallions of a single 
figure or group of tigures. The lorders were usually harmonious 
and pleasing: the drawing of the figures was often grotesque, 
and in some cases almost amounting to caricature. The leading 
of the glass, being an-auged to follow the outlines of the pattern, 
appears hard when viewed in close proximity; hut, like the 
severe outliuea of Raffaelesquo subjects on china, when viewed at 
a proper distance this harshness nearly or wholly disappears. 
Many patitma still atlhere to this severe Archaic style; while 
others, in keeping with the ta.ste of the present time, admit a 
uidlificalion of more correct outlines of the figures. A good 
specimen of the coloured mosaic treatment, with its borders of a 
flowery kind, the lesser spandrila being fitted with a Sowing 
ornament of various colours upon a red ground, is to be found 
in the circular window of the north transept of Lincoln Cathedral, 
as recently restored by Messrs. Ward and Hughes, The lower 
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lights are in contrast with those al>ove, on the grey or grisaille 
mosaic treatment, the chief parts of the white glass bein^ shaded 
or worked with brown or black lines of eiinniel colours, intersected 
with small portions of coloured mosaics, the grey chiefly predomi- 
nating. 

The mannfactare of colonred glass in small efSgies, opaque 
mosaics, and vessels, dates as far back as the Egyptians, Phca- 
nicians, Romans, &c. Its introduction for windows in the style 
rmed Archaic was during the twelfth century. The art was 
©■•naidered not merely as decorative, but as a pictorial represpnta- 
tion of Scripture hidtory, aiding Christian leaching. The repose 
and solemn subdued effect of light passing through the varied 
coloured glass contributed to the character of the subject sought 
*to be impressed upon the mind. 
L The first or Arcliaic style commenced at the latter end of the 

I twelflii and beginning of the thirteenth ceutory. Examples are 
^^_ to be found at St. Denis and Bruges, and in Canterbury, Linc<3ln, 
^^Vand Sidisbury cathedrals. The second or Decorated style was 
^^kntroduced about the end of the thirteenth century. Good 
^^Besamples may be seen at Strasburg and Gloucester (recently 
^^rreleaiied by ^fensrs. Ward and Hughes). The third or Perpen- 
dicular style, from 13»0 to 1430. Another style the Cinque- 
cento, dates from l-'iOO to 1550, examples of which are chiefly 
to be found on the Continent, — viz., at Brussels, Liege, &c.; the 
exampie.s of the Perpendicular being at Cologne, Winchester, 
York, and at St. Margaret's, Westminster. 

In the Early Eiiolish, such as the north transept of Lincoln 

Calhednil, the figures are less grotesque than in most other 

samples of that date. The figures were geoerjilly placed in 

ledallioDS, canopies haviug not then been intriHluce<l. The next 

period, the Decorative, is marked by an extensive use of canopies: 

"e drapery was more flowing and graceful, especially in the 

loured mosaic and grisaille bor<lers. About thirf perio<l the 

w stain was iutroduced, which pleasing colour »ofteue<l the 

used in the earlier styles, and had a good effect when 

led in portions, the cased red or blue being taken out to 

receive the yellow. The third, or Per|)endicular, style is marked 

bj its being more soft and silvery, and also more delicate and 

refined than the preceding; having no rounded or projecting 

cornices. The Cinque-cento style is of Italian origin, and more 

picturesque, being evidently influenced by the progression of oil 

punting. All these styles obeyed the spirit of their times ; 

glass-painting agreeing with the state of the arts of each period, 

juid in harmony with the architecture and the taste of its various 

epochs. 

The principal difference between ancient and modem glass 
windows arises from the latter being brighter and of a higher 
kcv than the ancieut, while it has less tone and richness, which, 
like the paiutinga of Titian and the old masters, may be 
viewed for any length of time without fatigue to the eye. Conti- 
nental glass being thinner and of a higher key than the English, 
» fictitious surface and tone are obtained by enamel painting, 
which takes oflf the lurid glare, but deadens and too niucb lowers 
the tone: this ineffective imitjilion is easily detected. Modern 
windows of inferior material.^, being charged with bright colour 
at a higher key, tninamit too readily through the gliiss bright 
rays of different colours antagonistic to each other, which 
fatigne the eye and form an unpleasant contrast to ancient glass, 
or to that which has been recently made on the same principle, 
and which for want of a letter term we shall call antique. 
Although homogeneous flint glass is so essential for chandeliers 
aod household use, and especially for optical purposes, the reverse 
ii required for coloured wimlow glass, tcchnioilly called pot-metal, 
to imitate that of the thirteenth century. Every colour of the 
spectrum, — viz., violet, indigo blue, green, yellow, and red, are 
produce*! in glass by the use of the oxides of the following metals, 
— •viz., gold, silver, chromium, tin, copper, iron, manganese, cobalt, 
ADtimou}', nickel, and uranium: carbon also produces yellow for 
pictorial purposes. 

Window glass, although almost indestructible by time, whether 
coloured or of a greenish white, when long exposed to the action 
.if the atmosphere, is liable to partial surface decomposition; and, 
if not too much decomposed, prevents advantageously the too 
fi-ee pa8s.age of the rays of light through it: old glass thus artected 
softens and blends the pictorial effect; and the colours remain 
BufficieDtly vivid and brilliant without fatiguing the eye. Modern 
ataers and glass painters have had their attention drawn to 
e fact, that the agreeable bleBiling .lud harmonising effect of 
cieut glass, although occasJoually due to surface decomposition, 




owes its chief charm to the retention of the strise and small 
bubbles in the body of the glass. The constituents of such glass 
have been perfectly vitrified, and the colours fully developed; but 
being less transparent than when thoroughly fined (like the 
ordinary clear-coloured glass), it becomes less dazzling and more 
subdued. To succeed in making striated and bubbly -coloured 
glass, having a homy or gelatinous appearance similar to the 
ancient, the fining process must be arrested during the latter 
part of the fusion by reducing the heat of the metal to a sufficient 
consistency for working before the bubbles and strire are fully 
driven off: great attention is necessary on the part of the manu- 
facturer to reducethe temperature of the furnace just at the right 
time to prevent the metal becoming ttio clear. This imitation of 
the ancients constitutes the chief improvement, since 1851, as 
as regards the vitrified material. Although these gelatinous 
striffi) and bubbles are quite apparent on close inspection, they 
disappear when seen from a proper distance; a portion of the 
light becoming absorbed, but retaining the full richness of the 
colours. Pot-met.al blues, greens, and rubies, &c., by this system 
of embodying in the mass the hindrances to the too free passage 
of the light, are far superior in effect to those of the ordinar>-, 
cheap, modern, clear, bright-coloured glass. No person of taste 
should require the latter, which will fail to produce what is 
termed the peculiar "dim religious light" of the'ancienta resem- 
bling the reposing colours of the spectrum. Blue is often used as 
a background to groups or single figures, as well as to the drapery 
and borders, and may therefore be considered the prevailing 
colour; and after this are ruby and green — all pot-metal colours. 

About the year 18.'j0, Messra. Powell and Son commenced 
manufacturing antique glass of white and various pot-metal 
colours, a considerable portion of which, especially the blue and 
ruby, was equal to the best specimens of ancient gla.'Ss of the 
thirteenth century. This was selected by Messrs. Ward and 
Uughes for the four windows painted by them, and erected in 
the Temple Church, L(^indou, about the years 1853 and I8.'i4. 
Messrs. Hartley of Sunderland, and Messrs. Lloyd and Summer- 
field, of Birmingham, have also produced antique glnsB. This 
glass is striated, bubbly, and gelatinou.s, and sometimes the ruby 
ta streaky. Pieces of dark and light ruby are occasionally 
leaded separately, and placed aide by side, to give the effect of 
shading without the use of enamel colour. A national debt of 
gratitude is due to Mr. Charles Winston, author of a work on 
"Ancient Glass Pain ting," in two volumes, for his long, persevering, 
and successful efforts to revive the rich colours and low tone of 
ancient glass, the best specimens of which are to be seen in the 
four windows of the Temple Church, painted at his suggestion 
and under his superintendence. 

If the colours in these windows equal the best of the ancient, 
of which there is little doubt, it is owing to the various specimens 
he caused to be analysed, and the synthetic experiments he made 
which enabled him to reproduce the glass, and furnish recipes 
gratuitously to the glass-maker. Foreign manufacturers have, 
no doubt, availed themselves, ere this, of Mr. Winston's liberality; 
and as wood fuel and open pots succeed best for glass dependent 
upon carbfjn as a colouring eonstitutent, no doubt they will ere 
long rival our prodnctions of antique glass for windows. Messrs. 
Clayton and Bell, in their artistic treatment of the severe Early 
Archaic style; Messrs. Ward and Hughes, in their windows for 
St. Anne's Church, Westminster, of the style of the thirteenth 
century, the figures of which are treated in keeping with modern 
taste, similar to those iu the Temple Church; Alessrs. Powell and 
Son, in a window wholly of antique glass, of their own manufac- 
ture; likewise Messra. Lavers and Barraml, Ilufttor), Preedy, an<l 
other artists, have availetl themselves of Euglish antique glass, 
much of which rivals the ancieut iu rich colour and low tone, and 
has a crispuess and shellac appearance so well calculated to 
absorb the rays and retain the richness and beauty of the ancient] 
colours. While, therefore, most of our Continental neighbours 
exhibit windows of inferior material, fully equal or superior in 
artistic merit to their painted windows of 18dl, the English, 
availing themselves of the superiority of the antique glass, excel 
their exhibits of 1851. The Exhibition of 1862 may be con- 
sidered so far as a triumph over that of ISol: the artistic progre 
has, however, been less than might have been anticipatea. 

The various attempts which have been made to imitate the j 
richness and depth of the ancient material, by coating the glai 
with enamel paint, have produced no other effect than that 
depriving it of its brilliancy, and, consequently, the ghiss mint-^ 
ings in which this expedient has been reaorte<l to, of one of their 
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chief distingaiahing mciita. In all the plaaa paintings of earlier 
date than the last quarter of the fourteenth century, until which 
period the glass wiw not over clear, Bubatantial in appearance, or 
iutense iu colour, the artistf* seem to have relied for etfect princi- 
pally on tbe ricbneaa and depth of the colouring. In thosa works 
the mettns of re|irexeiilalion may be said to hare been reduced 
almost to the lowest degree. We are strongly impressed that the 
difference of effect between such ancient and modern glass does 
not depend on the state of the 8ur£a.ce, but on the composition 
uf tbe material; and thia result has been strengthened by the 
result of some experimenta recently made, by which the very 
great difference iu the composition of modem glass of the 
thirteenth century is clearly demonstrated. The cheaper sorts 
of white and coloureil gloaa, as alluded to in the Report of 
the Comniiasionera of m51, counterfeit the ancient class by 
coats of enamel colour, which only produces a misty and cloudy 
effect, merely blinding or shutting out a portion of light; but 
it catmot give the depth and richness of ancient colours. If 
varnish colour be useil for such a purpose it will only serve a 
temporary object; and even if the enamel colours bo burnt in, 
they are not always to bo depended on, being liable to crack off 
by long exposure to the action of the atmosphere. Bertini aud 
others obscure a portion of the back by roughing, or by a layer 
of white or neutral colour, so that little or no light may pass 
through the main figure of the subject, which rather resembles 
fresco than transpareucy. The latter is generally considered to be 
one of the esaeatuil conditions of glass painting. Brown enamel 
colours, more orlewdense, are nsca for stippling and sbaiUng white 
or coloured pot-metal; but if too thickly laid on at one time will 
I be liable to crack off iu a few yeara: several coats and fre<juent 
Iriug are necessary to produce permanency in the various dark 
ihades. Examples of coloured enamel painting, by Brackler, 
may be seen at Arundel Castle, the seat of the Duke of Norfolk. 
They are wholly enamel, and have no pot-metal colours ; similar 
also to several glass paintings designed by West, and painte<l 
by Jervis, in the royal chapel at Windsor. These may be 
considered as simply semi-transparent pictures, wholly out 
of the category of what is generally known as stained 

fiainted glass, by mosaic or grisaille treatment, for 
eai&stical purposes. Referring to former explanations 
on the striated gelatinous colours, called antique, used 
rnnoe 1H51, as they wei"e then shadowed out by Mr. 
Winston, and since produced by him aud adopted by 
many of our English artiste, but as yet feebly followed 
by Continental painters, it is somewhat remiukable, 
that while clearness of metal constitutes the greatest 
improvement in ilint glass, the reverse should l« the 
case for window glass; iu fact, that while homogeneity 
should bo the essential property of flint glass, impurity 
i* equally necesaary for the successful imitation of the 
ancient glas3,in attaining the same depth of colouring, 
^nd the absorption of the rays to be found in the 
oloured glass of the thirteenth century: it, therefore, 
eeema anomalous that the inferior fuel, for melting 
tbe materials, also that the metals, sand, and alkali 
possessed by the ancients, which were less pure than 
those used by the moderns, should have furnished 
greenish white, and pot-metal coloured glass, so exactly 
suited to produce the best effects for fiictorial wiudows. 
Kesuming our remarks upon enamel painting, there 
was tbe brown painted smear, aud stipple shading, ."Uso 
a darker enamel for lines and shadows by hatching, or 
repetition of lines, serving as shadow upon white or 
pot-metal colours. There are several methods of shad- 
iug, some being smooth, employed in early examples, and 
the latter being darker, employed in the grisaille of 
larger works. 

It may be asked, does the grotesque style of the past 
age harmonise with our present mode of thought? 
liow far does the present Exhibition, oousideriag the 
present advanced slate of the fine arts, meet the refjuire- 
meuta of the nineteenth centurj-t We reply, it is the con- 
trast between IH.51 and 1862 that affirms the fact, that in 
most oftheEnglish exhibitors, and several of the foreign, 
the art of glusu painting 1ms advanced with the times both 
ill style and artistic cxecutiou. It is, however, much to be 
regi'et ted that few of the windows can fairly be seen to ad vantage, 
owing to too much interior light, and the exterior borrowed 
lighoi of the jDresent building being so inferior. Continental 



glass artists generally adhered to the early grotesque style in 
imitation of the past age; and iu that respect, in 1821, were 
superior to the English; and, with the exception of the beautiful 
windows painted by Bertini and his school, that style is still re- 
tained. Bertini's windows iu 1851 aud 1 802 may be classed in 
the mixed style of the old mosaic, and t!ie enamelled style of tbe 
ninetecuth century. Tlie excclleuce in ilestign and execotion ot 
the former was generally admitteil, although insufficient trans- 
parency waa occasioned by the too great o[>acity of the principal 
central figure. The Morlonna and Child of Bertini, of ldti2, may ! 
be considered as one of the gems of this Exhibition. 

The art of gl.<vs8 painting c;hould liave a special mode of treat- 
ment, impresjied upon it by the nature of the material, as oil for 
canvas, and fresco fnr ceilings and walls. Glass being th» 
medium through which the light patises, transparency must be its 
condition: different degrees of transparency are admissible: bu( 
when a large portion of the glass is so opaque aa almost wholly 
to preclude the transmission of the rays, an essential condition is 
infringed. The style of the sixteenth century, or earlier periods, 
modified by the taste and feeling of the nineteenth century, 
should be supported by our designers aud glass jiainters. With 
good original designs, improvtid antique j^las-'i, judiciously leaded, 
with a proper degree of trunspwrency, tirat-rate drawing, good 
shadows, and well-arranged colours, forming, as a whole, a work 
of art, rich, harmonious, aud impressive, patrons will not be 
wanting for the decoration of our eecl&siasticid or domestic build- 
ings. No doubt artists ai-e influenced considerably by their 
patrons, each of whom may have his settled cuuvictioua as to 
style, (Sec. We should, however, endeavour to preserve tbe 
beauties and avoid the defects of the drawing of earlier ages; but 
no re*won exists, why, as pottery, carving, statuary, and the fine 
arts, have generally advanced, glass painting .should be impeded 
or restricted in its progress towards the perfection of the art. 



MERITON'S IMPROVEMENTS IN MARINE BOII 
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Mr. Meriton's improvements iu marine and other 
boilers, consist chiefly in au arrangement which enables hi 
to introduce at tbe back of the firegrate, in the up-take, a Mrie« 
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' vertical or JDclined tnbes of a circular, oval, or any convenieot 
form, connecting the water-spaco at tlie top of the toiler with 
the water-space at bottom of boiler behind tlie bridge at back of 




ht^, and thercbj increasing the heating nurface and conneqncnt 
iporative efficiency of the steam-boiler. By this arrangement 
he ia also enabled to render the- tubes and other parts of the 
^^oiler more accessible for the purpose of repairs and cleaDing or 

^ 




.- CIL. 



Fia. 3. 

clearing operations, than other forms of boilers. The advanta^ 
claimed for these improveroent-a being the facility with which 
boilers construeted upon this principle may be thoroughly re- 
paired, and the parts most subject to wear raay bo renewed, 
without laying up the vessel for any length of time. Boilers 
constructed upon hi:) principle, he states, may be used for a very 
znuch longer period witliout requinug lifting, than ordinary 
boilers. 

In the engravings, Fig. 1, is a front elevation, with doors at 
one side remove<i; Fig. 2, a longitudinal section; and Fig. 3, a 
plan of an ordinary rnariue tubular boiler, to which Mr. Men- 
ton's improvements are applied; and it will be seen that these 
improvements do not interfere with the present construction of 
boiler, but consist in intro^Jucing, as before stated, into the up- 
take A, a series of tubes BB, wliich may either be placed verti- 
cally, as shown in Fig. 2, or inclined at such angles as may be 
found desirable; and the tubes themselves may be made either 
circular in section, oval, or of any other suitable sectional 
form. The smoke and heated currents of air pass from the fire- 
boxes CC, around the tubes BB, and thence along the tubes 
placed as in ordinary marine tubular boilers, horizontally, into 
the smoke chamber D, and funnel. The manhole doors are so 
placed or disposed that access can be readily had to all the tubes 
aLid all the parts of the boiler, for the purpose of cleaning or 
repair. 

Fig. 4 is a modification of Mr. Meriton's invention, aho applied 
to a marine tubular boiler, of which it is a longitudinal section, 
in wliich the connection between the water-space at the top of the 
boiler and the water-space at bottom of boiler is maintained by a 
tube or tabes B; but the currents of heated air or gases nn 
made to pass through the other lul>es 6, /<, 6, b, instead of aronnd 
them, the boiler being constructed as shown, so that the tubes 
are in this instance surrounded by water — the currents of heated 
air and gases passing from the fire-boxes up through the tubes 
b, b, b, b, thence in a downward direction to the horizontal tubes, 
and to the smuke-chaniljer D and funnel. At G is a plate which 
prevents tlie currents of heated air and smoke passing direct to 
the horizontal tubes, and ia at the same time so constn;cted that 
it can with facility be removed and replaced for cleaning or 
repairing the tubes or other parts of the boiler. 

Fig. 5 is a sectional elevation, and Fig. G a plan of Mr. Mcriton's 
invention as applied to an upright or vertical boiler. B B are the 
tubes communjcating between or connecting the water-spaces 
above and below ; these tubes also atilise to a very great eiteot 
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the currents of hentod air and gases, and materiallj increase the 
heating surface of the boiler. It ia proposed also to use a deflector 
II, llio object being to deflect or tnrow off the oarrenta of 
heated air and gaaes eo as to cause them to reverberate against 




Via. 6. 
the tubes B 6, and inner shell or casing of bnjler, in order to get 
the greatest possible amount of beat before the heated air and 
gases are allowed to escape. Tlie deflector H may be made of 
ISnetal, and hollow, and tubes may be counected iherewitli, as 
indicated by the dotted Hues, for the purpose of aupurheatiug or 
drying tlie ateam. 



SANITARY IMPEOVEMENTS AND APPLUNCES AT 
THE INTERNATIONAL EXHIBITION.* 

As a general result it does not appear thai the actual thought 
stirring among men is, in sanitary contrivance, very great. The 
amount of education on the subject is still deficient, and all pro- 
eress must be slow uuiil the u.ition is brought up a little farther. 
There is, in fact, a desire for change — in some instances to the 
worse — from an ignorance of the part we have left behind. At 
the same time, the amount of knowledge is very unequally diffused 
in different parts of this country, a."* well as in different parts of 
Europe. In this country we seem to have attained a much more 
refined idea of that which is pleasant to the lungs; and we have a 
higher idea of purity of air, water, and food. Put in different 
parts of England, Scotland, and Ireland the differences are also 
great, the improvements being tho consequences rather of imitt- 
tion than of public instruction. Men learn more by example than 
precept — an old maxim, most wonderfully illustrated in the Exhi- 
bition, and which is the very cause of its existence. 

Sanitary reforms, such as they appear at the Exhibition, show 
that men are striving after materials with which to act, and also 
after forms in which to embody the well-known old ideas. New 
ideas of a purely sanitary kind we have absolutely none liefore 
us, although since 1851 the subject has grown widely. We know 
oiore of the condition of the air: we know more of the necessity 
o( ventilation, and more of its difliculty- but the progress of our 
knowled^ has not beeu seen in the Exhibition, Thus far we see 
a defect in it: the whole circle of human invention has not been 
exposed to view; and room is made for improvement in n future 
Exhibition. Although we have not showu all that has been done, 
we must not forget that much is still uiKlone. We have not 
learnt the beat mixle of ventilation, nor solved the sewsge ])roblem. 
We have not decided on the best way of rendering all the food 
Bold to the poor and to the rich perfectly free from noxious 
adulterations. We have not liberate<l ourselves from the fear of 
being poisoned by arsenic on the walls; nor, if this be poisonous 
when used on paper, have we decided if it is wise to live with 
other noxious metals around ua ready to fail in powdery oxides 
as dust into our lungs. We have not solved the problem of the 
best pipe for supplying water, which with the purest supply shall 
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still give us no lead or injurious metal, although one patent which 
has gone far towards this exists, but little used, and not exhi- 
bited. We have not learnt how to live in great communitie9, 
enjoying the advantages of social intercourse, without the disad- 
vantages of many accumulated evils, in which we breathe with 
dislike. Wo have not solved the problem of smoke, of sulphur, 
and of arsenic in our towns, our manufactories, and especially our 
mines and metal works. We cannot warm and ventilate a small 
room so as to make it healthy and comfortable; and we cannot 
build a house suited to the wants and the w.Hgc-s of our popula* 
tion. 

These are a few of the problems before us on which the nation's 
eyes have beeu more distinctly fixe<I; and the response in the 
Exhibition has not been so great as the intellect of the country 
led us naturally to expect. 

VEWTILATIOir. 

There are several attempts to solve the great qneslion of ven- 
tilation. Amongst these, several applications of wire-ganze and 
fjrforated zinc for ventilating rooujs are included in our section. 
he general princii>le of all of these ia the admi^i8ioll of frt«h air 
diffusetl through a small opening, either by simply drawiug dowu 
the windows, or by openititj a slide valve: there is nolliiug in any 
of them calling for special remark; but genenilly tliey are .■Jl 
applications of a long-established principle made in the right 
direction. CJooke's apparatus claims to do more than this, but it 
was not demousti-ated to the Jury. It is neat, and never intru- 
sive, and must, like ail gauze blinds, remove an immense amount 
of dust. Two other fortua of ventilating nppanvtua are exhibited! 
in the same place, which have higher claims to cntonxMHl tli.ri] 
One is the glass-louvrcd ventilator of Mr. Moore (United 
— 2393), the very extensive introduction of which is 
proof of its simplicity anil usefulness. The other is a concentric 
tube, exhibited by 4ir,M'Kiiinell (United Kingdom — 2392), with 
its application to the veutilation of ships and dwellings. Tliere 
are other applications of the same principle not in the Exhibition, 
but Mr. M'KinneU'a contrivauce is an ingenious adnptation, and 
merits recompense. We preferred to select the gliiss-louvre of 
Mr. Moore and this ventilator of Mr. M'Kiunell for honourabU 
mention; the former on account of its simplicity and general 
utility; the latter on account of its applicability under ccilain 
conditions to closed apartments and holds of !4lii[is. Mr. Moore'* 
ventilator is of glass, and in the form of a Venetian blind. U 
opens or shuts by changing the angle of the laths of which it 
composed, as a Venetian blind does, but it ia not made to I 
rai.swl or lowered. 

There are sever.tl applications of the principle of warming pari' 
of the fresh air admitteil into dwelling-houses by means of tb 
waste heat behind tho fireplace. They are all impr-ovemeul 
more or less ingenious, and in the right direction; but the aubj 
is comparatively new, and none of lliese applications are of sui 
imp<jrtanec as to merit special recompense. 

Mr. Watson, nf Leeds, lind long ago introduced Ids dmible tu 
or lube with R diaphragm, which undermany circumstances, acta 
remarkably well; but instead of one branch having a current up 
and another down, it fn'quently happens that the air is found 
moving in both lubes iu the same direction. Mr. Muir, of, 
Glasgow, removed the difficulty to a great distance by having the 
square tube crossed twice diagonally, and so oauaing with almost 
evei'y wind an inclination to produce a difference in the four 
currentfl. There are numerous situations in which it most 
supply abundant pure air at all time«i. These four tubes are 
stationary substitutes for the two cowls, one towards the wind, 
the other from it, and which must be moved acconling to the 
direction of the wind. There ia however a natural difficulty 
inherent in the subject itself — that of causing two curienta of air 
to run together so very closely. Mr. M'Kiunell puts one tube 
within the other, and this plan is said on high authority to b« 
extremely beneficial in holds of ships. I3ut when currents of air 
come so near each other, they must cfuiso numberles* eddies, aud 
the impure air can only pass after being very much mixed with 
purer air, and thereby a much gi-eater amount of heat is lost 
than is at all needful. Many praiseworthy attempts are made to 
purify the atmosphere of a room by merely bringing the air 
through perforated wire-gauze, ziuc, or glass. 

There nva several inventions for causing the air to torn coroen 
before entering a room, — that is, to cause it to enter in a <igMg 
manner. There may be some value in this, as the great viowoes 
of the wind ia prevented, aud raiu ia also kept out at the 
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time; but they promiae little. No invention in ventilating will 
ever dispense with an abimdant supply of pure nir. Many have 
L» good method, but are afraid to use the large quantity of air 
Ixeauired. 

[ Messrs. Donlton and Co. separate the flue of the ordinary fire* 

[place into two parts with a zinc partition: the one is for the 

Lamoke: the other is connected with the upper part of the room by 

'$M opening, where Arnott'a vjilve ia usually put. This removes 

the warm and fouled air ; the draught being caused by the heat 

of the parallel flue, as well as the heated air of the room. Au 

.Araott's valve may bo addetl. This of the Messrs. Doulton 

■ flaanol be adapted to ordinary dreplaces, but it seems to be 

extremely promising for new houses. 

The Alilitjiry Commission of Vienna, appointed by the Govern- 
ment to inquire into the question of veutiiation, has decided on 
luaiug mechanical meiins; and a fan drives the air forward into the 
garrison hospital. A medal was awarded to the Imperial Koyal 
Commission. 

Mr. Zimara, of St. Petersburg (Russia — 316), exhibits a stove 
which coudncts the heated airaud products of combustion through 
a numerous collection of earthenware tubes under the dwellings, 
and allies itself more with the old Roman method. It is a plan 
which in cold climates may beof the greatest advantage, although 
too heavy, cumbersome, and expensive for small houses, even 
there. By it the whole uuder-part of a house is in fact converted 
^ into a Dutch stove, which long retains its warmth. A medal was 
^ given to Mr. Zimara. 

Mr. W. Pierce (United Kingdom — 2295) is mentioned honour- 
ably for his mode of Huthuanoe'a drying chamber for clothes. 

None of the models at the Exhibition use the heat of the fire so 
\tts to warm the space between the walla, and to render ita drying- 
Toom for clothes. The model washiug-housea arc veiy valuable 
for the poor, but a comrawlious way of using the heat produced in 
their own fires at home is very much wanted. At present a gre.at 
deal of the heat is e^ipended in drying bricks and morttr that 
never ought to have been wet. This would be much better em- 
ploye<l in warming the room itself, or even an intramuml cavity, 
which would also give nut some heat to the rooms. This, how- 
ever, occupies space, which is not generally to be spared. 

The great demand in this country is for warratli and dryness; 
Ljgive these, and we ai-e ready to ventilate sufficiently; deny these, 
'and the whole population iustitiotively prefers bad air to cold- 
giving air: therefore^ if we ventilate sufficiently, we mast warm 

AS TO DRY "cLosrrs," 

Mr. Spence had some time ago cured bis own house in Pendle- 
ton, Manchester, of a sewer disease, by connecting the sewer with 
the house chimney; and he proposed to carry all the air of the 
sewers into chimneys, or into one great chimney which would 
supply the whole city, the effluvia to bo disinfected by the smoke: 
this plan included the separation of surface-drainage. But the 
sepiinitiou of surftice-drainage would probably render the opera- 
tion of purifying towns a profitable one, even with our present 
knowledge of the value of sewer water. Mr. Spence went so far 
•s to propose one chimney for the whole of Manchester — a bold 
and (many will add) a fine idea. The ventilation of sewera 
and of water-closets by lp.idiug the effluvia into the air without 
disinfection is a most iuetticient method of purifying air. It cer- 
tainly removes the evil from our own houses, but it sends it to 
our neighbours, although in a more diluted state. If this were 
done by a whole community, we should have our towns no whit 

tter than now — f>erl]apa worse; because there are increased 

ducemeuts given to evaporation. If the sewers are ventilated 
owever, Dr. Steuhouae'a mode, through charcoal, is decidedly 
the beet. 

Several have acted on the idea of disinfection, and produced dry 
closets which shall give no effluvia. G. Smith and Co., of 
Glasgow (United Kingdom — 2401), have exhibited one which 
pours out sawdust from a perforated Iwx every time the lid is 
cloaed. Mr. Owen, of Manchester, had some time before done the 
same with McDougall's disinfecting powder. The same sub-staiice 
is used by Messrs. Muir and Carrick in their dry water-closet; 
and Dr. Lloyd, of Anglesey, seems to prefer charcoal in that 
which he has' been recommending: be seems to have been the first 
of the class, and made many models not brought to the Exhi- 
bition. There seems, in fact, to Xw a movement towanls dry- 
doeels, and an inclinatiou to oliject to water-closeta. This has 

sen from the cmdition of the Thames chiefly; not unconnected 
also with the Clyde, as well as some small streams scattered up 




and down England. This feeling has producetl several ingenious 
schemes, one from Dr. Joule, who lor a while left his other 
important investigations, and contrived undergronud receptacles 
for sewage, which receptacles should be emptied by air-tight carts. 
Of these underground receptacles, one to every group of houses 
was considered not to be a return to the old cesspool method, 
which allowed one or nioi*© to each house; and they were to be in 
the towns, because the sewage, not being mixed with the water of 
towns, would not tlow far, from its want of fluidity. The experi- 
ence of Paris seems conclusive against tliis system, although, aa 
Dr. Joule projected it, it ia far superior to that which the Parisians 
are anxious to get rid of, although it ia similar in kind. Mr. (>. F. 
Glassford has long advised receptacles of a similar kiml, but at 
greater distances : he draws the sewage from them into larger 
receptacles by pumping. 

In Berlin and in Paris the system has been carried on more 
carefully than anywhere, and so-called closed vessels are used for 
the purpose. But it is scarcely possible to keep such vessels well 
closed. Disinfection by chloride of zinc is adopted for the cess- 
pools, but whoever has watched the process must be satisfietl of 
Its failure. Nowhere does the emptying of ash-pitK among us 
cause such a nuisance as the emptying of a disinfected cesspool ia 
Paris, with several officials to watch its progress. 

It is rather strange to see how easily men's minds are diverted 
on some points. We forget the great delivei-ance obtained by 
water-closets, anil some are actually willing to go back again to 
a state of pain and misery for the sake of our rivers, instea*! of 
coutinuiug the process begun, and bringing it to perfection. It 
needs but little ingenuity to reject all inventions made by those 
who have laboured for the benefit of mankind, and to return to a 
primitive state of filth and discomfort, as m.iny contrivances now 
seem bent on driving us. We may consider it as certain that no 
plan will ever l^e devised for removing refuse from our houses 
equal to an underground flow, self-acting and out of sight. To 
wish more seems impossible; to perform this is known to be 
possible: to remove a few difficulties connecteil with its use in 
some places is all that we require to render the aysteni perfect. 
The wants of. society are becoming more numerous; there is no 
room above-ground for the mechanism by which these wants ah:dl 
receive attention : the earth can cover up or destroy all that 
annoys us. It must, however, be confessed that there is a neces- 
sity for the dry system in many places where cold or dryness 
prevents a flow. 

WATER SCPPLT. 

Fortiu-IIermann, Brothers (France — 118y), have introduced 
several alterations into the system of water supply : amongst these 
is a mode of joining pipes. The two pipes are attached by an iron 
collar, rather loosely, so as to allow a collar of lead which is fixed 
on each to slip under the iron collar : the lead ia then hammered 
inwards. By this means a certain flexibility is obUiined in the 
joints, which is an extremely important consiiieratiou. The two 
y>ipeH m.iy be lifted up as oue. When it is required to undo them 
the flexibility may b« extended to rupture by one or two men 
le.aping on the point of junction, the distant extremities of the 
pipes being supported. The wjiter-taps are made so that they 
shut themselves by their simple weight: they are opened by 
merely lifting up the point, as there ia no pressure of water. This 
pressure is removetl by each being supplied with a small cistern^ 
ke[)t full by a ball and tap. The entrance to the water-tap on 
the euiseways is made by one pipe sliding over another, so that 
when waggons pass over it the opening sinks with the pavesnent. 
A medal was awarded to Messrs. Fortin-Hemiann. The bouehe 
sout tnttoir adopted by the city of Paris, placed flush with tlie 
level of the ground or pavement, replaces the standpipc. It is 
a hydrant, which is also used for gutter-washing and road -water- 
ing. The Itouche d'arrotnge, used for watering public roads, is also 
a step distinctly in advance of our usages in England, wher«>| 
water ought to be abundantiy supplieil for all purposes. 

DRIOEB AND BAftrneKWARS. 

Bricks generally do not come under Section B of Class X., hut 
a perforated and highly-glazed specimen, made by Mr. Jeuninga 
(Unitefl Kingdom — 2.386), called for special attention. It is used 
at the Herbert Hospital for the purpose of preventing the rise of 
moisture into the other bricks of the building. It forms the first 
layer above the surface of the ground : by this means the surface 
can never convey its moisture to the bricks above this layer. It 
is perforated, and by this means allows free access of air to the 
space under the floor of tbo buiidiog. This brick is exoeediogly 
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strong ; and it ia believed by the inventor to increase in Btrengtli 
because of the perfomtinna. We do know tlmt h great atnouul of 
moisture may be raised from the moist earth by absorption,— an 
AiDuuMt which may, and which does, entirely destroy the health 
lid comfort of dweiling-liouses, and, we may add, the house* ihem- 
slves. The aame effect i& abundantly observable in hoaaea bnilt 
with very porous bricks or other poroua materials. During wet 
weather a great amount of water ia absorbed ; and whf n warm 
weather comes it ia evaporated, removing from the building a 
great deal of heat inatead of contributing to comfort. In this 
land of frequent showers there ia seldom an interval sufficiently 
long entirely to dry the bricks ; and tares are used to prevent 
dampnesfl, which might easily be prevented by using goo(l build- 
ing materials. We ranch need a brick for the whole building 
which shall resemble this made by Mr. Jennings in the compacU 
tiess of its strnclure nud the smoothness of its glaze. Another 
result would follow: the blackness of the rain falling in our 
smoky towns woultl not leave iUt traces: these black spots would 
be removed by showers rather than left by ihem, as we find to be 
the case wlierc a smooth sur&ce is exposed to ihe action of w^ind 
and rain together. 

Mr. Jennings obtained a medal for his general improvement in 
arrangementjs for sanitary purjwses. There are some specimena 
iu the retiring-rooms of the Exhibition. There was a complete- 
ness in the arrangements and fillings which very much pleased 
the Jury. 

EARTHEWWARE PrPES AND TBSSELS. 

Messrs. Doulton and Co., of Ijambeth (United Kingdom — 
2268), shf^wed some very Iwautiful specimena of earthenware. 
Sewers were C'.\hibltetl 3 ft. by 2 ft., and mnde in segments. The 
sewer id made with hollow walls, or two thin walla with a space 
between them. Each piece formed about the fourth part of the 
whole circumference, and is fitted on the others. When packed 
for carriajfe the hollow walls save a great deal of weight ; and the 
segments being fitted on each other save a great amuuiit of space, 
as one curve nearly corresjwnds to the other. This must effect 
a considerable saving in exfH'nae of carriage. The various parts 
are cemented ; so that here there is Rome aiTditiouul oullay in this 
respect; but for foreign shipments the p.acking and carriage must 
far outweigh the expense of cemeutiug. 

The principle has been nppliod to the formation of tuba and 
I'islerna of earthenware. In this case the segments are dove- 
tailed and cemented, very large vessels of earthenware may, in 
this manner, be made at a moderate expense. At the same time 
it is not at all improbjible that by doing this we are cutting 
instead of unravelling a knot. It seems a.s if the manufacture of 
largo earthenware vessels were rendered difficult rather by our 
ignorance, which it would be well to remove, than by natural 
obMlructions ; although a subxtilute for knowledge notyetattaiued 
must of necessity have some of the cliaracteristica of the real 
knowledge itself, ua in this fine specimen of Messrs. BouUou'a 
polten', 

A medal wa« given to Messrs. Doulton; also to Miller and 
Hochstetler (Austria — 13JK)), fur earthenware pipes; and to 
A. Richter (Austria— 1303). 

PAIJTTS. 

There ia a considerable amount of attention paid to hvdro- 
oarboD paints by Dupont, of Cherbourg (France— 1270), and by 
Hiiolz and others. These paints are chiefly pitch or wax, or both. 
The ditficully, ot course, ia to remove the dark colour of the pitch. 
This is dune in some cases with a good deal of success when the 
colours themselves are dark ; anil among these, especially, oxide 
of iron may be mentioned. M. Dupont uses it for wood nud iron. 

L Machfibi'*^ (Fntncc — 13aO) uses fat, wax, and |iitoh to cover 
pipes, as bus been done in this countrj*. These were shown by 
the Paris Commiiisioner; but the sectijm did not aerioualy con- 
sider them, both because they were brought in hastily at the end, 
and because they seemed not intimately connected with the sub- 
ject of inquiry. 

WATER PIFES. 

Water pipea of jmper and aaplialle have been made by several 
IMirliea. A curious objection wjis found to occur in Switzerland : 
the paper was eatc-n by iuaects. Guieestre and Co. (France— 1255) 
ai:ikp ihem also of sand and pitch. M. Sebille, of Nantes, uses 
hrn>ly-grouDd slate, and makes a vei-y fine tube, lie showa the 
value t<! be in the simiile mtnle of making a joining. The parts 
to bo united are melted by a hot iron and put together. When a 



eurve ia to be made the pipes are merely warmed before a fire, 
and bent as desired. The pipea are prepared in monlda, into 
which the aubstance ia put when soft, and, being pressed tightly, 
is left to cooL Pipes 3 inches in diameter inside can lie made for 
Sjd per metre, or, let ua say, per yard. With a capital of £500, 
10.((00 metrea can be made in a day, according to M. Sebille. 
When the pipe is very large, the ends have a piece of sheet^iroo 
inserted into them. About oue-fonrth of the pipe ia tar, and 
three-fun rtha of alate. The pressure which they atand is said to 
be 10 to 12 atmospheres. M. Sebille also shows tabea made of 
pitch and coarse sand and cindera, useful in coDveying acids. lo 
addition, there are tubes of lead coated with tin; the ooatiag 
made when the tube is being drawn. This plan seems to have 
gained a good deal of consideration iu France. In Manchester it 
was tried about fourteen years ago with great care. The coating 
was made when the lead was soft : melted tin was placed at the 
top of thft core which determined the size of the bore, and the 
lead took up the tin when it was soft Pipes were laid down in 
Satford, and specimens were examined after one, two, aikd three 
years. There was a manifest progress towards separation of the 
two meUds even during the first year; and iu the third year the 
spots were l>oth numerous and large; the lead aorface giving way 
more rapidly when the tin was removed. The maanfaoture was 
disco t)tinue<l. 

A medal waa awarded to M. Sebille for his ingeniotia employ- 
ment of bitumen, alate, and refuae materials. 



THE CONSTRUCTION OF LIGHTING APPARATUS 

FOR LIGHTHOUSES.* 

By Armand Masselin. 

(With Engravingt.) 

The lamp necessarily forms a very important part of the 
lighthouse (ipparatus, in the efficiency vf which, it is an essential 
element. The lumps generally used in the larger dioptric lights 
are of the class known as mechanical lamps, in which the oil ia 
forced fmra a reservoir into the burner oy means of a pump 
worked by clockwork driven by a weight. Although this con- 
struction of lamp is simple eno\igh, it requires th-it the kerpen 
should be trained to ita use, and should have a thorough know- 
ledge of the way of taking it to pieces for cleaning and then 
f tutting it together again, before they are sent to their respective 
ighthouses. As this precaution waa not at first universally 
adapted in lighthouses, complaints were made against the mecha- 
nical lamp ; and in consequence l.nmps of the simplest possible 
construction bat in(?fficient in action came into use in this country, 
couHisitng simply of a side reservoir communciatlngby a tube witli 
the burner, the level of oil in both being the same. Tlie conse- 
quent absence of overflow preveute<l a high flame from being 
obtained, and greatly impaired the efficiency of the light, which 
doubtless considerably retarded the adoption of the dioptric 
system. Prea^ure lamps were also made more lately, consisting 
of a large cylindrical oil reservoir containing a piston fitted with 
a cuppeil-lealher [wcking, the pressure being obtained by a 
number of small weights arranged roui:<i the piston, whereby the 
oil was forced through a side tid>c into the burner. These lamps 
however presented many inconveniences: the pressure could not be 
conveuieutly varied, since the addition of one weight tendevi to 
eaut the piston ont of its horizontal position and allow the oil to 
escape at the opposite side. The cylinder being made only of 
sheet brass, and therefore not perfectly cylindrical, a considerable 
difference of diameter between the ijistou and cylinder was 
re<juired; and when the oil beaime rather warm, the leather got 
so soft that it was liable to turn over and render the lamp useless. 
The piston being entirely submerged lost a portion of its weight, 
and whenever the [iressiire had to be varied, the weights taken 
out were covered with oil, and there was a gicat waste by the oil 
being spilled: there was also a liability to leakage from the body 
of the lamp being made of several parts soldered together. 

The conditions the lan>p8 are required to fulfil are: — a constADt 
and even supply of oil to the burner, equal Ui fully four times the 
cousumjjtiou ; simplicity of construction, so that any unskilled 
mechanic can take the lamp to pieces anct put it together again; 
freedom from liability to derangement; and an accurate fit of the 
various parts, so that all duplicate parts will fit equally well. 

* Coodaded bom pagv IVt. 
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To meet these requirements the -writer designed the oonatmo- 
tion of lainp showu in the vertical section Fig. 6, Plate 24, which 
has fully answered the purpose. The brass cylinder C, containing 
the oil for the Inmp, id cast solid in one piece with the bottom, 
Aud bored oat truly cylindrical, and is fitted with a turned piston 
D, having a capped-leather packing; the three pifilon rods are 
ounnected at top to a wrought-iron ring £, seen in the plan 
uf the top of the cylinder Fig. G, to which are attached the side 
lods passing down outside the cylinder to the wroiight-iron ring 
below, which carries the weight F. The piston is steadied agnicst 
any small lateral oscitiatton by six leather guidee (i fixed round 
its circuniference; and any air nndenieath ia let nut through the 
centre vent cock H. The oil is forced out at the bottom of the 
cylinder through the upright tube I leading to the burner J, the 
quantity being accurat<ily adjusted by a conical regulating valve 
K, having an index on the screwed handle which shows the 
quantity of oil supplied to the burner per minute or per hour. 
When the piston has descended to the bottom of the cylinder, it 
ia wound up again by the racks and pinions LIj. Fig. 7, shown 
attached to the bottom of the cylinder, and the oil is prevente<l 
from being drawn down from the burner by a check valve con- 
sisting of a small ball M situated in tb& feed-pipe I. The burner 
remains therefore constantly fully supplied with oil; and the time 
occupied by winding up the weight being only a few seconds, the 
overflow of oil is not visibly atfecletl. As impurities from the 
charring of the wicks, and especially a quantity of flue or dust 
from the cotton wicks, are conatimtly brought into the cylinder 
by the overflow oil, and afterwartls diawn under the piston, these 
would iind their w^ay up through the feed tube I into the burner 
J, which would cause a stoppage of the snppi; of oil to the 
wicks. To prevent this, a fine wire sieve N is placed in a box in 
the feed tube I, which arrests any impurities in the oil, and can 
be opened and cleaned out occasionally io the day-time when 
required. Should the sieve ^et stopped up during the night 
while the lamp is burning, it can be changed in Il'ss than a 
minute, which does nut interfere with the working of the lamp. 
Each wick ia provided with two oil tubes, whereby a constant 
supply of oil to each wick is obtained, instead of all the wicks 
being fed by a single exterior tube, aa in the jirevioas lamps. 

In ortler to produce a proper illumination of the horizon by 
this light, it ia essential that the full height of flame should be 
kept up, maiutaiuing the flaiue correctly in the focus of the appa- 
ratus, without which the best ojitical apparatus would be im|>er- 
fect in action. For this purpose the overflow of oil must never 
be less than three orfourtimes the actual consumption; otherwise 
the wickn will bum down to the edge of the burner, aud the 
intense heat produced would very soon destroy the burner itself. 
Moreover, when the supply of oil is too small, the heat of the 
flame has time to act on the small overflow, aud considerablv 
deteriorat<>a the quality of the oil ; and the overflow being ail 
retumeil into the reservoir, the quantity of deteriorated oil in 
the reservoir increases, uutil it is impossible to maintain a good 
flame. 

The proper shape, diameter, and position of the shoulder or 
contraction O, Fig. 6, in the glaas chimney useil for tlie lamp is 
of special iniportan<'e, since this has a direct influence upon the 
shape and height of the flame, and consequently upon the inten- 
sity of the light produced. Too sudden a contraction of the glass 
causes the flame to be reduced in height, especially that of the 
uuter wick, and no efficient flame can be obtained unless all the 
wicks give a flame of equal height. Too large or too high a 
shoulder of the glasa prevents a rapid combustion, and conse- 
quently prevonta a bright flame from being obtained, and a 
long flickering one is the result. An adjastable damper is 
phMnl over the glass; aud above this a continuous pipe of about 
6 feet ill length from the burner is required to produce a suffi- 
ciently rapid draught to sujuiort the combustion. When the 
lamp is lighted at Si-st, the wicks are kept low for some time, and 
gradually made to rise for about twenty minutes, until they riw 
about i inch to § inch above the burner; then by a slight adjust- 
ment of the wicks to obtain equal height of flame, and the occa- 
sional shutting or opening of the damper P, Figs. 1 and 2, PI. 22, 
a moflt intengely bright and high flame is obtained and kept up 
daring the whole of the night. The diameter of the burner and 
flame of a flrst order lamp is 3^ inches, aud with proper manage- 
ment the flame is kept up constantly to a nearly uniform height 
of 4 inches. 

The oil used in lamps for lighthouBes ia the refined colza oil or 
a|i»4eed oil, which is the only oil fit for the pnrpose, and is much 



snperior to the sperm oil formerly used, and is also cheaper. It 
burns with a brighter flame and does not cause so much deposit 
on the wicks, which therefore burn much longer without requir- 
ing to be tnmme<I. It also requires far more intense cold to 
thicken it than othet oils, and there ia therefore much less need 
for the amall auxiliary frost lamp used in frosty weather for 
warming the oil in the main lamp. The thickness of the wicks 
is another point to be attended to, as a thin wick gives a brighter 
flaiue than a thick one under the same circumstances. When • i 
lamp iu iu projjer condition, supplied with proper materials, and ^ 
in the hauua of a moderately careful attendant, the flame can bo i 
kept up for fully seventeen hours to its full size, uutonchedr 
without requiring to have the wicks trimmed. The quantity of 
oil couBumed in a dioptric light during a given period ia thus to a 
certain extent a test of the efficiency of the light, aa it indicates 
the height of flame kept up during that time. 

The couslrnction of the apparatus for producing the revolution 
in revolving lights is shown in Fig. 2, which represenUj a revolv- 
ing light recently constructed by Messrs. Chance, for Russia. 

The revolving platform D carrying the optical apparatus is 
mounted on a large cast-iron pedestal E, within which ia placed 
the clockwork G, for producing the revolving motion. Th«^ 
revolving platform D is carried on twelve gun-metal rollers IIH, 
centred on a live roller frame I, running round a fixed centre 
shai't J, on the top of the pedestal. The roller paths on the top of 
the pedestal E, and the underside of the revolving plalfurm D, ar«^ 
of steel; and the rollers H are fitted on their spindles with washers 
of difl'erent thickness, to allow of slightly varying their positions 
from time to time, in order to avoid (^coving the paths by 
runutng constantly in one line. The drivmg motion is communi- 
cated from the clockwork G by a pinion gearing into an internal 
toothed wheel K on the underside of the platform U. Formerly , 
a aiiupie spur wheel worked by the pinion was used, but it wa»l 
found that the motion was never steady enough in this mode of 
driving, on account of the small number of teeth in contact and 
the backlash between them: but with an internal wheel the 
number of teeth in gear at a time is mach greater, and the motion 
is rendered much more smooth and regular. The clockwork G is 
driven by a heavy weight, and the speed is regulated by a pair of 
flies on the flywheel L, which are adjusted to the proper angle for 
controlling the motion to the required speed. The whole of this 
improveil arrangement of clui-kwork and pedestal was devised by 
Messrs. Stevenson of Edinburgh, for the service of the Northern 
Lights, where its constant use for many years has proved its great 
superiority over the arrangements adopted in all other revolving 
lights. 

The optical apparatus itself is of an octagonal shape, as shown 
in the part p)uq, Fig. 4, aud the frame is constructed entirely of 
gun-metal. The catadioplric prisms BB composing the upper 
and lower portions of the light are fixed in the eight gun-metal 
standards of the frame; but the lenses A forming the central 
portion are carried in separate frames, bolted to the standard^ ] 
with a slight clearance left at the top, to prevent the risk of any 
weight coming on the rings of glass forming the lenses, whidti 
beiug in close contact with one another would give way under the 
least pressure. At the bottom the prisms B are omitted in one 
side to allow of access to the lamp C, which is erected upon a 
stand on the service table, as shown in Figs. 1 and 2. A copper 
ventilating tube M extends up above the lamp into the neck of 
the cowl. Fig. 8, Plate 24. on the plan introdnoed into the lighVi 
house service by Professor Faratiay. The inverted fumiela Hi 
placed at difl'erent levels in the ventilating tube afl'ord a tnm\ 
escape to any accidental downward gust of wind, and thus prevenlri 
any risk of the lamp being blown out; and it is found by expo*T 
rience that the wind lunv blow in suddenly at the cowl^ but thft' 
efleot never reaches the lamp. The draught of the heated air in 
the tube M also draws off through the funnels a qaantitv of the 
air of the lightroom, thereby preventing condensation of the moist 
air upon the glazing of the room, which would otherwise interfere 
greatly with the efficiency of the light. A short length of the 
tube at the bottom containing the damper P, Figs. 1 and 2, is 
made to slide upwards, to allow of removing the glass chimney, 
but BO aa not to weigh on the glass, or faU when the ghua iM-\ 
taken out 

The lantern, within which the whole of the lighting apparatus 
is contained, is shown in the port vertical section Fig. 8. It ia of 
an octagonal shape, as shown in the part plan, Fig. 9, nud is 13 
feet diameter, formed of cast-iron panels with the joints planed to 
the proper bevil, so as to fit solid together. The standards O 
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supporting the dome of tlie lantern, and forming the framing for 
the plAte fjlaas panes, are inclined alternately right and left, which 
adda greatly to the BtifFneas of the structure, while the light is not 
entirely intercepted in any vertical plane, na would be the case if 
the standards were vertiraJ. The standards are of wroughtriron, 
of a bevil section, as shown enlarged in Fig. 11; to prevent 
corrosion by the action of the sea air they are protected along the 
outer edge with a gun-metal facing R, grooved to receive the 
plate glass panes S, which are then secured in their places by thin 
covering strips of gun-metal screwed on outside. Two sets of 
gnn-mel&l astragals T, Figs. 10 and 12, to support the glazing, are 
fixed horizontRlly between the standards, at the level of the joints 
between the rofi-uctiug lenses and reflecting prisms of the optical 
ap(iaratud, so as not to stop any of the rays emanating from 
the light. 

The glazing S of the lantern consists of panes of plate glaaa 
about § inch thick, the edges of which are ground and the arrises 
bevilled to prevent breakage in fixing or in any possible shaking 
of the lantern in a violent gale. Small strips of lead are placed 
between the glass and the gun-metal frames, and the interstices 
are filled up with pvitty. The glass lies entirely within gun-metal 
frames, ana there is no difficulty in replacing a broken pane at 
any time. To guard against an accidental stoppage of the light 
through breakage of a pane in a gale, or by sea-birds flying against 
the glass, storm panes are provided, made of a copper frame 
glazed with thick glass, which are kept always ready in the light- 
room, and can be fixed in a few minutes in place of a broken pane. 
The copper dome U, Fig. 8, forming the roof of the lantern, is 
made double, with an air space between; and the cowl V at its 
summit revolves with the weathercock, to turn the opeuinga 
always from the wind, allowing a free escape for the he-ited air 
from the ventilating tube of the lamp. 

The efficiency of a dioptric light depends entirely upon the 
proper adjustment of the various optical elements which compose 
it. The vertical divergence of the niys ot light depends on the 
dimensions of the flame of the lat7i{), and seldom exceeds an angle 
of 5 degrees, which is amply sutlicieut for all practical jjurposes. 
For an angle of vertical divergence eqnal to one fourth of the dip 
of the horizon illuminates half the whole distance from the hori- 
zon to the lighthouse; and an angle of vertical divergence equal 
to the dip of the horizon illuminates three fourths of that distance. 
Within a mile or two from the lighthouse however an angle of 
vertical divergence equal to the dip of the horizon illuminat«8 
only a small fraction of a mile, showing Low little is gained by 
increasing the vertical divergence at the sacrifice of brilliancy at 
the horizon. Thus, for a tower of 100 feet height, about l-Htli of 
a degree (9' 45") is the amount of the dip of the horizon, and a 
further angle of the 3;ime amount illuminates the acu from the 
horizon towards the laud for a length of 8i nautical miles, the 
total range of the light being in this ciise ll§'miles. For a tower 
of 200 feet height the dip is about l-4th of a degree (13' 46"), and 
a farther angle of the same amount illuminates from the horizou 
a distance of 12 miles out of a range of 16 miles. These figures 
show that a vertical divergence equal to the dip of the horizon ia 
quite Buflicient to illuminate the sea from the horizon np to 
witliiii a moderate range of the tower. 

The efficiency of the light do})enda also upon its being correctly 
adapted in direction and divergence to the particular elevation it 
u intended to occupy, otherwise a portion of the brightest rays 
may ]Maa above the horizon and consequently be lost, instead of 
being of service at and within the horizon. The dioptric system 
also afibnls peculiar facility for directing the light upon ,iny 
particular point where it is more especially re<pnred. Fur 
instance: a light may be required merely as a sea light, for the 
purpose of signalling to mariners their approach to the land; in 
that case the most intense light of the whole apfwiraLus is directed 
towards the horizon. Or a light may be required to illuminate 
the horizon, but most particularly the sea in the neighbourhood 
of the land, the approaches of a harbour, or some particular local 
danger; in that case the light of some portions of the apparatus ia 
directed toward.^ the horizon, and the light of the other portions 
ia deflected towards the point requiring special illumination. 



A specimen of one face of the optical apparatus, containing the 
lenses and prih-ms of a revolving light, was exhibited from 
Messrs. Chance's glass works; and also a sjwcimen of the pres- 
sure lamp used for the most powerful lights; and, in the course 
t^t/ie Jidcuaaion which followed the reading gf the pajjtr, 



Mr. Masselin stated that the old mechanical lamps were com- 
plicated in construction, and the clockwork for working the oil 
pumps had to \>& got into a confined space, being more like watch- 
work than clockwork, and requiring a skilled mechanic properly 
trained to manage it; and as lighthouses were generally situated 
at a distance from any town, it was a serious objection to have 
any liability of re(iuiriug to send away to get the necessary 
repairs done. The pressure lamps now used were of simple con- 
struction, and stronger in all the parts, as shown by the specimen 
exhibited; they had no machinery about them requiring atten- 
tion, and there was therefore no liability of the light ever failing 
from the lamp getting out of onler. Of course clockwork was 
still required for making the lights revolve, but this was so much 
stronger and larger that it was not liable to gel out of order, and 
admitted of easy repair. 

Each wick was raised independently of the rest by a separate 
screw, and all were turned up to exactly the same level, standing 
about §-iuch above the burner, of which about ^-inch became 
blackened by the flame, le^iving ^-inch steeped in the overflow of 
oil standing above the burner. 

The entire burner, together with the glass chimney, was readily 
removed by simply unfastening two screws, and it could then be 
immediately replaceil by a fresh burner, which was kept always 
ready at hand in the lightroom; but auch a case never occarml 
in practice while the light was bumiag at night, because the 
supply of oil was niuintaiue<l constantly greater than the ccn- 
suujption, insuring an abundant overflow, which pi-evented the 
wicks from burning dowji to the burner. The light wiia now 
kept lip with such regularity that the wicks did not require any 
alteration during the whole night, after having been once tul- 
joBled to the proper level for producing a brilliant flame. 

There was ample room for getting out the lamp through the 
apaoe left by either omitting the bottom panel of prisma ou one 
aide of the optical apparatus, or hanging it on hinges. In the 
old lamps, in which the oil cylinder was made rougiily of sheet 
bniHs, and therefore not truly cylindrical, the piston had to be 
made a very loose tit and the cupped leather large; and the 
piston being loadeil with weights upon it was liable to get un- 
equally weighted when the weights were changed, so that the 
piston was canted, and the leather turneil inside out, rendering 
the lamp useless, and requiring the piston te be tiikeu out for 
resetting the leather. This defect caused a prejudice at fingt 
against pressure lamps; but in the new lamps with the cylinder 
cast and bored, no such accident could occur, and they were so 
strongly constnicted in all the parts that there was now no more 
occasion for providing a duplicate lamp cylinder than for pro- 
\iding a duplicate optical or revolving appsiralus; but duplicatea 
were providetl of all the working parts of the lamp which were 
in the least likely to wear. The weiglit giving tlie pressure on 
the piston was suspended below the lamp, and could readily be 
increased or dirainishe«l :iccordiug to the degree of fluiility of the 
oil in the cylinder, without disturbing the action of the 
lamp. 

Mr. Masselin said the fountain lamps were not all abandoned 
yet, but they were being gradually replaced as they became worn 
out, by more efficient lamps. There was generally one side of the 
lighthouse towards the land on which the light was less wanted 
than on the others, and the oil reservoir was then placed on that 
side just at the level of the burner. 

The range of the light depended on the height of the light- 
house and couscriueut diKtauce of the horizon: at Lundy Island 
in the Bristol Channel, where the lantern was about fl4U feet 
above the sea, the horizou was about 35 ndles distant, and the 
light was distinctly seen at that distance. The power of the light 
at such a distance depended of course upon the concentration of 
the gre-itest possible amount of the ntys within u very small 
angle, and the angle of 5 degrees was the maximum amount of 
vertical divergence in most cases. The extreme roiuuteuew 
therefore of the angles to be dealt with rendered perfect accuracy 
of workmanship and adjustment in the optical apparatus of the 
utmost importance. The middle ray or axis of the light did not 
issue in a true dead level, but was deflected to the horizon, liemg 
depressed by the amount of the dip of the horizon, so as to throw 
the strongest part of the light full upon the horizon; and of the 
2| degrees or 150 minutes forming the lower half of the diverg- 
ence, the fin^t 10 minutes alone were sufficient to light three 
quarters of the distJince from the horizon towanls the lighthoose, 
in the case of a tower 100 feet high. If more of the light was 
wanted on the sea and less on the horizou, the axis was further 




JToT. I, U811 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



3*5 



^ 



I 



deflected, so that tbe ceatral raja fell on the sea oearer in tliau 
the horison. 

Mr. Masselin believed it was ouly in England aud the £n((li«h 
ooloaies that there were any lights remainiug on the old reflect- 
ing syBtem, as they had been entirely abandoned in other coun- 
tries for dioptric lights; and in this country the present retleoliug 
lighia would uo doubt be replaced by dioptric apparatus as soou 
as the reflectors required renewal. He did not know what waa 
the greatest distance illuuiinated by a reflecting light, but with a 
Bodicieut number of lamps and large reflectura there was uo 
reaaOD why as good a light should not be obtained by tlie reflect- 
ing system, for revolving liglita, as by the liiopiric; but the coat 
of mainteoance and conauoiption of oil waa much greater in tlie 
reflecting system, and the whole of the reHectora retjuired en- 
tirely renewing after a certain time of wear. The largest reflec- 
tors that he knew of were 21 inches in diameter, aud the greatest 
Dnmber employed in any one light wtw from 24 to 30. 

The author stated that eighty years ago there were uo Ught- 
hooaes deserving the name, but only a few towei-s with coal tires 
to serve as beacons; and even as late as 1820 Heveral of the main 
lights, at Harwich and elsewhere, were only open coal fires with 
a brass plate placed behind as a rude kind of reflector. The 
celebrated Eddystono lighthooae was originally lighted by only a 
few miserable tallow candles, and in 178U the first reflectors were 
used; but these were made only of plaster of Paris, hollowed to a 
parabolic shape, having the inner face covered over with small 
pieces of oi^inary mirror gliisa set in the plaster, which were re- 
plaiced in 1807 by copper reflectors silvered on the face. The 
old reflecting system continued in general use until lb34, when 
Fresnel's more perfect dioptric light was introduced into this 
country, the first being erected on Lundy Island. The optical 
apparatus then consisted of only the annular lenaeii forming the 
central portion through which the light wsia timply refnicted, 
without any of the catadioptric or totally reflecting prisms by 
which the light waa now rendered luminous thruughout the 
entire height of the apparatus. The number of lights now in 
use round tlie coast of England was altogether about 200, of 
which only about 38 were dioptric lights; but in the United 
States there were already more than .100 dioptric lights. 

The principle of adjustment was that each prism of glass in 
the apparatus waa separately adjuitted aud fixed at the correct 
angle for the ray from a distant fixed point, to be directed in each 
case to a focus where the flame of the lamp was aitmited, so that 
&11 the rays intersected at that focus, and the whole of tbe light 
from the lamp was consequently deflected into the required direc- 
tion towards tbe horizon. The height that the light h.ad to be 
fixed above the sea being given, tlie angle of dip of the horizon 
yraa known, and the whole of this arljustment could eonsecjuently 
be made in the works by having a sUitf erected at a diauuice aa 
the object to be viewed in making the adjustment of the pirisms, 
the staff being graduated by calculation tu correspond with the 
true direction of the rays if prolonged to the horizon from each 
line of prisms. A sight was fixed in the focus of the apparatus 
at the point where the brightest part of the lamp flame waa to be, 
and each prism waa sefvarately adjusted until the image of a 
white lino on the vertical staff waa correctly thrown into the focus, 
a separate line for each prism being marked u|)un a staff Hpeci.<dly 
gmduated for each apparatus, according to the intendeil ekvatiou 
of the lighthouse above the horizon. Tlie adjustment wtis foi^ 
merly in a few instances made at the sea coast, but by this 
arrftDgemeut it was now done at the works with much greater 
facility. Owing to the flame of the lamp being not a single point, 
but extending over a height of as much as 4 inches in the largest 
size, the central rays only could be actually directed to the in- 
tended point, and the rnys from the ujjpor and lower portions 
of the flame gave a total divergence of the light of about 5 degrees 
vertically. Formerly, aud still in France, the prisms were all 
set to a dead level, and on account of the dip of the horizon the 
central ray was consequently thrown above the actuid horizon, 
aud more than half the light was lost by being thrown into the 
air, insteiul of upon the sea; but here each prism waa treated 
separately, and set so that its central ray was depressed to the 
borizon or to a point somewhat within the horizon, so as to throw 
tbe greatest intensity of the light where it was most wanted for 
veesels approaching from a distance, and to make the greatest 
proportion of the light available. 

Dnring the process of adjustment the prisms were held in their 
plaoea by Bmall wooden wedges; and aa soon as tbe adjustment 
WM completed, Ibey were secured by a little ploaler of Paris at 



three points of each, which set quickly, and the remaining space 
was tilled in afterw.Hrda with white and red lead putty; this set 
very hai-d in a few days, and held the prisma secure in their right 
position, and prevented them fiom touching the metal frame any- 
where, otherwise the glass would soon get chip|)ed. 

Tbe required accuracy of work was obUiiued by doing the 
grinding and polishing of tbe prisms entirely by machinery of 
accurate construciiou. The prisms were set on horizoutal revol- 
ving tables, like a horizontal face plate of a large lathe, up to 11 
feet diameter, the prisms of the same section and the siime curvature 
being fixed on the same table in a continuous circuUu' ring of 
the required iliamcter, and Iiaving one face bedded in plaster of 
Paris; tbe two other faces were then ground and polished in their 
position by a set of rubbers with emery powder aud rouge« 
worked transversely by machinery aa the table revolved, aud 
mosnug at the required inclination or in curves of tbe required 
radius. 

No appearance of prismatic coloan waa noticed in the light, 
and if there were any it was so slight as not to be perceptible, 
probably on account of the resolveil coloured rays from the difl'er- 
ent prisma being 80 completely intermingle<i by the vertical 
divergence of the light as to repro<luce the white light free from 
prismatic coluui-s. 
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Th£ tbirty-«econd eeaaion of the British Association com- 
menced its meetings at Cambridge on the 12th ult. 

The University and tbe municipal authorities did all in their 
power to amtribute tu the success of the meeting, and to the con- 
venience of the members and visitors. The Senate-house and the 
halls of the various ooUegea were thrown open for the meetings of 
the sections, and tbe corporation placed the Guildhall at tho dis- 
posal of tho Association for their general and evenin:» meetings. 
The Fitzwilliam Museum, the (Jeologicid and Minendogical Mu- 
seums, the Observatory, the Museum of Comparative Anatomy, 
and the Botanic Garden were thrown open daily during the 
meeting of the Association. 

The first general meeting was held ou the 12th ult., at H o'clock 
p.m., in the Guildhall; among those present were — the Earl of 
Enniskillen, Lord Wroltesley, thfe Vice-Chancellor of tbe Univer- 
sity, Sir P. Egerton, Mr. Walt»ole, M.P., the Dean of Ely, Mr. 
Fairbairn, F.U.S., Mr. Tit*, M.P„ Mr. V. Harcourt, Mr. E. Chail- 
wick, Rev. Dr. Whewell, Dr. Leaping well, Professors Owen, 
Huxley, Phillips, Smlgwick, &c 

Mr. Fairbairn, F.ft.S., the retiring President of the Associa- 
tion, aaid — " Ladies and gentlemen, it is my pleasing duty to in- 
troduce to you Professor Willis, the next Chairman of the 
British Association, I need not refer to the services which Pro- 
fessor Willis has rendered to science ; they arc well known iu 
Cambridge, and in the country, and appreciated by all the 
learned societies of Europe. I cougi-atulate you on his app<')iut- 
nient to tbe chair, and I am quite sure it will do honour to 
the British Association. Last year, at the meeting in Manchester, 
there were brought«forward many subjects of great interest to 
science, which were most ably discussed, and I have uo doubt the 
result of the meeting now taking place under the auspices of the 
learned Professors of Cambridge will be equally successful. It 
therefore gives me great pleasure to introduce to you my teamed 
friend. Professor Willis, aud to resign the chair to that gentle- 
man, who will now address yoa for the first time aa President of 
the British Association. 



1 




UQ 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



pfoT. 1, 18«5 



ProfeMOt Willis then took the chair, and delivered the inau- 
gural address. The Professor first referred briefly to the early 
history of the Association, and then presented a oonipre- 
heneive review of the various iuveatientions carried out by 
committees or individual members, by the help of the funds of 
the Association. He tiieu procee<led to point out some of the 
most striking advances mode in science during the past year, and 
said:— 

" In Astronomy. M. Delaunay has communicated to the Aca- 
demy of Scieuces of Paris the results of bis long series of calcu- 
lations in the Lunar Theory, destined to fill two volumes of the 
Memoirs of the Academy. The first volume was published in 
1861; the printing of the other is not yet begun. This theory 
gives the expressions for the'three co-ordinates of the moon under 
an analytic form, and carries those for longitude and latitude to 
terms of the seventh order inclusive, that of Plana extending 
generally only to terms of the fifth order. The addition of two 
orders has required the calculation of 1259 new terms for the 
longitude, and 1086 new terms for the latitude. It was by hav- 
ing recourse to a new process of calculation, by which the work 
was broken up into parts, that M. Delaunay has been able to ad- 
vance the calculation of the lunar inequulities far beyond the 
limits previously reached. 

The Earl of hosse has given to the Royal Society (in a paper 
read June 20, 1861) some further account of researches in side- 
real astronomy, carried on with a Newtonian telescope of six 
feet clear aperture. These researches are prefaced by an account 
of the process by which the six-feet specula were made, a de- 
~ ription of the mounting of the instrument, and some considera- 
^tious relative to the optical power it is capable of. A selection 
^m the observations of nebulee is given in detail, illustrated by 
drawings, which convey an exact idea of the bizarrerie and as- 
tonishing variety of form exhibited by this class of cosmical 
bodies. 

Argclander, the eminent director of the Observatory at Bonn, 
is carrying on with great vigour the publication of his Atlas of 
the Stars of the Northern Heavens within 'J'2° of Polar Distance. 
A largo portion of this enormous work is completed, and two 
volumes containing the data ft-om obserration tor the construc- 
tion of the charts were recently published. These volumes con- 
tain the approximate places of 216,000 stars situated between 
the parallels of 2° south declination and 41° north declination. 

Simultaneously with the construction of stnr-cliarta, among 
which those of M. Charoornac of the Paris Observatory deserve 
particular mention, additions have been made to the number of 
the remarkable gixiup of small planets between the orbits of 
Mars and Jupiter, their discovery being facilitated by the um of 
charts. The last announced, which is No. 74 of the series, was 
discovered on the morning of Sept. 1 of this year, by M. Luther, 
of Bilk, near Diisseldorf, whose diligence has been rewarded by 
the discovery of a large number of others of the same group. 

'* The present year has been signalised by the unexpected ap- 
pearance of a comet of unusual Drightuess, which, although its 
tail was far from being as conspicuous as those of the comets of 
1B5B and 18GI, exhibited about its nucleus phenomena of a dis- 
tinct and remarkable character, the recftrds of which may pos- 
sibly at some future time aid in the discovery of the nature of 
that niystcrioos action by whirfh the gaseous portions of these 
erratic bodies are so strangely aflected. 

" On an application made by the Council of the Royal Astro- 
nomical Society, Government has granted i'lOOO for the estab- 
lishuieut, during a limited period, under the superintendence of 
( Captain Jacob, of an Observatory at a considerable altitude above 
tlio level of the sea, in the neighbourhood of Bombay. The in- 
teresting reisults of the ascent by Prof. Piazzi Smyth a few years 
since of the Peak of Teneriffe, for the purpose of making astro- 
nomical and physical observations, suggested to the President 
and Council of the Society the desirableness of taking this step. 

In Chemistry the greatest advance which has been mode dur- 
ing the past year is probably the formation of compounds of 
carbon and hydrogen by the direct union of those elements. 
M. Berthelot has succeeded in producing some of the simpler 
compouudsof carbon and hydrogen bytheaction of carbon intensely 
heate<l by electricity or hydiogen gas; and from the simpler 
compounds thus formed he is able to produce, by a succession of 
steps, compounds more and more complex, until he bids fair to 

Eroduce fruni inorganic uources all the compounds of carbon and 
ydrogen which have hitherto been only known as products of 
or^aaio origisi. Mr. Maxwell Simpson baa also added to his 



former researches a step in the same direction, producing 
organic products by a synthetical process. But these important 
researches will be fully laid befofe you in the lecture on Organic 
Chemistry, which Dr. Odliug has kindly promised to this 
meeting. 

Dr. Hoffrnann haa continued his indefatigable researches on 
Poly-ammonias, as well as on the colouring matters produced 
from coal-tar. Mr. Scbltesing proposes a mode of preparing 
chlorine by a continuous process, which may perhaps become 
important in a manufacturing poiLt of view. In this proona 
nitric acid is made to play the same kind of part that it does in 
the manufacture of sulphuric acid, the oxides of nitrogen acting 
together with oxides of manganese as carriers of oxygen from 
tlie atmosphere to the hj'drocbloric acid. 

The metliods of dialysis announced last year by the Master of 
the Mint, and of spectrum analysis, are now in everybody's hands, 
and have ali-eady produced many interesting results. 

In Civil or Mechanical Engineering there is nothing very new. 

The remarkable series of experiments carried on at Shoebury- 
neas and elsewhere, have developed many most interesting Eacta 
and laws in relation to the properties of iron, and its resistance 
to projectiles at high velocities, which will doubtless be fully laid 
before you at some future period; but in the present imperfect 
state of the investigation, and in consideration of the purpose of 
that investigation, prudential reasons forbid the complete publi- 
cation of the facts. My able predecessor in this chair, who has 
taken so prominent a part in these experiments, has given an 
account of some of the results in a communication to the Bojal 
Institutiou, in May last, and also in the new volume for 1861; 
andis, as he informs me, engaged with a long series of experi- 
ments on this subject, which, with his experience and ability, 
cannot fail to develope new facts, and will iu all probability 
ultimately determine the law of penetration." 



Skction G. — Mechasicaj. SciKVOB. 

PrtMtBt>-W^. Falrbairn. 

Vmi-PTuiitiili: — Jvaum VtmmjWx; ?rife«or J. H. KaDkine; Dr. SoblnsciB; Joha 

Boott BoimU; Prafonor JiunetTbommt; Cbarle* Tignolet. 
Ster*lari<}:-V. Le Jfevo Ko»t«r; Wta. M. F«waat. 
C\jmii>i«<«:— Knljcrt Aherocthy; J. O. AppoM; Tbeo. A«taD; Adminl Sir Sdvard 

B«lcher; Ueo. Bidder; Sir John Dalrympla Bay, Bart.; ProfMior DovniBs; Mv. 

£utoa: J. M. UUbort; Jamea Br<«wood; Dr. Joule; W. Lladlry; J. O. Mirl«— ; 

J. McCoonell; Kob«rl Mallol; Robert W. Mjrllte: J. R. Napier; Jawea OhUuB; 

WUU&m Pole; WUIlun Smitli: C. W. Sienmu; Tbomiii Webiter. 

Mr. Fairbairx, in opening the proceedings, said 
*' Every succeeding year presents to our notice some new featore 
of construction or some new application of science to the useful 
arts. Last year we had to record several new discoveries in 
chemical as well as mechanical science, and this year is fruitful 
of machinery and the industrial developments as exhibited in the 
courts of the lutcrnationui Exhibition. It is not my intention 
to occupy your time with a history of these exhihitiona, but I 
may be permitted to notice some of the moet interesting objecta and 
some of the ingenious contrivances which we aie called upon to 
witness, and which do honour to the age in which we live. 
Before I venture on a description of these objects I must however 
crave your indulgence while I endeavour to notice some of the 
more important improvements which have tuken place iu me- 
chanical science during some of the past years. 

It may be stated that there is no period of the past history of 
science so fruitful in discoveries as the present century. Within 
the last fifty years we are enabled to enumerate the application 
of steam as a motive power to every description of mannfactnre, 
as also to navigation, locomotion, and agriculture. At the close 
of the eighteeuu) century the power of steam and its now almost 
universal application was, with the exception of a few engines br 
Boulton and Watt, comparatively unknown. Now it ia the hand- 
maid of every description of work. This we may consider as the 
present state of steam and the steam-engine, and we have only 
to compare the small but beautiful construction of engines for 
private and domestic use, as seen in the Exhibition of wis year, 
with those which propel our fleets, drain our mines, aud move 
with clockwork precitiiou the innumerable machines of our mano- 
factories. To these we may add the use of steam to locomotion, 
and we realise the law of heat reciprocally convertible into me- 
chanical force, or the dynamic theory of work done, in the energy 
of nearly lOtHi horses power at fifty miles an hour. 

The introduction of steam aud its application to such a variety 
of purposes was shortly followed by that of gas, aud this brilliaok 
diaoovery we owe (o the untutored mind of one of oar first work- 
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ing mecbasica, William Murdoch, of Suho, the aasiatAnt and 
eonteruponiry of Watt Mr. Murdoch lighted np hia owu house 
|Uid Soho about the year 1802 or 1803, and in 1804 ffna was first 

I applied to light Messrs. Philip nud Lee's cotton loilla at Man- 
cnester. For some years it made little or no progress, but it was 
in 1814 employed for lightiug the streets of towns; and we are 
therefore iudebted to William Miirtloch and carburetted hydro- 

' gen for the enjoyment of a pure aud Lrilliaiit light in our streets 
and public buUdings, and in almost every house and town in the 
•upire. Next to gas came sleatn uavigatiou, railways and loco- 
motion, and subsequently the electric telegra[ili. 

I shall now only advert to those defHtriments of scieore in 
which the meiubers of this section are more immediately inter- 
ested. In taking even a cursory view of the machinery of the 
two annexes of the Inbei-natioual Eshibition, we cannot be other- 
wise than struck with the multiplicity of the objects, the perfee- 
tion of the execution, and the accuracy of the tools, together with 
the numerous devices by which these are attained. A very 
c&saal glance at this Exhibition, when compared with that of 
1851, and that of Paris in 1855, shows with what intensity and 
alacrity the public uiitid has been at work since the people of all 
nations were tirst called upon to compete with each other in the 
peacefnl rivalry of mechauioil art. As one of the jury, I exam- 
ined wilh care and attention the whole of the mechanical inven- 
tions and machines in the luteruational Exhibition. There is 
uo new discovery of importance, except that the machiues are 
more compact and better executed than at any ptevioua Exhibi- 
tion, Taking the Kxhibition as a whole, there is no very great 
nor very important discovery in mechanical science, but there ia 
a greatdeiU to be seen of a character both intercatingaud instruc- 
tive. In land steam-engiues there ia nothing particularly attrac- 
tive, if we except the growing importance of the horizontal, 
which is rapidly snpplauling the beam, or vertical, engine. To 
the Lorizonud system may be applied economy in the first cost, 
and nearly equal efficiency in its application to mills and for 
manufacturing purposes. Another important feature in these 
engiuea is their auiootb and noiseless motion, their compact 
form, and tlie facility with which they can be applied as helps, 
or asaistjinLs, to those of larger dimensions. They are, moreover, 
executed with a degree of finish and accuracy of workmanship 
which cannot easily be surp^issed. In the agricultural depart- 
ment the same observations apply to this description of engine, 
where it is extensively used on a smaller scale. They are 
equally well made, and the country at large are chiefly indebted 
to our agricultural engineers for many ingenious contrivanoea, 
and for their successful application, not excluaivoiy to the 
fium, but to many other useful purposes in the economy of rural 
life. 

From the motive power employed in our manufactories and its 
Adaptation to agriculture, let us glance at the beautiiful execution, 
compact foiTu, and colossal dimensions of our marine engines; 
and we shall find ia combination simplicity of form, concentra- 
tion of power, and precision of action never before equalled in 
this or any other country. Those who have examined the speci- 
mens of Mr. Pcnn and Messrs. Maudslay and Field in the Inter- 
national Exhibition must have been struck by the beauty and 
exactitude with which these engines are manufactureil. In this 
department of construction we are without rivals, and it ia a 
•ouroe of pride that this country, as the tirat maritime nation in 
the world, should stAud pre-eminently firat as the leader of naval 
propulsion. In locomotive as in marine constructions we are 
not behind, if we are not in advance of, other nations, although 
it must be admitted that several splendid specimens of engines 
from France and Germany are exhibited by some of the best 
amkers of those conntiies. There ia however this distinction 
between the continental locomotives and those of home manu- 
facture, and that ia, in this country there is greater simplicity cf 
deaign, greater compaclnesa of form, and clearer conceptions in 
working out the details of the parts. These operations, when 
cnrefttlly executed to suindard gauges, render each pai-t of an 
•ogine a &caimile of its fellow, and hence follows the perfection 

I of a BTstem where every part ia a repetition of a whole series of 

^puti, and in BO far as accuracy is concerned it is a great improve- 
Mat on the old system of oonatmction. 
The other parta of the Exhibition are well entitled to a care- 
ftil inapection. In minerals and raw materials the collections 
an numerous and valuiible to an extent never before witneased 
in any Exhibition; and the articles, fuel and ores, will be found 
highly inatruative. The machinery for pumping, winding, and 



crushiug, is upon a ncale anfflciently large and comprehensive to 
engage the attention of the mechanic and miner, and it is only to 
be regretted that in every case competent persona are not in 
attendance fully prepared to explain and initiate the inexperi- 
enced student in the principles of the workings, and the cases of 
instrumenta so neatly classiHed and spread before him for instruc- 
tion. 

In the machinery department, although there is nothing 
that strikes the observer at first sight as new, yet there are many 
useful improvemeDta calculated to economise labour, and facilitate 
the operations of spinning and weaving; and in tool-making 
there never were, at any former period, so many hand.^ and heada 
at work as on the occasion pending the opening of the Exhibition. 
I do not believe that at any former period there has been such 
an exhibition of machines, and of tools which are the creators and 
makers of the machines themselves. Some of the tools, such as 
the turning, boring, planing, and slotting machines, are of a very 
high order; and the tool machinery for the manufacture of fire- 
arms, shells, rockets, &c., ia of such a character as to render the 
whole operations, however minute, perfectly automaton, or self- 
acting, with an accuracy of repetition that leaves the article when 
finished identical with every other article from the same machine. 
Sucli, in fict, is the perfection of the tool system as it now exists, 
that iu almost every case we may calculate on a degree of exacti- 
tude that admits of uo deviation beyond a thousandth part of an 
inch. 

Among the many interesting mechanical objecta exhibited in 
the two annexes, may be noticed aa original the spool machine 
for the winding of aewing-thread on IxibbiDs; the machine for 
making paper bagn, invented by a pupil of my own; the saw 
rilHiiid machine, and others of great merit as regards ingenuity 
of contrivance and adaptation of design. In manufactures, in 
design, and in constructive art, there is everything that could be 
desired in the shape of competitive skill; and, without viewing 
the auccesa of the Great Exhibition of this year in a pecuniary 
point of view, we may safely attribute its great success to the 
interesting and instructive character of the objects submitted to 
public iuspection. 

lirespective of the Exhibition, with ita in7alnable and highly 
finished apecimens, we have briefiy to notice aome of the improve- 
menta and changes that have taken place in the construction of 
ordnance, and the art of defence, and to chronicle some of the 
moat important results which have placed the whole of our naval 
and military armaments in a state of transition. It is now well 
understood that his Majesty the Emperor of the French was the 
first to apply iron plates as a defence to the sides of ships, and 
that ships of war protected with a given thickness of platct 
4i inches, were invulnerable to shot or shell. For a considerable 
length of time this opinion was prevalent, and was acted upon 
both in this country, France, and America. The experiments 
instituted by the Admiralty and War Oihce have to a great 
extent dispelled these noUona, and it has been proved that a 
smooth-boreil Armstrong gun with a ISO lb. spherical shot can 
pierce a 4^-inch thick plate and 18 inches of teak. In fact, it 
naa been proved by experiment that uo veaael yet constructed ia 
able to carry armour-plates of aufficient thickness to resist such 
powerful ordnance as has been brought against them. Every 
effort has been made on the part of the Government to determine 
ex penmen tilly the properties of iron best calculated to resist 
shot, and the greatest possible care has been observed, both in 
a chemical and mechanical point of view, to secure the very best 
description of iron for that purpose. I have myself been engaged, 
with my friend Mr. Scott Russell, in this iuvestigjvtion, and I 
think we have attained to a knowledge of the description of iron 
best adapted to offer the most powerful resistance to shot fired at 
high velocities. All these facta have been ascertained, as also 
the penetrating powera ot different descriptiona of ordnance aa 
compared with the thicknesa of the platea to be pierced. In thia 
position the balance of force to the resistance of the plate was in 
favour of the gun, but with this qualification, that the gun had 
to sustain an explosive force of powder equivalent to one-third 
the weight of the shot, a charge which the gun was unable to 
bear, under ordinary circumstances, with the usual charge of 
one-eighth weight of the shot, it might reasonably be inferred 
that the balance was on the aide of the plate, and that guns of 
such heavy calibre were insufficient in strength to sustain theae 
tremendous charges of powder. Again, it must be borne in mind 
that these results were only produced at certain distances, and 
under certain conditions of heavy charges of powder and a short 
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range of 200 yards. The inquiry waa thus hanging on the 
balance, when it was determined to aacertaiu the eifect of the 
Urge Hoi-afall gun of 22 tons weight, with a charge of 75 lb. of 
powder and a 300 lb. ahot, against a target representing the 
Warrior, with her \S inches of teak and 4i inches of iron. The 
result of this experiment was the penetration of the mass with a 
huge openinn; in the side of the target upwards of 2 feet in 
diameter. This e.tperimeut is probably not calcubted to apply 
to ships of war carrying ordnance of such immense weight, but it 
ia greatly in favour of forts where an enemy's vessel may be 
■truck at a distance of 1000 yards. Passing from the Horsfall 
jan, we now come to the last aud most important experiraeuta 
^vith the Whitwortb gun. The first was a IS-pounder field gun, 
and the second a 70-pounder naval gun; both of the gans were 
rifled. Theae experiments are very instructive, and I probably 
could not do better than quote from the Times of Septemlwr 18, 
a statement of the effect produced by those guns. Having been 
present at the experiments, I can stale that the account given by 
the correspondent of the Timet was strictly correct iu regard to 
the result of the experimenta: — 

* It will perhftpg be remembered that % decided diRerenoe was esta- 
l>tiaU•^d ve>ry barly in the aintroverey between the [lonetr.iUng ptiwera of 
•olid ahot and those of shell, ^v)lili shot at cue time fftileil, nnd at 
i>jlht:r tiiue succeede.l againit armour plates, according to the uiodified 
r«iniditiniis of the experiment; but shells failed, absolutely and invariably. 
No shell could ever be driven through oven a tnoderatoly thick plate of 
iron, and it wits concluded therefore that this, the most dangerous aud 
dreaded species of missile, could undoubtedly be kept out of a ship by a 
thin casing of armour. Accordingly, aa a reduction of a ship's armour 
to the leant possible weight was of great oonsequenoe, especially in moall 
vessels, gunboats and other craft of the like description have been built 
iu Bcime countries with 24-iiidi or 2-iiicb armour plates and considered 
effectually shell-proof. On Tuewiny however Mr. Wbitworth entered 
the field with two of his pieces, for the senice of which he hod specially 
prepared some flat-fronted hardened shells. The IS-pounders at 200 
yards presently sent these shells through a 2-inch plate, backe«l by a foot 
of timber, from which simple piece of evidence the conclusion ia inevit.ih1e 
that vessels protected to that extent only are shell-proof no longer. But 
in the trial of the 7()-pouuder an aiiditional result was obtained. It has 
bren suggested that if, instead of employing a given thickness of iron in 
(ine solid piece, the armour of a ship were divided into two pUtes, each 
of half that thickness, and these phites were separated by a certain space 
from each other, the resisting power of the structure might be much 
iaoreaaed. The theory was Uiat the fitst plate, though it would doubtless 
be piwoed, would so deaden the force of the shot that the secoiul plate 
would repel it; and indeed, oa rugnrds soUd shot, tbo question remains 
still undecided. With respect to shell, however — or rather, Mr. ^VTiit- 
wurth's shells— we are not left in doubt, even on this point. The 70- 
IHiunder was trained agKnst a target constructed on this principle of a 
double side. A Btn>ng oak frame armed ^th 4-incb plates was attached 
to a second platted to the depth of 2 inches, a space of 2 or 3 feet being 
left between them. The ohell from this gun, fired with 12 lb. of powder 
only, pierced the outer side of the target completely, oak and iron 
togother, after which it burst inside the frame and shattered it to 
pkoea.' 

From this statoment we learn that 4 inches of solid iron and 
fj inches of wood ia no protection against ahella discharged from a 
moderately sized gun, and that no gunboat such .-is thotie on the 
AmericiQ waters could prevent the entrance of these di-eailod and 
defitructive missiles, In point of fact, Mr. Wbitworth, with a 
rilled gun lighter than the t>S-pounder, could destroy them by 
his steel hardened abolla at ii distance of 1500 to 2000 yards. 
Since the above was written another experiment has been tried 
with a still larger gun, rifled on Mr. Whitworth's hexagonal 
principle. This gun was of large calibre, ISO-pounder. At a 
distance of 600 yai-ds, the results seem to prove that the sides of 
a vessel like the Warrior are no longer shell-proof. In those 
ex]ienments 130 lb, solid shot, with a charge of 23 lb. of powder, 
went right through the 4i-inch armour phite, and lodged in the 
teak backing liehind. A shell of the same weight, aud a charge 
of 2.'* lb. of pow<ler, also penetrated the armour plate luid exploded, 
tearing the wood backing, and lodged in tbeopposite side. From 
these more recent experiments we may infer that the victory ia 
ou the side of the gun, and that it may be difficult under snch 
fearful odds to construct ships of eufficieat power to prevent 
their destruction by the entrance of shells. Other experiments 
are however in pnigress, and means may yet bo adopted to solve 
the question of armour ships venut ahot or shell. 



On Unnnkabte Shipg. By Charles Atherto5, 
Late tliic/ Engineer in Woolwioh Dockyard. 

Competitive ri\'alry in the aria of naval ooustrnction and 
ordnance destruction, as applied to maritime warfare, having now, 
as apiiears by receul demouatratious at Shoeburyness, reached a 
condition of ex^^erimenUil speculation prospectively of an un- 
limited character; and tin the consideration of this subject 
essentially embraces the question of the capability of an invul- 
nerably armoured ship to carry armament with reference to the 
size of the ehip itself, it is presumed that a paper thus involving 
the dcUiils »*f naval architectural construction may be appro- 
priately brought forward and discussed in the Mechauicul Section 
of the 'British Association for the Advancement of Science, 

The olijcot of this communication is not to discuss the question 
— Whether, by an unlimited expenditure, ships Can be marie 
invulnerable to tlie !la.sautt3 uf all present and futui-e orduouce, 
nor ia it intended to damp the ardour with which peace must be 
upheld by the moral effect of preparation for any adverse eventu- 
ality by our practically adopting for the time being, in common 
with other nations, the recognised principle of" invulnerability." 
My object on the present occasion is simply to bring forward the 
question, whether the principle of " Unsinkabilily,' aa based on 
the average specific gravity of the materials of which a ship may 
be constructed and loaded being less than the specific gravity of 
water, and as distiuguiabed from " Invulnerability" as dependent 
on armour plating, may not be advantageously introduced aa 
HUpplementary to oar present system of naval construction. 

Phis subject has for some years engaged my attention, nnd in 
anticipation not only of the now-reiuised efficacy of direct fire, 
but also in anticipation of a totally new era of mortar practice* 
not yet entered upon, whereby the decks of vessels may undoubt- 
edly be assailed by the descent upon them of a huge weight (say 
10 tons) projected to a great height (say 300 feet) at short range 
(say li.X» yards), thereby attaining precision of descent, aud fiul- 
iug almost vertically ou the deck aud passing out through tbe 
bottom of an adjacent ship. Anticipating such results, I have 
already by various publications, and officially in my late capacity 
as Chief Engineer of Woolwicli Dockyard, directed attention to 
tbe principle of " Unainkable Ships," na a means of obviating the 
fatal effects at sea of such devices, and I now beg reference to th« 
following letter which appeared in The Timc«, of 12th January, 
1859, explaining generally, though incompletely, the views which 
I entertain: — 

To THE Editor or the "Times." 

Sib, — Many suggestions have of late Iwen brought before the public 
ou the construction of g^-boats, mortar-b<:>at«, and floating-liatteriee, 
M-itb a view to moke them invulnerable; and I now beg to add my view* 
ou that subject. Why not make the floating bwly for auch iii»eoia] ler- 
viccs, up to the line of its toad displacement, a solid moss of material uf 
such s|>ecitic gravity lighter than water that it shall not sink, briwr%-rr 
much it may be perforated by sbotl It appeals to me that a solid oom- 
biuation might be made of ourk tiha^'ings, light wood sawdust, nuih Btem*, 
cotton waste, flock, hemp, and other Ught material, which by the aid of 
a soUitioa of gutt»-peroha, or other cheinival process, would form a soUdi- 
fyiu){ mass, bo tuugh that it could uot be knocked to pieces by shot, and 
BO light that it would be only one-half the specific gravity of water, awl 
therefore unHiiik^blc, however perforated by almt, ami capdilcof carrj-ing 
ariuiuuetit and tin vol equipment to the extent of nearly one- half the weight 
uf its own displacement in tous. 8uch vestnels of light draught acoom- 
ponjnng fleets of war as tenders to line-of-battle ships, whence they might 
be manned aud stored a* c>cea«ion might require, would, I aulmiit, form 
a uwful auxiliary available for vhore service, or for attacking land 
batteries, which deep draught Bhi|)8 of the line cannot approach, and 
would Ije sunk if tliey could. 

I may olMcrve that this idea was first broaobed by me two yean aiaoe 
as t>eing applicable to the oonitruotion of veiaels for carrying treasutv. 
They might be wrecked aafaore, but the treMure would be recuverable. 

I am, kc. 

Chables Atbertob. 

In respect to the practical canning out of the general principle 
of " uusiukability," aniiotinced in the foregoing letter, I beg 
further to ex|daiu that I do uot anticipate depriving war of the 
glory aud honour which can only bo purchaaed by blood. With- 
out the sacrifice of blood iu war the naval and military calling 
would be ignominious, and the national spirit would beoome 
degenerate. JNo, let ordnance do its best. I would however aeek, 
in tbe construction of " unainkable ships," that tbe life of a man 
may not be sacrificed by an ounce of lead, and that tbe whole 
crew of a ship may not be simultaneously di-owned through the 
effective application of a single shot, or tlie descent of a single 
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thnuderbolt down throngli tho deck and bottom of the ship, or 
by the lateral concusaiou of a hoatile ram. With these viewB I 
»lwaye anticipated that the priaciple of " unsinkability" would, if 
adopted, be carried out, not exciasively by making the ship solid 
up to her load-line, bat on various plans of arranging and dispo- 
■iug of the buoyant material acconliag to the special requiremeut« 
of the service contemplated, for example, a treasure ship or ship 
bnilt for being laden with specially valuable goods may, if so 
preferred, be a mnsb of buoyant material up to its load-line. Bat 
a steam-ship may be constructed with its engine-room below the 
level of the load line, into this the water may possibly get access, 
bat the ship when thus wat€r-logged would be saved from going 
to the bottom by a sufficiency of buoyant material being con- 
structively disposed of in various parts of the ship; such for in- 
stance as the hull and decks above the load water-line being com- 
pose<l of as great a mass of material ns is equivalent to the entire 
capacity of hold in space left vacant below the load water-line. 

Of course tlia efficacy of tliis system would be entirely depen- 
dent on the degree in which the specific gravity of the buoyant 
material may be less than the specific gravity of water. Various 
n^mmunications have already been made to me announcing the 
discovery of natural substances and artificial compounds not 
exceeding half the specific gravity of water, and apjjarently 
suitable for being used as a buoyant material in the construction 
of nnsiukable ships on the principles tlius set forth. The 
practical prosecution of the subject is so obvious, and the details 
of arrangementa manifestly so adequate to the special objects for 



which a ship may be intended, that I need not, on the present 
occasion, encumber this promulgation of my views by entering 
into details. I would merely further observe that the mass of 
buoyant material may be so selected and disposed of that it may 
contribute greatly to the strength of the ship. Of course in the 
practical adoption of this princi]jle, as compared with the ordinary 
construction of ships, there must be a sacrifice of capability, but 
when it ia considered that the great mass of buoyant material 
may be distributed below the water-line, and thus conduce to the 
stability of the ship, instead of being above the water-line and 
thus impairing the stability of the ship, as is necessarily the 
case with the armour plating of invulnerable ships; and moreover 
when it is considered that the principle of unsinkability is 
applicable to vessels of small size, whilst invulnerability by iron 
armour plating can oiily be carried out with vessels of enormoua 
magnitude, it may bo confidently anticipated that the principle of 
uutiiukability by the agency of buoyant materials, as distinguished 
from tho principle of invulnerability by the agency of armour 
plating, is worthy of attention for mercantile purposes, especially 
in time of war, and as a supplementary adjunct for co-operating 
with ships of war in shoiil waters, where armoured ships, by 
reason of their necessarily great draft, cannot operate. In pro- 
secuting the operations of war, ordinary ships, defended by 
nnsinkable ships or otherwise kept out of harm s way, would be 
available as barracks, hospitals, and stor« ships for their accom- 
panying fleet of unsinkable ships, of which the stowage for stores 
may be deficient. 



On an Improved /ornt of "Link Motion" Br J&meb JlASinrrn. 




iruBjrth'* "SoUd-Bu" Link Motion. 

In many important applicatinua of the steam engine it is essen- 
tial that we should possesa the means of reversing, at pleasure, 
the direction of the revolution of the crank shaft. Prominent 
instant'es of the desirableness of this capability are presented in the 
case of the locomotive eugiue. and in the marine engine, as also 
in the case of the '* winding engine," as employed in colliery and 
other mining purpura. 

Many contrivances have been resorted to for the attainment of 
this object ; all of which, however, has been characterised by 
considerable complexity, and consequent liability to derangemeat, 
unfaithfulness of action, and rapid wear and tear. 

It was not until the invention of the justly celebrated " Link 
Motion," that the problem of " how to reverse the motion of a 
steam engine " receive<l its perfect solution, at the bands of a me- 
chanic in the service of Messrs. Robert Stephenson, of Newcastle- 
upon-Tyne, who, by the invention of the link motion, added 
one of the most beautiful and perfect details to the steam engine, 
and has thereby conferred a vast benefit on mankind. Not only 
does the link motion solve the problem of *'how to reverse 
the action of a steam engine," but also we obtain by its means a 
very perfect and simple, variable, expansive valve motion, com- 
bined with tho means of arresting in the most gentle and efiec- 
tive manner, the motion of the engine. In all these respects the 
link motion combines, in one beautifully simple whole, the pro- 
perties of reversing gear, expansive valve motion, and throttle 
valve. So perfect in all these respects is the action of the 



link motion, that the form firstgiven to it by its inventor has been 
almost universally adopted, and become traditionary, in so far, 
at all events, as regards the loop or link form of its main and 
distinguishing feature is concerned. 

In the appUcation of this beautiful invention to marine engines, 
of the larger class especially, some disadvantages, latent in the 
loop or link form, begin to manifest themselves ; the chief of 
which is the constnictive difficulty of taking up the slack, natur- 
ally due to tho wear and tear of tho swivel block working inside 
the loop of tho liuk, aud the consequent unpleasant knocking 
action and wear which naturally acoompaniea any such undue 
slackness in the moving parts ; besides which, in order to give 
the requisite amount of rigidity to the large size of links em- 
ployed in marine engines of the larger class, an amount of 
material bos to be introduced into them that is, in every respect, 
desirable to avoid. 

It was with the view to remove these objections, as well as to 
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Ricdplify and ecouomise t]i« oost of coDBtmction of stich link tno- 
tioDS, thai the writer contrired, in 1852, what he tenua bis 
*' Solid Bar" form of the link motion, and which he, in the same 
year, introduce<i into actual practice in a colliery winding emgine, 
which he made for a tirm iu South Yorkshii^e. The perfect action 
in practice which was found to attend this aimple solid bar 
form of the link motion, led his friend, Mi". Edward Humphrys, 
to introduce this solid bar link motion into bis marine engines ; 
in doing which, Mr. Uuraphrys has displayed hia usual high 
•kill and judgment in the admirable maoner in which he has 
adapted the writer's invention ; as may be seen in those magni' 
tioeut ninriue engines of 400 horse power which Aleasra. Hum- 
pbrya and Tennant have sent to the International Exhibition. 

Ab it is presumed that this subject can only interest those who 
are practioiHy conversant with the details of steam engines, it 
will not be requisite to enter into any minute or debiiled descrip- 
tion of the " Link Motion " as such, but simply to point out the 
nature of the modification of form which specmlly characterises 
the inventor's arrangement of it. The main feature of which 
consists in the snbalitutioo of a solid bar (marked A in the accom- 
|>auyiug figure) in place of the luuul liuk or loop form of the part 
in question. 

This solid bar A is coupled with the sliding block C, C, to which 
the valve rod is attached, by means of two cylindrical segmental 
rocking blocks B, B, between which the bar A slides when one 
or other of the eccentrics is caused to convey its chief action to 
the valve. The substitution of the solid bar A for the open link 
or loop hitherto employed, gives us a more rigid and exact agent 
for conveying the action of the eccentrics to the valve than is tiie 
case with the link ; while it enables ys, by means of the setting- 
up rod D, and the set-screw E, to titke up all " slack " that may 
from time to time arise from wear, aud so secure a most perfect, 
yet easy tit, to the bar A, in its action between the rocking seg- 
ments B, B. 

The two cylindrical rocking segmental pieces B, B, work inside 
a corresponding receua iu the projectiug front part of the slide 
" ck C, C, which alidiug block having a dove-tail slide back, 
ad corresponding slide recess F, F, secures the most perfect 
steadiuess of action to the valve whose rod is attached to the 
block C, C. A cover plate, held on by four snuill bolts, the boles 
for which are indicated on the slide block C, C, keeps all in per- 
fect relative position, and, at the same time, renders alt quite 
acoeasible wheu need bo. The lever T, aud connecting bar H, 
are part of the apparatus or gear for bringing the one or other 
eccentric into chief action on the valve, the solid bar A sliding 
freely for that pnrpoae between the rocking blocks B, R 

The general Riniplicity and comparative ease of construction, 
aud " get-at-ability " of this Solid Bar arrangement of the Link 
Motion, has yieldedl the highest satisfaction in every case in which 
it has been applied ; nnd as it appears to be likely to come into 

feueral use, it is so fur right that the history of its iuveution be 
nowu by the preceding remarks. 



On Machinery for Compoting and Distributing Type. 
By Charles Hart, 

Thx "oomposition" of type consista in an-anging the different 
characters in words with proper " spaces," between them, and 
again in arr.-tnging the words so formed in lines of auy required 
length. The latter part of the process is technically called 
"justifying." After the type has been used in the press, it 
becomes necessary that each character, or "sort," should be 
restored to its proper position in the " case," and when under- 
going this process the types are said to be " distributed." 

This branch of tudnatry is one of the very few in which the 
iugeuujty of man boa hitherto failed to effect any economy, unless 
atiempts which have been very recently made to accomplish that 
desirable end shall prove successful. At this day, as in the 
days of Guttenberg and (."axton, the compoeition is effected by 
picking the types with tlie fingers out of the case, and the distri- 
oatiou is acof^niplished by reversing that primitive operation. 
But human ingenuity, if hitherto uusnccesafui, has not been 
entirely iiUe iu thin matter. The International Blxhibition con- 
tains no less than three machines, or rather sets of machines, 
for composing aud distributing. They are known as the macbiues 
of Young, of Delcambre, and of Mitchel. The last-named 
maohineQ have not ouly been rewarded with a medal at the 
In ernationnl Exhibition, but have been adopted by several 
jnioten ia Engloud, Scotland, and America. They may, there- 



fore, be considered to have established some claim to the DoCioe 
of those who are specially ititerested iu the diffusion of knowledge. 

The composing machine is in shape a right-angled triaone, 
placed horizoutally. There is a key-board at one of the aiaes, 
and parallel with aud close to this key -board there is a small 
iron shaft, set in motion by ateam power, causing a number of 
parallel bands of tape to move uniformly away from the key- 
board, and in a direction perpendicular to it. The several 
characters or sorts are placed in brass slides, which are ranged 
in a line commencing at the right of the operator (who faces the 
key-board), and running across the triangle until it almost bisects 
the other side. In addition to the parallel bands abore-mentiooed, 
which all move with uniform velocity, there ia another band, 
called the " main band," running along the bypothenuse of the 
triangle, which is greater in length than any of the others, and 
also moves with greater velocity. Under each of these slides one 
of the parallel bands ia constantly kept moving, ready to convey 
its proper type to the main band; and, ou its arrival there, the 
type falls into its proper place in the won!. The duty of the 
main baud is to carry the wortia thus formed ou to a wheel, which 
places the type staudiug upright, and pushes forward the line »b 
fast as it ia formed. 

One of the principal difficulties which inventors have to ooo- 
tend against iu dealing with this subject, was to find some means 
by which the types could be made to arrive at their destination 
in the exact order iu which they are struck out by the keys. 
Mr. Mitchel has achieved this result by causing the several types 
to move with a speed proportioned to the distance over which 
they have to travel. To understand this, it would be necessarj 
to confine our attention to the triangle formed by the line of the 
slides in which the types rest, the lowest and longest of the 
parallel bands, and the main baud. The side of this triangle 
formed by the m;«in band, is about 2| times as long aa the side 
formed by the parallel bands, The main band moves at a speed 
2.V times as great as the parallel bands. It follows neceaaarily 
that if two types are struck out at the same moment from the 
opposite ends of the line of slides, both must arrive together at 
the point of junction of the two bands, one being carried over a 
space 2it times as great aa the other, and at a speed 2^ times as 
great. By this vi:ry simple contrivance the types are made to 
arrive infallibly in the order in which they are struck out, bow- 
ever rapid mny be the touch of the operator. The machine has 
accomplished its duty when the types have been received from 
the main band by the "setting wheel," which turns each letter 
iut < a verticid position, and at the same time pushes forwaid 
the Hue. The long line thus formed is transferred to a justifying 
stand, and wlien this is tilled, the operator proceeds to justify, 
leaving another workman to take his turn at the keys. One com- 
posing machine, thus worked by two operators, is capable of 
Bt'tliiig up .50,000 "eua" of cori-ected matter per day, beizig 
about the ordinary work of four men. 

The dtjitribuliiig machine exhibits even greater ingenuity than 
its companion. When one considers the great variety of sorts to 
be dealt with, amounting to about one hundred and twenty iu all, 
and, further, their great diversity iu thickness, it is difficult to 
conceive that, by a merely mechanical process, each type can be 
separated from the line in which it is placed, and carried to a 
receptacle in which it finds no type save one of its owu kind. 

1 have indicated two difficulties, one arising from the diversity 
of thirrkness in the types, the other from the variety of sorts. 
The first is encountered in the separation of each tyf>e from the 
Hue, the second in conveying each type to its appropriate reoep- 
tacie. As an example of the first, let us suppose the word " mw" 

firescuts itself to the vibrating piece of steel which separates the 
etlera, Th« first letter, m, equals in thickness the three follow- 
ing letters, ill, taken together. It becomes necessary in this case 
to prevent the machine from mistaking those three letters for 
one, and so cutting them off all at one stroke. This is effected by 
meana of a nick inserted in the aide or edge of the thick type, 
into which a small bevelled stopper fits, allowing the type to 
advance further than it could without such nick. The followisg 
letter, «*, having uu such nick, is not permitted to advance so ikr, 
and so is cut off singly, the letter /, which comes next, not beiag 
allowed to come within the range of the vibrating cutter, and so 
on. In this way, at the first stage of the process, the machine is 
able to discriminate between the thick aud the thiu sorts, taking 
from the line one type at a time and uo more. 

The nick above mentioneil is confined to the thicker sorts of 
type, and may be called the " separating nick," to distingaish i( 
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(rom those other nicks which are made iu the types for the pnr- 
pOM of determialug the receptacles to which they are to be 
Mverally conveyed. For this Intter purpose each type in far- 
nisbed with one or two nicks, according to the class to which it 
belongs. There are four clnssca; the first having only one uick, 
the other three classes two nicks. When the type has been 
■eparated from the line in the manner ubove described, it falls 
upon a brass grooved wheel, whose periphery slopes like the aide 
of a cone. The type, dropping into one of the grooves, becomes 
suspended by means of its nick on a pin placed at the bottom of 
the groove, the ends of tl»o type projecting below the under sur- 
fiuse of the wheel at distances varying acconling to the position 
of the nick. At corresponding distinces under the wheel there 
are small stationary pieces of steel which meet the pRijecting end 
of the type as it is carried down, raise itutf the pin, and allow it 
to dr*>p into its proper leiwptacle. .\ number of small pushers, 
worked by an eccentric within tlie wheel, push forward the type 
as they fall, and the several charnctera are thus placed in lines, 
each "sort" or character by itself, ready to be transferred to ihe 
alides of the composing m.ichine. 

The keys of the composing machine deal only with about forty 
" sorts," and so far it would seem Ut be imperfect But in answer 
to this objection it is alleged that Die sorts not worked by the 
keys are comparatively so rarely used that iu an average page of 
printed matter they will not amount to five f)ercent. of the entire. 
Those sorts, namely, capital letters, italics, and niimhcrs, are 
picked up by the operator from a case lying before him on the 
machine, and dropped into a slide, by which they are conveyed 
on to one of the belts, and are so carried on and set up by the 
machine iu their proper place and order. 

In addition to the saving of labour etfected by these machines, 
it is alleged that the wear of type is diminishe<i liy their use, that 
a complete mastery of the machine can be acquired by a smart 
boy or girl iu the course of a few months; and dually, that it sub- 
stitutes an occupalioM, light, diversilied, and easily acquired, for 
one Which is peculiarly laborious and unhealthy, and to the acqui- 
sition of which » period of 6ve or seven years is usnally devoted. 



AMract of an Inrtntigation on the Exact Form and Motion 0/ 
Wavei at and near the Surface of Drep Water. Br Wiluam 
JoBir SIacxiuorm Rankine, C.E., LL.D., F.Il.SS.L. & E., &c. 

Toe following is a summary of the nature and results of a 
matheutatic.<il investigation, the details of which have been com- 
municated to the Royal Society. 

The investigations of the Astronomer Royal and of Mr. Stokes 
on the question of straight-crested parallel waves in a liquid, are 
bued on the supposition that the displacements of the particles 
are small compared with the length of a wave. Hence it has 
been very generally inferred that the residts of those investiga- 
tions, when applied to waves in which the displacements are 
considerable as compared with the length of wave, are onlv 
approximate. In the present paper, the autlior proves that one 
of those restilts — viz., that in very deep water the particles move 
with an uniform angular velocity in vertical cii-cles, whose radii 
diminish in geometiiciil progression with increased depth, and 
consequently that surfaces of equal pressure, including the upper 
surface, are trochoidal, — is exact for all possible displacements, 
how great soever. 

The trochoidal form of waves was first explicitly de8cribe<l by 
Mr. Scott Russell, but no demonstration of its exactly fulfilling 
the cinematical and dynamical conditions of the question baa yet 
been published, so far as the author knows. 

In *A Manual of Applied Mechanics' (first published in 1858), 
the author stated, that the theory of rolling waves might be 
dedaced from that of the positions assumed by the surface of a 
muB of water revolving in a vertical pl.iue about a horizontal 
axis; but as the theory of such waves was foreign to the subject 
of the book, he deferred until now the publication of the investi- 
gation on which that statement was founded. Having communi- 
cated some of the leading principles of that investiijation to 
Mr. William Froude, in AprU 1^62, the author was informed by 
that gentleman that he ba<i arrived independently at similar 
results by a similar process, although he had not published 
them. The introduction of Prop. II. between Props. I. and 111. 
is due to a suggestion by Mr. Froude. 

Tlie following is a summary of the leading results demonstrated 
in the paper: — 

Proposition 1. — la amass of gravitating Liquid, whose pArtides 



revolve uniformly in vertical circles, a wavy surface of trochoidal 
profile fuldh tlie conditions of uniformity of pressure; such 
trochoidal profile being generated by rolling on the under side 
of a horizontal straight line a circle whose radius is equal to the 
height of a conical pendulum that revolves in the same period 
with the particle of liquid. 

Propositio.v IL — Let another surface of uniform pressure be 
conceived to exist indefinitely near to the first sur&ce; then if 
the first surface is a surface of continuity (that is, a snr&oe always 
traversing identical particles) so also is the second surface. (Those 
surfaces contain between them a continuous layer of liquid.) 

Corollary. — The surfaces of uniform pressure are identical with 
surfaces of continuity throughout the whole mjias of liquid. 

Proposition III. — The profile of the lower surface of the layer 
referred to in Prop. II. is a trochoid generated by a rollmg 
circle of the same ladius with that which generates the upper 
surface, and the tracing-arm of the second trochoid is shorter 
than that of the first trochoid by a quantity bearing the same 

Ertiportion to the depth of the centre of the second tolling circle 
elow the centre of the first rolling circle, which the tracing-arm 
of the firat rolling circle bears to the radius of that circle. 

Coroilariet. — The profiles of the surfaces of uniform pressure 
and of continuity form an indefinite series of trochoids, described 
by equal rolling circles, rolling with equal a[»eed below an inde- 
finite series of horizontal stniight lines. The tracing-arms of those 
circles (each of which arms is the radius of the circular orbits of 
the particles contained iu the trochoidal surface which it traces) 
diminish in geometrical progression with an uniform increase of 
the vertical depth at which the centre of the rolling circle is 
situateil. 

The preceding propositions agree with the existing theory, 
except that they are more comprehensive, being applicable to 
large as well as to small displacements. 

The following proposition is new: — 

PiioposiTioN 1 v.— The centres of the orbits of the pai-ticles in a 
given surface of equal pressure stand at a higher level than the 
same particles do when the liquid is still, by a height which is a 
thini proportional to the diameter of the rolling circle and the 
length of l!ie tracing-arm (or radius of the orbits of the particles), 
anti which is e^jual to the height due to the velocity of revolution 
of the particles. 

CoroUarirt. — The mechanical energy of a wave is half actual 
and half potential: half being due to motion, and half to elevation. 
The crests of the waves rise higher above the level of still 
water than their hollows fall below it; and the difference between 
the elevation of the crest and the depression of the hollow is 
double of the quantity meutione<l iu Piop. IV. The hydrostatic 
pressui'e at each individual particle during the wave-motion is 
the same as if the liquid were still. 

Frictiow between a Wave and a Wavb-shapkd Solid. — In 
an appexdix to the paper is given the investigation of the 
problem, to find approximately the amount of the pressure re- 
quired to overcome the friction between a trochoidal wave-surface 
and a wave-shapeil solid in contact with it. The application of 
the result of this investigation to the resistance of ships was 
explained iu a pa|ier read to the British Association in 1861, and 
publiflbed iu various engineering journals iu October of that year. 
The fullowiog is the most conveuieot of the formulte arriveil at. 
Let w l>e the heaviness of the liquid; /, the coefficient of friction; 
g, gravity; i;, the velocity of advance of the solid; L its length, 
being that of a wave; z, the breadth of the surface of contact of 
the sulid and liquid; /9, the greatest angle of obliquity of that 
aurfnce to the direction of advance of the solid; P, the force re- 
quired to overcome the friction: then 

P=-^J" Lr(l-h48in'^-f8in*3) 

In ordinary cases, the value of/ for water sliding over painted 
iron is -0036. The quantity Lar(l-f-4ain'/3-f sin'p*) is what has 
been called the "augmented surface." In practice sin^iS may iu 
general be neglected, as being so small as to be unimportant. 



On a New Marine Boiler. By Dr. Fiuppo Orixaudl 
Tbg object of the present paper is to draw the attention of the 
Section to a new kind of steam boiler, invented and patented by 
the aathor, adapted both for stationary and marine purposes, but 
more particularly to point out its advantages in the latter case, 
and especially when employed lor generating high pressure steam, 
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or in iroD-plated ships of war, where aavlug of weight and apace 
are of the utmost importance. 

Tlie peculiarity of the arrangement referred to is that of 
making the boiler continually rotate on ita axis over the 
famoce while at work. This involves necessarily a complete 
change in the shape of the boiler, as also in the mode of feeding it, 
and in the arrangements for the exit of the steam. 

The advantages of the arrangement as regards rapid generation 
of steam result from the fact that water, bemgau indifferent con- 
ductor of beat, this is disseminated almost entirely by a mechani- 
cal mixture of its particles, this mixture being very materially 
increased by the constant dipping and rising of the tubes, which 
are dispersed throughout the boiler. Again, it is well known that 
where steam is genei-ated in contact with a heating surface, if 
that surface be stationary, there is considerable <lifficulty in the 
steam freeing itself from such surface, this difficulty being appa- 
rently entirely removed by slowly moving the surface so as to 



centre to the circumference between the tubes, the steam entering 
at the highest point of the boiler or nearly so, and thus taking no 
water with it; the upper tubes or those passing through the stcaai 
space most edectaally superheating the steam and preventing 
priming. The safety valves of these boilers are fitted to the 
stationary steam pipe, and the steam and water gauges are con- 
veniently arrangeid in the manner shown. The boder in kept 
rotating at the rate of l| to H revolution per minute, by meaxis 
of a suitable connection with the screw shaft or by a separate 
engine, which may also serve as a donkey for feeding the boilers 
and other parposes. 

The whole boiler is inclosed io a brick-lined casing, or in a 
double iron casing filled with water, a few inches larger than the 
boiler, so as to give a flue space all round it. Every part of the 
shell of the boiler in its turn passes over the furnace, which is 
placed beneath it, the entii-e boiler beiug thus rendered available 
as beating surface. Tliis, it should be explained, is one of the 
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Mm it snceeasively under new portions of water; the surface 
Mugte it were swept of the globules of steam which have accu- 
xaalftted upon it. In the rotating boiler this contiuiml sncceasioD 
of the surfaces ajiplies both to the shell of the boiler and to the 
tubes, their rotation being very slow, while the water is prac- 
tically stationary. 

The rotating boiler necessarily asanmes the cylindrical shape, 
DO other form being so suitable. It is tbus specially adapted for 
the generation of high-pressure steam, and is consequently well 
worthy the attention of those who have for some years past been 
aiming at the construction of high-pressure marine boilers, their 
efforts however appearing to have failed chiefly from such boilers 
being made to assume a rectangular shape; the ordinary amount 
of heating surface, if attempted to be obtained in a common cylin- 
drical tubular boiler, involving considerable 8|Mice, which can bo 
ill afforded in steam-vessela. 

Without attempting to fix what preoiao extent of rerolving 
heating surface will in practice be found equivalent to that ordi- 
aarily allowed in marine boilers, it may here be stated that from 
the experience already had, about one-fifth the surface appears 
sufficient ; 9 square feetuf horizontal surface, or IS square feet of 
total surface, being usually calculated as suiiicient for evafwrating 
a cubic foot of water per hour, aud 3 square feet having done this 
with the boiler revolving. Of course this amount of surface in 
both cases supposes the surfaces clean; from 20 to 30 feet being 
frequently given to each horse-power in marine boilers as generally 
made. The rotating boiler (shown in the diagmms) is oyliudrical 
with Hat ends, and nearly filled with 3 inch tubes; trunnions are 
constructed at each end, through one of which the feed pipe passes 

id through the other the steam pipej which radiates from th« 



reasons why so small a boiler as the one experimented upon wat 
found capable of generating so large a quantity of steam; for, 
taking the efficiency of moving surface as only equal to doable 
that of stationary surface, the eutireahell of theboiler — top, bottom, 
sides and ends, becomes heating surface, and that of the best kind, 
beiug horiKOUlal,and brought immediately over the furnace, which 
is usually made to extend under the entire bottom of the boiler. 

In this arrangement the plntes of the boiler can never become 
overheated, as however small the quantity of water iu the boiler, 
the bottom is certain to be first covered, thus rendering expIoaioD 
from this cause alnjost impossible. 

It appears that the rotation of the shell and tabes of a boiler, 
greatly retards, if it does not entirely prevent, ordinary incmst*- 
tton. The small experimental boiler now iu the Exhibition, after 
being at work «^th very indiD'erent water for fourteen montbt, 
was examined at about six months' intervals, and found to be 
covered with a light dust on the inside, but to have no appearanea 
of incrustation; althaugh slight traces of this were found at thoM 
parts of the boiler which did not move, such as at the feed pip*, 
which ia stationary inside the boiler. The singular manner in 
which many marine boilers have been afiected apparently by the 
action of add formed in the greasy patches found on the sidea of 
the boilers and on the tubes, where surface condensers ore em- 
ployed, has not yet been satisfactorily accounted for, but may 
partly be due to the scum floating on the water always being in 
contact with the same part of the boiler. It ia more than pro- 
bable that in the rotating boiler this evil will be entirely rem*- 
died, the whole surface of the ahell being brought in contact with 
the scum, but for a very short time only as regards any one part 
of iu Experience i« however wanting oo this point, 



t^mm 



mv.itUO] 



THE CIVIL ENGINEER AND ARCI 



JOURNAL. 



S53 



Aa regai-da the employment of this clasa of boiler for ships of 

rar,aod especially for iron-plated ones, it possesses two important 

Ivjmtages ; Erst its being a very low boiler, the largest size not 

coeeding 10 feet in height; and secondly, its weight with water 

id casing complete not amounting to one-half of onlinary marine 

ailers, even blowing the same heating sur&ce, whichj as baa 

Ben stilted, will probably be fonnd to be three or even four times 

lore than necessary. Its size is also very greatly diminiaheii, aa 

■will be seen from the following parlicvilars: — An ordinary niarine 

boiler having about 1400 feet of effective boating suiface occupies 

'a apace 10 ft. 6 in. by 11 ft. 6 in., and is IC ft. 6 in. high, weighing 

Iwith water 3]i tons. This gives about 51 lb. per square foot of 

nieating surface, and the floor apace ocupied nearly equal to J^ of 

square foot also per aouare foot of heating suiface. On the 

'other hand a revolving boiler liaNnog upwards of 1G0(J feet of hcat- 

ri c. 2 . 
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ing surface occupies a space of 9 ft. 6 in. by 7 ft 4 in., and is 9 ft. 
7 in. high, occupying thus only Jj of a square foot per square 
foot of heating surface, weighing with water 13 tons, equal to 
18 lb. per square foot of heating surface. 

Thus, assuming for the moment that a square foot of heating 
surface is equally efficient both in the ordinary marine and the 
rrotating boiler, it will be seen that the rotating one is less iu 
irery way, viz. — 

Id weight, about one-tbird, 
In bolfc, about one-fourth, 
In height, about one-half, 
In floor-dpaoc, about one-half. 

With the revolving surface only doubly as efifective as sta- 
tionary surface, these advantages would be just doubled ; and if 
ex^perience in future justifles tue conclusions already arrived at, 
one-third of the whole amount would be the relative weight and 
spaces occupied respectively by a rotating boiler of equal power 
to a comniou marine one. 

One word in conclusion aa to consaraption of fuel. On this 
point results of experience cannot be given, inasmuch as the 
boiler now in the Exliibition is too small to enable conclusions 
to be formed. It is 18 inches in diameter only and IB inches 
long, but it has converted into superheated steam 7^ lb. of 
water by the consumption of 1 ib. of coat. In larger boUsrs 
tbera can be no doubt that a good result will be obtained, owing 
first to the smalt quantity of water contained iu the boiler, and 
oooaequently to the rapidity with which the steam is raised ; and 
neconaly, owing to the steam being in contact with one-half of the 
whole heating surface, thus leaving the boiler highly superheated. 

The decrease in weight and size and consequently diminished 
oost; freedom from excessive wear in any one or more of its parts, 
thu wear being quite uniform; the strongest possible form and 



freedom from liability of explosion from this cause, as also from 
uniformity of wear and tear; simplicity in manufacture and repairs 
ing — everything seema to recommend this boiler as a most suitabl- 
bigh-pressure one for steam-vessels. 

In order thoroughly to ascertain what advantages can actnallj 
be realised in practice, a boiler of .10 nominal horse-power is now 
being constructed by Messrs. John Stewart and Son, of the Black- 
wall Iron Works, and which, after being fuily proved upun land, 
will be placed on board a vessel to be subjected to the ordinary 
usage of marine boilers. 

Referencti to the Illuttratiom, 

Figs. 1 and 2 represent an arrong^ment of rotary marine boiler. 
Fig, 1 is a longitudinal section through tb« axis of the bniler. Fig. 2 a 
vertioal section thtttugh the line AA. B ia the boiler fitted with tlu¥« 
inch tubes t;eis the fore trunnion of thu boiler projecting inside it, and 
fitted with six pairs of tubes /> ^Fig. 2(, which radiate from the centre 
and are o|>en at each end; S in the outlet Hteam pipe, which is Ktatiooary, 
and tightJy fitting into the trunnion which revolves round it: the same is 
provided with a longitudinal opening o, c«mniunicating with the top 
tu)K» y> : so that steam can only pau out through tbe pair of tubes which 
ore for the time being uppermost, these being Uie only ones in communi- 
cation with the outlet pi|)e. By the [HMition of the tubes in relation to 
this (>i[>e, any water which might be lifteil in a riMing tul)e would flow 
bock to the water-space through the lower open end, and leave the tube 
perfectly dry, to receive the steam from the highest point of the boiler 
and convey it to the outlet pi})e. One of the bottom tubw p comrauni- 
oatea with the flow-off pipe u. The other trunnion of the boiler is fitte<l, 
outride the cosing, with the tttothed wheel C, by means of which tbe 
donkey engine D gives the boiler the rotary motion. The feeding pipe 
/ enters the boiler through this trunnion; >i and A are the water and 
steam pi[iefl of the nA'phon water-gunge d. £ is the iron casing, forming 
the furnace G, the (H^iler chambo- H, and the smoke chamber N. The 
base of the casing to within a few inches of the grate ban, is open at 
front and back, in order to arlmit air under the bwi. The main frame 
of the casing, containing the boiler and fumooe, is lined with hollow 
fire-bricks, formed to lock in each other, and anchored to the casing. 
P is the diaphragm separating the furnace from the smoke chamber. 
The ends of the casing are provided with doorways for cleaning and 
repairing tlie tubes of the boiler. 



Suggeationa on Balloou Navigation. 

Bt Dr. Isaac Abhe. 

A short time since, reading the account of the late balloou 
ascent at Wolverhampton, I was painfully impressed with tbe 
danger incurred by the scientific gentlemen who ma<le it, in con- 
■eqoenoe of the vast height to which they ascended. I trust 
Messrs. Glaisher and Coxwell w^Ul liave no objection to my re- 
ferring thus to their exertions on behalf of science. The account 
stated thai a temporary paralysis completely overpowered tbe 
former, and the latter so far that he was unable to open tbe valve 
with bis hands, and was obliged to have recourse to his mouth 
for that purpose: had the voluntary motion of his jaws been also 
paralysed, it is evident that two valuable lives would have been 
aacriticed. I beg to suggest a little apparatus, by wliicb, in the 
event of any such accident occurring again, the valve would be 
opened in consequence, and the balloon accordingly descend to 
denser strata of air, where probably the aeronauts would spon- 
taneouRly recover their faculties. What I j^ropoae is, that a 
sufficient weight be attached to the rope opening the valve, 
which weight is to be supported on one extremity of a small 
lever having a ball-and-socket joint aa its fulcrum ; the other 
end of tbe lever to have a small wheel playing freely on it, and 
kept pressed down by a fixed and slightly inclined plane above 
it, and cikpable of being retained in that position by a catch while 
tbe balloon is at safe altitudes. When dangerous altitudes are 
to be reached, the wheel is to be released from the catch and 
to be kept under the plane merely by the aeronaut's hand; 
should the aeronaut unfortunately become insensible, as voluntary 
exertion on his part will instantly be at an end, the wheel will 
be led free to move, the weight will swing round, removing the 
wheel from under the fixed plane, and the weight will conse> 
quently drop, and in so doing will open the valve, causing an 
escape of gas and consequent descent of the balloon to denser 
strata. As a medical man I would suggest, also, that tbe cold 
had probably quite as much to do with the loss of sensibility of 
these gentlemen aa the rarefaction of the air, which will account 
for Mr. Coxwell bearing it better owing to his exertions in 
managing the balloi:)n. Had it been the rarefaction of the air 
merely be would probably have suffered more than Mr. Glaisher. 
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It Ls well knowu tbat InteoBe cold fiaa a strong tendency to pro- 
duce a state of comatose insenstbilitv, and that the onlj chance 
for the patient's life ander such circumstances is to force bim to 
keep awaiie by exercise. Hence, I think, a suggestion as to pre- 
cautions for retaining the heat of the body in futur'^ ascents. 

Let nae now suggest the application of a principle to Willoon 
navigation which would, I think, famish that great desideratum, 
the power of steering; I allude to the principle of the screw. 
Steam power can of course never be used in balloon navigation 
on account of the weight of machinery it involv<»8; but cousider- 
ing the small amount of force requisite to propel a floating boiJy 
through a medium so unresisting as the air, I conceive tbat a 
man's exertions, applied by me-'ius of a screw, would be quite 
sufficient to give a considerable impulse to a balloon, and with 
such impulse a conaidernble power nf steering. Such a screw 
would of courae require to be very light. It might he made of 
oiled silk, stretched on a slight framework composed of hollow 
steel arms, with cross-pieces of whalebone or wickerwork, pretty 
much like the sails of & windmill, which as we all kuow are an 
ap[>{icntioit of the screw principle. It will be objected that at a 
great height exertion becomes impossible; true, but a great eleva- 
tion is UDuecessary for practical purposes, and a height of I.tOO feet 
would be quite 4utlicieut for .nil ordinary purposes; such a height 
indeed as would clear ordinary low mountain ranges, and at this 
height the rarefactiou would be inappreciable to the aeusutiotis. 
Suoh steerage power would also prevent the unpleasant rotation 
which is so constantly present in balloons. By a suitable 
arnuigeroont such a screw might be made capable of h)eing 
hoisted while the balloon was on the ground, so as to be out of 
the Way. If, for iuriUance, it were made to work in what I 
miy;ht call a meri<lional l>aii<l of brass passing vertically round a 
portion of tiie car, and made capable of locking the axle of the 
aw in either the boriz'>iittd position or one nearly verticle; if 

liis band were also extended under the kolloon, we could obtain 
a vertical position for the axle, with the screw working horizon- 
tally under the car when in tiie »ir; and this, 1 conceive, would 
be an object of considerable im|jiortauce, for by means of it a 
descent could be'effected without letting off gas, which necessarily 
diminiabes the buoyancy of tim balloon when it becomes neces- 
sary to re-aaceod. To attain such an elevation as I refer to, the 
excess of ascensive power over what would be necessary to keep 
the balloon just in equilibrio at the surface of the earth would of 
cnarse be very small, and I should suppose easily capable of being 
overcome by such working of the screw. By reversitig the ac- 
tion of the screw in this position considerable ascensive power 
would also bo obUiiued. which would enable the balloon to clear, 
say, higher mountain ranges on an occasion without necessitating 
the remaining at the higher elevation in conseiiueace of toss of 
bftUast. 

Steerage might, I think, best be effected on the screw principle 
also, and the method proposed would, I think, be found available 
for checking the disagreeable rotation to which bdloons are so 
liable, even shoukl it not he adapted for steering purjwses in 
connection with a propelling screw. It would consist of two 
small screws similarly constructed to the large one, and placed in 
front so as not to interfere with the elevation of the pro])eller, 
and working vertically but in a plane at right angles witi\ that 
of the larger one, bt4.h the screws turning the same way. R<>ta- 
tion of the balloon on its own axis might evidently be effected by 
using these sci-ews, and by reversing their revolutions the rota- 
tion might also be reversed, and thus the tendency to sponta- 
neous rotation counteracted, and a definite direction impressed 
on the balloon. 

The main direction of the balloon must of course be governed 
by that of the wind, but I think that with the knowledge at pre- 
sent possessed of the direction and persistency of aerial currents, 
I hat a near approximation might be made, by their aid alone, to 
any given directinn; Hud with the additional capabilities which 
would be couferre«l by steerage power I think the balloon might 
become a very useful apparatus in the investigation of these very 
corrents, a matter of so much importance to commerce and navi- 
gation. With a little additional iuformatiou so gained — ^nay, 
even, jierhaps with our present information — the balloon might 
also become iti valuable iu the exploration of unknown and at 
present almost inaccessible regions, such as the interior of 
[Australia or 8oiitli Africa. Rivers easily accessible, such as 
the Zauibesi, might thus he discovered without the labour of a 

life-time being expended on the search, and whole districts be 
opeaed vp. 



The great difficulty of explorations on foot conaiatfl in the 
uncertainty of hnding water, of which there may be an ample 
supply within a few miles, and yet the traveller pass it by imdia- 
covered; this difficulty would be to a great degree obviated bj 
using the balloon in preliminary explorations, since from an 
elevation of 1500 or 2000 feet a small pond would be discovered 
at many miles distance, or in a sterile country the vegetation at 
its aides woulil be on enaally certain indication. A de«oeiit 
might tlieu be effected, and its poeition obtained by observationa 
ami marked for the guidance of travellers. A little attention to 
the subject would euable an aeronant readily to estimate the 
distance from one landmark to another, and also its bearing from 
it by the compass, and thus an unknown territory might be laid 
open with comparatively little trouble. 

I dare say there may bo practical difficulties in my proposals, 
but I think it [troliable that they may be overcome by a little 
mechanical ingenuity. 



HlfVIB"WS. 



A Trratiae on the Principiet of Electrical Accumulation and Con- 
duction. By F. C Webb, Associate of the Institution of Civil 
Engineers. Part I. I^ondon : J. Piper. 

In this small volume, the subBtance of which has appeared 
in separate articles in ' The Electrician,' Mr. Webb propounds 
some theories respecting the accumulation of electricity, aiid the 
conditions under which it may be excited, that are opposed to 
tho.se geuerally i*eceived. Though opinions differ respecting the 
nature of electrical excitement, yet nearly all electricians havebeea 
hitherto agreed that the earth is the source whence electricity is de- 
rived. Those who assume, with the earliest experimenters, that 
tlipre are two kinds nf electricity — one of which is excited by the 
friction of rosin, and the other by the friction of glues — and those 
who agree with Dr. Franklin in considering electricity to be a single 
duid, which becomes manifest only when in excess of the natural 
quaulity,are equally iu accord that the earth is the great storeboose 
of the electric fluid — as it is odletl, for want of a better term. 
It ia generally agreeil, also, that whether electricity be of two 
kinds — resinous and vitreous — or whether it consist of one kind 
only, in a positive or a negative state, electricity of one kind 
cannot be excited without bringing into action an exactly equal 
quantity of the opposite kind or state of electricity. Thus, for 
example, on rubbing a rod of gloss with a silk rubber, vitreous or 
positive electricity is excited on the glass, and an equal quantity 
of resiuona, or negative electricity, is excited on the rubber ; but, 
according to the received theory, the latter is not apparent 
heaiuse it is distributed through the mass of the earth with 
which the rubber is connected. If we understand Mr. Webb 
correctly, it ia this theory which it is his principal object to 
oppose. He contends that electricity is generated independently 
of the earth, ami that the f,'reator quantity which is excited when 
the rubber is connected with the ground than when it ia insa- 
laled from it, de])eiids on different e<Miditionsof what he terms the 
" inductive circuit." We confess t4j not clearly understanding his 
idea of the coudition.i necessary for electrical accumulation, we 
therefore quote his own woixla : — 

' ' Whenever electricity is gananioA at a source and aocumuUted on 
the cimdiicting surfaces ooanected to the two sides of that source, there 
existM, of neceuity, as it were, a clmin extending from one of these pri- 
mary conducting surCsoes round tu the other, which chain consists, in 
Aimie caAe», Hiniply of a dielectric, and in otberti is composed of a die- 
lectric 8e|>arntiiig one of the primary couductiiiir nurfaces, ia oonduotiTB 
connection with another conducting Kurface, whicli, ngids, is sepaimtod 
by another rlit-lcctric from another conducting surfaoe, and so on untU 
the other prime conducting surface fonus ooe of these surfaces, thus 
completing the chain.'' 

We hope our readers may have a more clear conceptioa of the 
meaning of the preceding conditions for the excitement of eleo- 
Iricity thiui we possess; for when electricity is excited by merely 
drawing a stick of sealing-wax through the hand, we fail to dis- 
cover any links of the complicated chain of conditions which is 
state<l to exist as a necessitv. Mr. Webb denies that the n^a- 
tive electricity is absorbed by the earth when a glass rod is 
excited by friction, bnt he does not account for its disappeoranoe 
in any other way. He seems to be of opinion that it is present 
and active even when the rubber is connected with the groand, 
but he does not explain why it gives no mauifestatioa of its 
presence. 
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When coDsidering the iodaction of electricity Mr. Webb also 
conteuiia, with creftter accuracy, .ia we think, that when na electric 
excited piwiitiveiy iuduces negative electricity on the surroutuliug 
surfaceii, an equal amount of jwsitive electricity must altto b« iu- 
duce<l, but he will not accept the explanation that it ia absorbed 
by the earth. He verj' inL'etiionaly auggeata a great variety of 
experimeuta by which hia nypotbeais might be supjwrted; but 
while thus speculuting on the probable and queutiunable reaulta 
of proposed exf>erinieuta, he overlooks those which the electro- 
phoriia would reridily afford iu illuatration of the action of induced 
electricity. When the resinous cake ia excited, and the metal 

!)lat3 rests upon it, the iuatrumeut preaenta exactly the condition 
or which he contenda. Positive electricity is induced on the 
aide of the plate that rest^a upon the electric, and an equal quan- 
tity of negative electricity is induced on the upper surface; but 
after touching the iilate with a conductor connected with the 
earth, the negutivo electricity disappears, and on lifting the plate 
from the resinoua cake it is found to be charged only with posi- 
tive electricity. What has become of the negative quantity 1 
According to the received hypothesia it has been alMorbed into 
the mas'} of the earth and if Mr. Webb can give any more aatia- 
factory explanation, it appears to us that he would support hia 
theory much better than by devising, and Aasumiug the reaulta 
of, fanciful experiment. 

The volume now |>ubliahed contains only the first part of the 
treatiae; the cont«nta of the ascond part, as announced, will 
relate to more practical matters, connected with the causes of the 
retardation of signals by submarine wires. That ia a subject of 
great practical importance, and we hope that Mr. Webb may be 
able, by means of Iiis original and ingeaioua mode of inquiry, to 
discover the means uf removing that aerioua drawback to aub- 
niarine telegraphy. 



ThB Correlation of Phyiic<\l Forceg : By W. R Gkovs, Q.C, 
V.P.R.S. Fourth Edition. Longmans and Co. 

It is upwards of twenty years since Mr. Grove promulgatetl his 
ideas of the relation of thephy.sic:d .sciences to each othec, in a lecture 
at the Loudon Institution, and further in vestigaliona by himself and 
other scientific enquirers have tended to give coherence to, and 
to sanction, the idea that all the known pliysical forces may be 
produced by and reproduce each other. The researches of Mr. 
Joule on the mechanical e<|uivalent of heat, which were an- 
lK>ance<l ia 1843, attracted attention more generally to the 
subject ; and the easny by Mr. Grove, basetl on his original lec- 
ture, has now arrived at a fnurth edition. The opinion expressed 
ia his lectures, and which he repeats, to vindicate hia title to be 
the oriyinaior of the theory of the reciprocal actions of the phy- 
sical forces now generally entertained, may be quoted as a brief 
exposition of the asaumed relations existing between them :— 

"Light, h«at, electricity, nugnetiarn, uiotioo, and chemical-afliiuty, 
an all c^javertible material aSeetiun* ; AAsiiming thither m the cauie, nae 
of the others will be the L-fTuct : thus bent nmy bo am<l to produce elec- 
tricity, electricity to prtidiiuo hc;it ; nia^rttitisin to produce electricity, 
electricity mognotiBiu ; and so of the rext. Cause and effect, therefore, 
in tfieir abstract relation tu the«e forces, are words solely of conveui- 




This theory, exix)unde<l in 1842, baa been exlende«1 by further 
oonaideration and by additional invealigations, until it at preaeut 
includes within ita Bcoy>e, the conservation of force and the reao- 
lution of the action uf all forces into motions. According to the 
view now taken by Mr. Grove, all the various physical forces may 
be resolved into a single force, modified in some unknown manner, 
which operates by inutions of the molecules, and whenever those 
forces are callml int<i action, that action, or ita equivalent, is con- 
tinued for ever. It aeenia to follow as a necessary cousequeoce, 
that as forces cannot be destroyed, neither can they be crcatetl. 
In this reapect they are supposed to resemble matter, which it ia 
generally admitted cannot be annihilated, nor can any new 
matter be creatctl by the operation of any known causes. Thia 
consideration leotls Mr. Grove into nictaphyaical speculationa, in 
which he appiears to delight. He kads us to infer, and even 
distinctly states, that there can be uo new creation of force ; but 
ingeniously aa he aupi>orta his arguments by various illustrations, 
many instances occur to us of the apparent creations of force 
which the illustrations adduced fail to disprove. When, for ex- 
ample, certain pro|tortiouH of charcoal, of sulphur, and of saltpetre 
are mixed together, and a light is applied to the mixture, a 



violent explosion ensues, which has suflicient force to rend roclu 
asunder. We are unable to perceive in the composition of the 
elements of gunpowder evidence of the pre-existence of the force 
which is excited by its explosion ; and the eflfecta of which, in 
some form or another, must, according to the doctrine of the con- 
servation of force, be continueil till the end of time. Again, 
in considering the mechanical equivalent of heat, Mr. C^ve 
mentions the diUerent elfecta resulting from the collision of 
elastic and of non-elastic balls. In the former case, he observes, 
there ia no loss of motion, for it is transferred from one ball to 
the other, and there is couse<]ueutly uo development of heat; but 
when two lead balla strike together there is resistance to motion, 
which evidences itself by heating the metid. This illustration 
will scarcely apply when two lead balla are susjjcnded by strings, 
and one of them is allowed to fid! against the other.' In that 
caae there is no loss of motion, for if the point of impact be in 
line of their centres of gravity, the ball that strikes against the 
other will communicate to it a full proportion of ita owu motion, 
and the momentum of the two balls after impact will be equal to 
that of the aingle ball when moving with the greater velocity. 
There ia therefore no more loss of motion than with impinging 
ivory balla, but there will neverthelees be a development of heat. 
We are obliged to attribuLO the heat thus develo|>ed to some 
other cause thati the loss of motion, and the doctrine of latent 
beat, against which Mr. Grove protests, seems to offer the required 
explanation. The force of the blow compresses the metal, and it 
i-enders sensible a portion of the latent he;«t uatunil to it in its 
previoua state. The illustration which Mr. (irove JuJducea of the 
magnetising and decomposing actions of a voltaic current in pass- 
ing through a conducting wire is a perplexing problem of the 
apparent atLiinnient of double effects by one operating cause, 
which the explanation given di>es not satisfactorily solve. 

It would require much more space than we can now give to 
the subject, to notice as they deserve the arguments advanced by 
Mr. Grove iu support of the forward position he has taken in 
scientific investigations, and to resist, as we feel inclined to dn, 
being led to the conset^ueiicea towards which his theory points. 
It would indeed draw ua into the depths of metaphysical specu- 
lation; in which we should have to combat not only for the 
])oa8ibility of the creation of force, but for the originality of 
thought. In defence uf (he latter, we might indeed adduce 
Mr. Grove's own essay, wliich contains a vast fund of new matter 
deserving the earnest consiilerution of all philosophical inquirers 
We quote from his concluding remarks the following passage, in 
which his views respecting the non-creation of force are strongly 
exhibited: — 

"ThuB, to take an example previously noticed, and nxjede backwarde; 
the spark of lj>fl>t \a prinlucod hy oleciricity, electricity by motion, ind 
motiou ii produoed by aomething else, say a steam- engine — that is, by 
heat This heat ia produced by dwinioal affinity, i.e. tlis nJBnity of the 
carbon <A the coal for the oarpgen of the air : this carbon aad this oxyjieii 
have t>ecu fire\i»u*ly elimioated by octioiu diifieull to trace, but of iIk- 
prv-existcnce (if which we auuiot doubt, atid iu which at;tions we shoulil 
find the conjoint and alternating etTt-ctB uf heat, tight, chemical aftiuity, 
&c. TLua, tracinjT any ftirce backwards to ita antecedents, we are 
merged in an infinity of changing forms uf force ; at some [»oint we 1ob« 
it, not because it bos been in fact created at any definite point, but 
because it resolves itself into ao many contributing fatce* that the 
evidenoe of it is loat to our •ensei or power* of detection; just as in 
following it forward into the tSocA it prodooea, H l>ecomea, aa I hav« 
brfore stated, so subdivided and diiaipBted as to be equally loat tu our 
meaaa of deteotiun. 

Con we, indeed, suggest a proposition, definitely c' 'i. 

mind, uf furce without antecedent force t I cannut, v. 

the iuterpusitiun of creative power, any more than i ...u .^..,.. ;..>«. 

sudden appearance of a inoas of matter ojuie from nowhere, and formed 
from nothing. Hie impussibihty, humanly B|)eaking, of creating or 
annihilating matter, haa lone been admitted, though perhaps its distinct 
reception in philostiphy may ne aet down to th» -ivi-rthrow of th» d-wtrine 
of phlogiston, and the reformation of ■ " 
The reasons for the admiasion of a «<! 

be equally strong. With rt"^atil to i....l,--., ^u.^.i .»iv iii.»iij c™!t=. ui 
which we never {practically pn >ve its cessation of exiatenae, yet we do not 
the less tieheve in it: whn for iustoDoe, con trace, so «s to re-weigh the 
particles uf iroa worn off the tire of a carriaoe wheel I who can reoombinc 
the particle* of was dissipated sad ohemiciuly changed in the bnmiag of 
a candle ! Bv plaoiug matter undergoing phyaioal or > ' i-uiges 

umler ipeciol limiting cironaurtancea, we may, indeed, U' me of 

\\fc .'■■ i..,.;.^*.....„.„.„:..v. {.._.... .;..i,t -an.iaoweniay, u. ......r tu^UUMx* 

of I •i.-d. the evidence we soquire of the 

coiiti: ; III continued exertioii of the force it 

SI 
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exerciaefl, aa, when we weigh it, our eviijenoe is the force of atLraction; 
80, ag*iii> oar evidence of force is the m&tter it acts upon. Thus, niAtter 
and force are contJfttea, ia the Btricte«t sence of the word; the conception 
of the exiitenoe of the rme involve the conception of the exiatencc of the 
other : the quoutitj of matter a^^in, and the degree of force, involve 
oonoeptioni of tpaoe and time." 



THE MIDLEVAL COURT AT THE INTERNATIONAL 
EXHIBITION. 

Like the Exhibition of 1851, that of 1862 has ftlsoits Mediixvnl 
Court Those however who recollect the glories of the former 
(aud who does not 1) will observe with regret the comparatively 
poor display which the present one offei-s. There is less space, 
with more inconvenience; the articles exhibited are all more or 
less ill-assorted, and the presiding genius of a Pugiu, which lent 
such invaluable aid to the orgauiaation of its pradecessor, is here 
sadly missed. True the Eocleaiological Society have probably done 
their best, and bat for their exertions there would probably have 
been no Mediaaval Court at all; still the comparative shortoom. 
ing is at once discernible. We are not going to quarrel with the 
committee for admitting certain articles which here find a locale, 
while others, which certainly would appear to have a better 
claim, are banished into the " Object" court, or are scattered 
about in divers parts of the huildiug: perhaps there are reasons 
for this with which the public are not act^uainted. Whether 
more space could or could not have been acquired it is not our 
province to consider, but the present insufficient room furuiahes 
at least some colour of a pretext for what must otherwise appear 
uaaocountable, except' on the understanding that the outside 
exhibitors were the unyielding parties, aud voluntarily stood 
aloof. In either ca^e the fact is to be regretted, since it leaves on 
the mind of the observer a really inadequate impreBsion of what 
the state of revived Medieval art really is. 

Probably no department of ancient art had been studied till 
lately with less success than the secret of its principles of 
colouring — so severe and yet so refined; so crude and yet so 
well-blended; so individually coarse or gaudy, yet, in juxtaposi- 
tion so well toned down. But iu the elucidation of this mystery 
the impmvemeuts which have been made in modern stained 
glass have had considerable share. An entire change has come over 
the spirit of this work during the last twenty years, and we have 
now artists who bid fair to realise in their productions some of 
the most higldy-prized efforts of the Middle Ages. So also in 
tapestry; Pre-raphaelite (aa they are called) results of the most 
gOTgeous kind are being produced, which are rich in the extreme, 
without l)eing necessarily in the least degree vulgar. Men of 
unquestioned Hkill are giving tiieir energies to theta«k of investi- 
gation, and it i.-* no slur upon such aT-tista as Rossetti and others 
that they should be lending their talents to designing hangings 
and furniture. Thus, on entering the Mediteval court the eye ia 
arrested by a ho«t of these things, — altar frontals, drapery, side- 
boards, cabiupts, sofas, chairs, tables, book-cases, and — to sti-etch 
the point a little — organs, Iu the first-mpntioned of these, 
Mr. Bodley's designs are conspicuous for their beauty, both in 
conception and working out. Those, too, executed by the Indies* 
Embroidery Society evmce the successful application of patient 
labour. For their designs they are mostly indebted to Mr. F. 
Preedy, late of Worcester, but now of Loudon, who has thoroughly 
entered into the spirit of ancient examples. Messrs, Morris, 
Faulkuer aud Co. are important contributors, by far the best of 
their works being the different hangings; and, uextly, their stained 
glass, but in both form has apparently been treated quite sub- 
aerviently to colour. Messrs. Harland and Fisher show some 
good things in the way of decoration; and Messra^. Jones and 
Willis a variety of beautiful specimens, of church tapestry in 
paiiionlar. Messrs, Cox and Son. of Southampton-street, excel 
wore in their curtniu materials than in arti<^lea of more pretension: 
but though everything from their eatablishment hears e\ndeuce 
of care and good workmanship, the designs themselves are not in 
all cnsefl worthy of the pains bestowed upon them. 

Referring to woodwork, plain and coloured, there is ample 
field for remark, but we mu.st content ourselves with a brief 
uotice of the principal objects. In point of number we believe 
those of Mr. Burges will claim priority of notice. They consist 
chiefly of cabinets, inlaid and jyainte^i iu the proper Mediteval 
grotesque style, which, for its mere antiquity only, will always 
enlist admirers of a certain class. Into the discussion of how far it 



is desirable to cherish such conceits weare not going here to enter, 
but certain it is that the mania has spread far and wide; while, 
if anything can assist the movement among those who are dis- 
posed to view these thinga with a favouring eye, it must be the 
perfection of imitation to which Messrs, Burges, Seddon, and 
others have attained; wheref*s to the uuinitiat«<l, or those whose 
predilections follow a different biaa, this very perfection will 
serve proportionately aa an antidote. With a humorous fancy 
Mr, Burges ha.s asaocialed with one of his works, pictorially, the 
story of the *' Wines and the Beers," in genuine Mediaeval guise, 
rich in colours, and quaint iu outline. The subjeot-ilecoratione 
illustrative of Pagan aa contrasted with Christian art, as depicted 
on one of his bookcases, are of the ultra-mediteval type; and, 
judge<i by that test, perhaps moro clever than those just alluded 
to. Tlie subject of the " Metals" has been happily treated on 
another piece of furniture, the framework of which is not how- 
ever so good in design. Mr, Seddou has also a large show of 
fariiiture, in style much akin to that of Mr. Barges, and, being 
lesa recondite in treatment, is consequently more intelligible ana 
likely to be better appreciated. If we might venture on a sug- 
gestion, it would be that some of the enrichments might liave 
been spared with advantage to the general effect, and uiat per- 
haps a more natural flow of conventional forms (though the 
jihrase may seem a con trad l<'tory one) would be more pleasing. 
On the visitor's rigtit and left on euiering this court are two 
small organs, built by Gray aud Davison, from the designs of 
Messrs. PricharJ and Seddou. These will bear comjiarison with 
any in the Exhibition building, so far as constructive features 
are coucorned, but the colours, and especially the inlaying, are 
overdone. The pipes in the front are visible, as they should be; 
but the diapered ornament on them might l>e improved, aa well 
as the colours in which they are paintt-d. We may note, paren- 
thetically, that Messrs. Prichard and Seddon exhibit several 
paving tiles, which are eminently successful as professed imita- 
tious of old specimens. They are partly heraldic and partly 
ornamental, the surface beiug antiquely rough, and the patterns 
impressed with artistic freedom. These tiles have been executed 
with praiseworthy ability by Mr. W. (Jodwin (of Lugwardine, 
near Hereford), whose manufactures in this material are deserveiily 
gaiuiog in public estimation, and who is now engaged on a large 
surface of pavement for Hereford Cathedral, similar iu kind to 
that recently laid down bv him at the Priory Church, Brecon. 
The furniture of Messrs. Mon-is, Marshall and Co.cariies quaint- 
neaa to the vergeof extravagance, and with one or two exoeptioua 
must be regarded as a thorough failure. They have not tha 
least pretension as articles of beauty, so that unless the alterna- 
tive recommendations of perfect adaptation to comfort and utility 
are manifest, such attempts ai-e biitter avoided. Gothic Ibey 
certainly are, but in the objectionable sense of the word, crude 
and unattractive in form, and for the most part slightly framed 
together in black wood. Tlie stuffed cushious, &c. are more 
sensible, as thev are evidently intended to wear, and their sombre 
hues will not sliow the dirt mt do the ordinary delicate colours. 
Mr, Norman Shaw's clabjirate bookcase, executed iu various woods 
by Mr. Forsyth, was described by us when noticing the gallery 
of the Architectural Exhibition. It is here .seen to advantage as 
viewed along with other things of a aimihr kind. The specimen 
of wood-carving by Mr. Wilkie, of Liimbeth, is desening of 
mention on account of its beauty aud the care with which every 
part has been expressed. It is small, and consists of an arrange- 
ment of foliage. The stall euda fur Chichester Cathedral have 
been noticed elsewhere. 

In stone-cirving there are some clever works. In the higher 
order of art there is the model of the fine tomb and recumoetit 
effigy in Canterbury Cathedral, to Dr. Mill, executed by J. B. 
Philip, whose enormous chimney-piece for a nian'iion in Corn- 
wall, designed by Mr. Burges, is the prominent object on the 
left-hand side of the court. Around its front aud sides is illustrated, 
ia !baa-relicf sculpture, a local story, with an excellent effect. 
A particul.-»rly fine elligy of the late Earl Cawdor, bv Mr. J. 
Forsyth, ia quite equal — perhaps superior — to that of Dr. Mill, 
to which it bears some points of resemblance. We are glad to 
observe the new reredos whii;h Mr. Burges has designed for 
Wftlthiuu Abbey Church, and which has been car\'ed in the best 
style by Mr. NichoUs. in this, sculpture is judiciously distributed, 
and alf maintained iu good keeping throughout. One of the in- 
tended figures is shown by itself, decorated as proposed: this is 
done' in positive coloiir, on the Media?val (t) principle, as di»- 
tinguished from the more delicate touings of Classic art. A 
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peredos by Mr. Earp, designed by Mr. S, S. Teulon, is not equal 
to the beautiful font in the " Objeci" court from the same bands; 
while another font, by Farmer, from Mr. Norton's deaigns, is too 
puny, and frittered to an absurd degree. The other font, one by 
Masars. Kirk and Parry, is notliinj? less than positively ugly: 
Ishowing a total disregard of real Gothic feeling. Two eagle lec- 
terns, both by amateura, may on tliataccotmt claim indulgence in 
passiug an opinion, otherwise much could not be said in their 
favour. The large cast for the sculpture of the Eesurrection, 
which is to fili in the tympanum of the Digby Mortuaiy Chapel, 
at Sherborne, is here shown, and is a very impressive and noble 
work, from the hands of a young artist, Mr. Kedfern. 

We have thus adverted to the most important contribu- 
tiona to the Mediteval court, and can only repeat our regret 
that the occasion has not called for a more special and ex- 
tended notice at our hands. It should not be omitted however 
to call attention to the fine drawing of the new ceiling under the 
, western tower of Ely Cathedral, as proposed by the l.ite Mr. H. 
'Btylenian L'Estrange, who had already so zealously and admi- 
) rablv painted the fresooea on the n.ive roof, and whose recent and 
I audden death is a loss to art which will not r^^adily be supplied. 



I 



FOREIGN PUBLICATIONS. 

' Palnig, Chateaxtx, Hotels, et MaUorit,' par Claude Sauvageot. — 
The iBsne of this work is proccediug regnlarly, the sixth part 
having recently come out The best recent illustrations relate 
to the Hotel Je Bogtie at Dijou. This building must be moat 
remarkable for its richnesa and variety, and, though far from 
latge, furnishes subjects for a very considerable number of fine 
platen. It w.ts built at the commencement of the seventeenth 
century (about HjM) by Eslienne Boubier, a man of note in the 
province, and a lover aud student of the arts, aud is believed to 
have been from hia deaigns. E.xcejit the portico, which is Italian 
in its conception, the house is in style quite French — m.ty be even 
called Burgundi.in. It belongs to that fertile local school which 
at the close of the sixteenth and commeucemeut of the seven- 
'teenth centuries covered this province with editjces,and furnished 
them with those innumerable coffers, cabinets, and chairs of 
carved work which are so much sought after by collectors at the 
present day. A certain coarseness iu execution, more abundance 
than elegance in details, a certain disregard of rule in the 
arrangement of feature.s, but a richness and variety which are 
unequalled; extreme boldness iu the selection of leading features 
and m the system of decoration, and something of a picturesque 
recollection of Mediieval art shining through the formality of the 
Renaissance; — all these characteristics are jn-oper to the works 
of this school, aud tlicy all are tu be found iu this work of 
Estieiine Bubier. Besides this charming house, the Chateaux of 
Pailly, Tiiuhiy, and Auiy le Franc, aud other examples, furnish 
subjects for illustration. The execution of the phttcs continues 
admirable. 

' Aiugefuhrte Bauwerke,' von Fr. Hitzig {' Executed buildings,' 
by F. Hitzig), Berlin: folio, 2 vols. 'Architektimische Auanih- 
rungen,' von E. Titz, ('Architectural Executed Examples'), 
Berlin: f"lio, 1 vol.^-are two works of much the same nature: 
they consist of lithogrnjih eogi-avings from working drawings, 
allowing the whole or portions of executed works, with a few 
perspectives appended; which last, by the bye, are by no means 
the best executed or most creditihle parts of either book. The 
works of Titz show talent and originality. They are iu a some- 
what peculiar stylo, ft version of the modem classic-il manner 
which prevails so largely iu Paris, but treated with ver>' much 
greater freedom, the dettiils bearing some reaeniblance to Swiss 
decorative work — especially in the use of pierced spandrils, and 
the treatment geuerally of the woodwork. The mouldings 
throughout are original aud good, and the decoration often very 
successful. In Hit/.ig we have an artist of a wider range, of 
whose works more numerous illustrations are given, and whose 
designs evince a deeper feeling for the classic in architecture. 
This is especially shown in the house of Count Pourtales at 
Berlin; the dwelling-houses in the Schiffes Strasse; aud the 
mansion on the exercising ground, also at Berlin; and several 
designs for hou.Mos in the suburbs. Three large castellated man- 
sions are illu-slratod, all of theiu possessing something grandiose 
and happy in grouping, but emiiiently unsatisfactory in detail 
and in aecorative treatment to an English ej'e, the art being on 
a par with that of the worst parts of Windsor Uostle. Aa speci- 



mens of planning however these mansions deserve the most 
careful study, aud display ability of the highest order, aa 
indeed do all the plana in the book; aud on thib account alone 
these volumes would be well deserving attention. Many ex- 
cellent hints are to be got from them; and the two or three spe- 
cimens of internal decoration which they contain (excellently 
printed in colours) will be found especially suggestive to the 
artist. 

'Die Kunst des MUtelaltert in Schwaben,' ('Mediceval Art 
in Suabia'). Bg C. Heidelojf, Slultgart: 4to. with folio atlas. 
This work is one which will probably have more a local than 
general interest Tlie district which it illustrates is hardly on| 
of the richest in objects of architectural or archaeological value 
A ver}' large number of Mediaeval fragments or works at 
remain however scattered about through the district, and a very"^ 
resjiectable volume, prepared with all tbeTcare of the German 
archoeologiats, is the result of the determin.ition to illustrate 
them. The plates are treated with the peculiarities which beset 
all German engravings, and of which, certain want of skill to 
render foliage correctly is one. Tliis defect is markedly present 
hero; but in other particulars the book Is well illustrated, aud 
throughout it ia very carefully prepare<l. 



EAST INDIAN RAILWAY, NORTH WEST DIVISION. 

TnK Consulting Engineer gives the following general progresa 
report of the operation^ of the East Indian Railway iu the North- 
western Provinces, for the half-year ending December Slst, 1661. 
Up to tliat date 243} miles of railway, extending from Allaha- 
b.id to Sekoabad, was open for public trafiic. Since then it has 
been extended to Agra, making a total of 27U| miles opened up 
to date : — " Thirty-four and a half miles of new line were finished 
during the half-year, and opened for public tntftic. Progresa in 
the next 36 miles to Agra has been delayed by the want of 
sleepers. This length has since been opened on April 1. The 
line from Toondla Junction to AUygurh is ready for permanent 
way, but waiting for sleepers. Jrorn AUygurh to Ghazee- 
ooddeeunugger, within 12 miles of Delhi, will be ready for the 
permanent way long before the latter has been laid to AUygurhji 
Plate-laying on the length between the Kunumnassa and Be- 
nares will commence as soon as enough slee^>ers have been de- 
livered to insure the work being carried on without intcriuptioo. 
Messrs. Dear and Co. have begun to deliver sleepers at the raouthl 
of the Gunduck, and the transport department will convey them . 
up the Ganges, and deposit them at convenient ghauts near to 
the line, The Chief Engineer lays stress on the growing difiB- 
culty of procuring sleepers, and advocates the use of a wrought- 
iron road on a section of this i-ailway. An indent for 150,000 
creosoted sleepers, to be sent out from England, has lately been 
i-eferred to the Board of Directors for compliance. The Commis- 
sioners of Kumaon, Meerut, and the Superintendent of P^oresia 
in Oudh, have been addressed on the subject of supplying 
bleepers to this line, and inquiries are being puraue<l iu thoj 
jungle tract south of Mirzapoor. The electric telegi-aph is no^ 
iu working order from the Kurrumuassa to Ferozabjul, nea 
Agra, a length of 3i)7 miles. There arc '2Q stations, and the work-j 
ing is satisfactory." 

The gross receipts on the opened line amount, for the half-year, 
to rs. 8,t)7,6-44, and the working expenses to rs. 3,63,025. The 
expenses and profits are therefore respectively 41 "95 to 5S05 
cent earnings. The Considting Engineer thinks that this show*' 
economical working. The profit is alKiut 2i j>er cent per annum 
on the expended capital — a result which seems far fi-om satisfac- 
tory. But even from this a considerable subtraction should be 
made, as it includes the cost of tranaportiug railway materials, 
which in estimated nt rs. 2,50,242, or almost oue-holf of the total 
profits. 

The Traffic Manager reports on the passenger and gooda traffi<vi 
that the former is becoming more and more developeid every daj;f 
that the Coaching Traffic iu the Iialf-year under review is 
i-s. l;.3O,230-2-l in excess of that for the corre«p<mding hall-year 
in 1860. The increase iu the goods traffic is very large, being 
rs. 2,05,053-8-2 in excess of the corresponding half-year, aua>i 
when it is taken into account that a vast quantity of gr.tin waa I 
sent over the line, conaequent upon the famine during the half* 
year endingDeceraber I860, and none this baU'-year, the iac 
moat be regarded aa highly satisfactory. 
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CIiASSIFIED LIST OF PATENTS SEALED IN OOT. 1863. 



1810 M*roUa, 9.— Fire nnM— Uay 3 

IMl Lvmae, F. A., and rtirurd, C. V.—fin «nn»— April 13 

SOOT UiU. T.— Ride biitu^Tol}' 13 

IIM Koto, W.— Barrels of flrj ivrra*— April 19 

1I6S Moncktou. E. H. C. -MoUl for ordjuuioa— April SI 

HOT Tranter, W.— Fire ann<— JtUy 19 

1181 NkPier, J. 31.— V[A(;hiiiorv for nuuiolketarijig prerleoUles -April 10 

19W H»lp, W.— Rocket-April H 

IIH Boud, J.— Projectiles— Aprils! 
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Coiling. J.—'Eeedng ships' »an«— April 6 

aimonM, W.-Oai.itractingithipii — April T 

Brown, J. — Cotliitg *liip«— April 8 

Wright, J. - Joiujng aiinonr ptotea -April 8 

Jonoi, J.— Cnnttru^iog and armiag ihips — April 9 

Colo*, C. P.— Shipx' mut»— VprU 10 

Bra««, Q.— Prot«aiuD for ibipii, forU, &c.— April Id 

Ibrmtt, C— M.v(t«, yanU, &u.— April U 

BaMJMD. O.— Wir» ropM-April 16 



}l<'il"!i V, J,— Sbip bolldiiig and annoar— UaySl 
' — Sbipi' liuillioru9 aiiil !>l4;uaU— April 10 
I S. - Method for propulaiuu of roftteb — AprO IV 
1 1 .— Kuddtfr- April Vi 
>.— VimmU of war and battcric*— April 30 
E.— Steering apparatus — May 17 
1 - - !'iori«ller«— ♦pril 48 

1 T. U.— KaiaiogMiolcQn veMolt — MayT 

'J M. A P. - Flouting batteries (a cam.}— July It 

I, R. A.— Dirlug appwatna — Aprils 
V>m iViKxck, R. A.— Loclcgatct- April IS 
Vil6 Aspluoll, J. — Safe for shiiM' papera, ko. — April 16 



"Silver. T -Oorcmor*— tpril 4 

FloldlDB. 3. H., and T.-Valvoj rtai\ labric«ton-April4 

Kuoweldun, J. -f<i. m ml " )i -r fluid eiifiue* — April 9 

ajwnccr J, K.— ^- 14 

Blrktwlt, G. \\ —April 23 

nrc'iiiiEoi. U A ^< lj«* ofboat (acom.J — AprilSl 

!\ com.)— April M 
rt, &«.-AprU 1« 

iiruouk.ui, Iw. A. — V.iluv :u loiu.'— April 17 
SUiiW, J. — Iiiili''j»toni > i-om.i— .April 'JS 
Hdar, J. — S(/^aai t-nttiue* » 'd l»ilon -April Ifl 
Fbilllpaoo, r. C— ai«am baiunwrt— April 16 
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1316 
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IJ'i'j Iti.»rniin. R. A.— BafTfTH and rprings — April 17 

I' —Railway bn»k»— April 17 

I -R.iUway rail i\ i-os.) — April 17 

1.. I 1!. 0. -lUUwiky irhecU-AprU« 

\!t\* Mt-uuoiis, M. A. F.— LcKunurtLoD oa»t««p inclloe* — May W 
il9t fiafgett W.-LoooukOlirei -April 34 

11515 Porin. J. L.— Morticing rD.whliiery— April 17 

lJ2fl Bnrlinr, U. ■. — Cotton pruiMK a com..— May 51 

117S Oxl*v, J,— Apparmtu* for bread cutting— April 3U 

IM'J Chili*. D. M. -ChAtuflnii tho uiovemeoM of inaolUn«rT (a oom.)— April « 

1»7"J Blddle, W. -Hyrtntullc pn]aM»— Uay » 

971 B<«j. W.— flmolte-ooiMumlna apparattia; rtim»M-b«n, brid^ea— April 6 

10J4 BortholoOMW, C. riroiilnr bliuHDA— April 10 

l*>i Muiiidt, R.— P.M 1— April 54 

1001 Paytoo. K-An. H 

ItaJ M.irri, K — Ix- iir plates— May 8 

II. . '. . . i, \ 21 

1 . . 10 of iron aad ateel— April M 

I : . . ruionr platex — May 6 

Vi'M WiL^jd, i\. It. -Mriii.il.i'.riroof malloableifMiandalofll- April W 

1X33 Wil4*iu, K. B. — .\Ullrublc< iroaaod steel -Hay I 

1075 Brooii)i>n, ". A.— Pumpi— April 14 
K'.'CT Cuuper. J, — Puiap^-Augiut 1) 

I90U C^tlobraill, C— '^owiug m&ehiBM— JntiB iUt 

lUO JnhtHion, J. U.— WliL-el oauing machineiy— April 16 
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■rowii— April 8 
- klaimr?— 'pril 48 
M ..Mii^' .1 ji.l ruMpiug machlnM'aooin.)— April lU 

-AprU 11 

■ lis:; 

I. * Ai>riJ 19 
.Tilly til 
: mke-->i>ril 36 
-April 36 
—April 29 
: iiiea 'a i.-oiu.]— AprU 19 
. - »prU 30 

.„...., . Mjys 

i^liliclcevaeu, C AU;i..uj-i for mouIiUiiB briekt, tarf. kc.— May 3 
Mrnuoii*. M. A. F. — Appacataa fbr nidacfiig tmnon in tlie limbs of boisea fa com.^ 
Juui! 28 



Ro4«, J.- trriiil 
Child*. D. M.- 
Carter, J. M.— II 
Fowler, J — ilii-. 



9<t| H*««ltin«, O.— £anip« fat hydraoarboa oil— AprU 7 
1008 Cobl«y, T.— Tn-slmeol of orea- April 8 

lO.in !>.■■,. ■■•11. ll.-l'.il.-ilii ».»U -A(.ril la 

1 - >>iring mattoTB — June 24 

1 I.: 

) ricooi.; — April 16 

I . — OiiUiuing uiulJUc t.'up|wr and allrer— AprU 14 

li.— HydroioeVor— Juwe J6 
- ilT(lroiin't«M— April 23 
Hi. : . V ioteble snbataiux*— At>rU 2S 

I , ;, \s ; , vc (a com.)— April 19 

\i Mii-r, ii. - M . . . : 



1007 Andrew, J. E. H.— I«nn»— Airil9 

1010 Ballougli. J.— Lootus— April 9 

1011 TftTlor, W.— Cotton »piiiiiing- AprU 9 
IHi Wniiklyn, W.— Preparing sitaA lodlmn oottufr— July 80 
aiSft BriRg«, J.-W».bU, Upea, lacee, ftc — Aogttat 8 
1048 Kuttvrwortb, E.--nrcMrTiiig the fonnaoredpa— April II 
1064 WliitefiiiitU. I.— Power loomn — April 11 
1055 KoMer, N. — PreporLng flbroiu inat«riabH-AprU 11 
1080 PUitt J. - Looms -AprQ IS 
1087 Plait, J. — Apparatui for cleaning wool— April 16 

1130 Hariiug, \V., .iiid Todd, M.-Loaou- April 17 
11S2 Muri»hy, J.— Looui— April 17 

1131 Kivi.-tt, 3. C— PrppariDu tibrouc roateriaU fiir «pinoillg — April IT 
IlfiS Wbtallcy, H. Atram arviug auparatus— AptU $4 
1141 >'t*wttrl, B., atid O.— Flyers and sulndlo*— April 19 
1171 BatM, O. W.— DreMlbg iaa»— April 3*! 
lt)>7 Coquatrli, J. B.— Wnriog carpct»— June 30 
Sini SawKHi, H. — Woolcouibijis machiuery— July 24 
12J'l Brocklsbursr, T. IT.— Koelu«— April 28 
1833 Aiiitertou, J.— 8lzij|g yani -June 11 

1205 TrarU, A. and B. — Uardiiig coltouaad other flbriM— April SO 
1180 Norton, J. L.— Drring apparatn*— Apr 1 SO 
118(f Loy. W. T.- OanUag ntacbiiie |a ram.)- april SO 
1:!9< Boddea, W., and Meroer, W.— dovisg miwjhinea— May 3 

1048 Oedge, W. 2.— Lamp for miaea— April II 

980 Doncan, C. 8.— Veiililatlng apparatna— April 7 
1104 Zimanl, B— Store for heating and Tootilatloo— April 34 
li(60 Timrd, W. U— Heating and oondeasiug apporatui— April 39 

1334 Uart, II. W.— Redtwior for gas UgbM-AprU 36 
1194 Winsborow, John. — Oas meters— April 34 

1»«4 Wood, N.-Poliahing pUto glass -May T 
1913 ICaatoo, W.-AnneallDggbua- Joob 80 

9T8 raownet, L.— Tiles— April 8 
lt44 tAflcston, J.— Portland cement— April 9 
llSl Clailt, E.— Archer -April :!u 
1378 Frioce, A.— ImitstioD of nuu-ble [com.)— April SO. 

1165 Crseke, C. C— Drain and other pipes— April 31 

1151 TroncbOD, A. P.— Coiutructiog buuies, walls, &c.— April ?1 

l»n OiUe. J. M.-InkUand-Jaly 9 

1328 Allmun,H.- Locks- May 5 

13C9 Dairs, O.— NoiU, screws, sic— AprU 80 

1350 Newington, S. W.— Tap-April 39 

1346 WellB, U. F.-8crcw c^ps-April 19 

lies Pataaoi. S. ^.— Forging horee slioe iwila— April U 

1145 Loysoll, E.-Locks, Jcc.-Aprilld 

959 Moolton. O.— Roller* for calioo printing— AprU 4 
not DaagerflFld, P.— Priutlng proises — April 34 
1J54 Clark, W.-Prlntinc mftohiuus (a com.) -May 6 
IITO Carpenter, AV.- I'rlniiiig m colours— AprU S3 

1068 Toibansen, F.— Tvlegrapbic printing apparatva— Aprill4 
1168 Davie*, U.— KiecCric appriratus ,a com.)— April SO 
1338 NegretUandZaoibra.- Tbennomoters— AprU36 

9H7 JackaoD, T.— Pianofortes— April 7 
1148 Worunm, A. N.—Piauofortea— April 19 
1384 WiUU, H.— Organ valres— AprU SO 

908 Monclon, E. H. C. - Timokeopeia— Aprfl 8 
14S1 Buikney, T.-Xlmekeepere— May 13 

977 Brcar<-y, VT. F.— Medicated Teasels— April t 
1368 Mioliael. B.— Aemting liquids (a omn.)— AprU 29 

ISSS HMlachlon, L,-!'hDtugraphy-AprU 35 

964 Brooman, B.— Cases for reels of ootton, silk, jcc— AprU 4 

976 Clark, A. — KeTolring ahntteni — *priJ 5 
1054 bunnett, J.— Hevolnng shottera— April 13 

»!<» JaijUL'5. J. - Iikstruineot for the game uf croquet— AprU 8 
lOOU IIulliimliRd, U. Sandwich caaes— AprU 9 
1024 Uoughtoo, John.— UaTresnck— April 10 
1087 foi., W.— Brooan aud bruidi«a* — April 10 

1048 RigoUot, F.-UooU and i<liirt-s-Aprd 10 

1049 Ciarku, W.— Lealheru accwatn^meiita— April 11 

1069 Hampahire, J. K. -Safetr cage fur minora — April 14 
1334 Newton, W. K.— Lamp chimneys laoom.)- AprU 35 
1384 Newton, W. K.— I.amps laeoia.)— April 80 

1330 Newton, W, K,— Method of joiuing boxe»— May S 
1076 Brooman, R. A.— Hobby hor*w— .April 14 
1080 Beooett, T. U.— Huls aud Caps— \prLl 15 

1096 EdVMtis, T.—I«ttitrboxe»— April 16 

1097 Barbour, J. -Upbolaieren' hammer- AprU 16 
1188 Wedgewood. H.— Fire escape - AprU 17 

1380 Clark, W — CoUara and cam (a cum.)— AprU IS 

91S0 HaiwlUuc. G.— Carriage wbecU laeom.)— Angoiit 

IIU Khudoi^ B.— Paper and other pipes— April 19 

1106 Lsa, T.— Alarms— April 31 

118T McoHrtoD, E. H. C— Umbrcttas and waterproof (abrica- April SS 

1186 Bonafteld, O. T.— Carriage springs- AprU 33 

1197 Darta, Q.- Halting— AprU '.'4 

ISSS Bovit). A.— Hair piiiii-AprilCd 

1134 Lefebne, P. V.— Fountain pens— May 8 

1841 Marklaud, T.— Wuaring appanil— May T 

1990 TowBsend, E.— Hoots and shoes- July 10 

8088 Morrill, 0. P.— Cooking stove— July 18 

1078 Oark, W.— Pomado la cooi.) Joly 31 

SSS6 Wheeler, C. A.— Peribratiug paper— aogiut 11 

1S8T Lastnr. A.— Berlin wool work— AprU 36 

1364 Moore, E.— tibirU and dresses— AprU 80 

ISTl MideB, J.— :ta&ty lamps— April 30 

1179 8tkV(«D« W.— A new material fur the mantitactun.' of braskea— .^pril S<> 
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THE SPECIAL EXHIBITION OF WORKS OF ART AT 
THE SOUTH KENSINGTON MUSEUM. 

To tlie stininlus of the Tnternntioiml Exhibition is doe the sue- 

SBtiotf and oi^nisation of the ninrvellmia colk'ciioa of Medioeval, 
ioaiBSAiice, and other works of art displayed id the Dew buildinga 
at South KeDBington. This ia familiarly known as the "Loan" 
Museum, inasmuch as the objects now deposited there have been 
lent for the purpose by their respective owners, subject to the 
nnderstanding that, while so limit shall be assigned to tlte term 
of their exhibitiou, they may at any time be reclaimed by their 
several proprietors. The felicitous idea wliich gave rise to this 
oollection has resulted iu « success as extraordinary as it was 
loertaiDly nuexfiected; .lud the interest which it awakens in the 
niympathiea of all claases of the community is evidenced by the 
crowds which thnnif^the museum both on the private and public 
days. Though originally ioteudeil as a kind of adjunct only to 
the Intcmatiotial Exhibition, to be inaugurated about the same 
time, and closed simultaneously with it, this latter proposal has 
not been adhered to; consequently, though the products of the 
world's great fair are by this lime dispersed, the priceless 
itreasiires in the adjacent building are, for the most part, still on 
'view; and, now that their counter-attraction has ceased, the oppor- 
tunities for careful study are enhanced, and the anxiety to make 
the most of them appears to be increasing rather than ou the 
wane. 

In endeavouring to present to our readers a brief record of the 
chief objects connecte<l with Fine Art, as being most strictly 
within our province, it may be thought that this specific notice 
has been deferred too long; but it must be remembered that, in 
an exhibition of this kind, no description, however clearly aud 
completely given, can compensate for the lack of an .-ictual in- 
spection; while it may be presumed, there are few who make the 
least preten$<ion to an interest oracfiuaintance with such subjects 
bat have long ere this found some occasion for thus person- 
ally examining them. So that what we have now to detail may 
rather be viewed as a deliberate resume of the whole collection 
for useful permanent reference, than as a mere introductory 
key or cataldgue to its contents. 

It should be premised, however, that the fosmation of this 
Loan Museum formally originated with the Committee of Council 
on Education, who, in a minute addressetl toiler Majesty's Privy 
Council, slated the intention of the department to assemble this 
Itpecial collection of works of art, "with the view, more particu- 
larly, of bringing together for temporary exhibition the finest 
known speciineiia of their several kinds in this country." The 
subjects thus more especially contemplated for ill ustration were 
— Decorative works in metal of the Medi/evaland more recent 
periods; goM and silver pJate, bronzes, decorative arms and ar- 
mour, jewellery, enamels, earthenware and porcelain, carvings in 
ivorv and other materials, decorative furniture, miniatures, &c.; 
and an efTicient managing committee waa speedily organised to 
give practical elfect to this resolution. The main classilicalion of 
■objects, as above enumerated, was rigidly adhered to; but the 
^general scheme admitting of subdivision, many kindred features 
were introduced, of more or less impctrtance and subserviency to 
the whole; while a very proper reguhilion was enunciated from 
the first, which was that, as the aim was less the formation of a 
very extensive collection than that of an extremely select and 
r systematic one, the reception of unnecessary or duplicate speci- 
Tlnens mast be avoided; and also, on the other hand, that the most 
Icareful consideration should be exercised in the selection of the 
[xeal and acknowledged treasures of art alone desired ou this 
occasion. These additional classes furnished a by no means 
unimportant supplement, embracing, amon^ others, works in 
marble and terra cotta (within the period assigned), cameos and 
engraved ffemB,niellu and impressions from ancient nielli, engrav- 
ings, impTeraents and utensils of ornamented cutlery, mosaics, 
glass, textile fabrics iu genera), includmg articles of costume and 
lacv, bookbindings, and illuniinateil manuscripts. 

This noble attempt has succeeded, as we have stated, far be- 
yond the expectation of its projectors. Thus, here are concen- 
trated the splendour, wealthy and curiosity of the central gallery of 
the Manchester Exhibition, of the temporary museums forme«i by 
the Society of Antiquaries and by "the Archoeological Institute, 
the exclusive gatheriuga of the Fine Arts Club, and the wonders 
exhibited at Ironraonger.'i' Hall last year. The thorough ar- 
rangement of 80 overwhelming a mass of articles, amounting to 
many thousands, has of necessity proved an insuperable diifi- 



cnlty, and even with the help of the excellent catalogue which 
has now — unfortunately too tardily — made its appearance, it ii 
next to impossible to follow their order as enumerated, owing to 
80 many of the most important objects having been removed 
to more conspicuous positions. But these disadvantages are 
mo»-e than counterbalanced by the opportunities thus fur- 
nished for thoroughly minute investigation, and the observer 
i.-i amply repaid for the additional trouble caused by the dis- 
phicemeuts. 

In dealing with the subject at large, it will be evident that, 
from the limited space which can be devoted to its consideration, 
our remarks must be chiefly confined to such portions aa bear a 
legitimate aud practical value iu relation to the several branches 
of architectural art, and our aim will be to dwell particularly 
upon such instances of applie<l skill aa, either from their variety or 
theirinstructive elements of design or workmanship, claim this dis- 
tinction. A very few words must suffice on the subject of the sculp- 
tures in marble, terra-cotta,&c.and carvings in ivory. In the former 
of these the most interesting are some of the productions of 
Michael Angeluand Torregiano; and there is a very line circular 
i-elievo in " gesso duro" (No, 21), ascribed to I/>renzo Ghiberti, 
It is, unquestionably, a Florentine sculpture, the subject being 
the Virgin and L'hiM with Angels. There is also (6) a good spe- 
cimen of "Delia Robbia ware," circa 1460; being a statue or 
group in the round, in terracotta, the drapery and accessories 
enamelled. The very numerous and extraordinary collection of 
sculptures in ivory, lent by Air. Webb, will be viewed with in- 
terest by all who can appreciate the extreme care and delicacy 
ref^uired in such works. Some of its various specimens date an-> 
tenor to the 13th century, and the series is crrntinued, through 
various stages, to the Renaissance. These subjects are 122 in 
number, and consist, for the most part, of smalt diptycbs, trip- 
tych!*, arid devotional tablets, carved with scriptunu and all^;o> 
rical groups in the most exquisite manner. Bi-sides these, there 
are some crosiers and other objects of religious use; also some 
remarkrible coffers and caskets. A beautiful example is of 
the third century, and is a small bas-relief, in height six inches, 
and representing a jMirt of a sacrificial procession. The rough- 
ness of this specimen points to perhaps the very start of tha 
art. No. 39 in the catalogue is the first example of Chria- 
tiau ai't in ivory, and belongs to the sixth or seventh century. 
It is a book cover iu five panels, bound by metal bands, and 
i-epresents the Virgin aud Child, with figures on each aide, pro- 
bibly of Isaiah and Melchisedec. A medallion of a head of oar 
Lord, supported by angels, is above, and three scenes from the 
Nativity oelow. the middle figures. A Byzantine bas-relief of 
the ninth century represents SS. Peter and Paul, with an angel 
between, and above tha Greek words nOAlo PHMH, which, on a 
Byzantine carving, seem to reqnire some explanation. A tryp- 
tych, or hinged altar-piece, of the fourteenth century, is a good 
work and interesting. No, 105 ia curious from the fact that the 
group of the Virgin and Child bears traces of painting and of 
metal work added to the ivory. 

In the collection of ivories belonging to Mr. Brett will be no- 
ticed several beautiful pierced tablets, such for instance as (197), 
which is in four pieces, and contains sixteen subjects from the life of 
Christ, surmounted by Gothic canopies and elaborate tracery; in 
the spandrels are angels playing on musical instruments. The 
date is about 1400. (202) is a triptych carved from narrow pieces 
of bone, set in marquetery bonlers: it is of North Italian work, 
fifteenth centurv, and belongs to the Bodleian Library, Oxford. 
A devotional tablet, representing the Crucifixion and the Adora- 
tion of the Magi, is also particularly meritorious. Mr. H. O. 
Bohn has a tablet with a filigree metal border, which is curioos, 
and seems to us later than the date assigned in the catalogue, 
which is the niulh centuiy. Mr. G. H. Alorlaud has a beaa« 
tiful tryptych of nearly eight inches in height, and bearing nu- 
merous delicately-wrought figures iu groups, under Gothic cano< 
pies; it is of the period of the fourteenth century. Mr. Edward 
Waterton has a similar, but smaller, tijptycb; and from Stony- 
hurst College there are several beautiful specimens of tryptyobs 
and tablets. Mr. Hope Scott has a very pretty group of the 
Virgin and Child, which belonged to Syon Nunnery, and is of 
English workmanship, between 1200 and 1300 a.d. An exquisite 
crosier head belonging to Mr. P. H. Howard (206), is iu every 
sense a most remarkable production; on one side ia a represeata- 
tion of the Virgin and Child, seated, and attended with angels; 
below are diminutive fignres of the three kings; on the other 
aide ia our Lord, seated in judgment between two angela, bear^ 
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Ing emblems of tbe passioD; at bia feet Are human figures 
issuing from their toiuba. The upper part of the crook is 
pieroea and oomposerl of verj elegant rniiniDC scrolls of foH- 
$^6; on the knop jire the twelve apoBtles arranged under six cano- 
pies, with two niches in each. It is of Eugliah vork, date fourteen ih 
oeutui-y. Mr. Bereaford Hope has alao a good, but a plainer, 
croaier, entire, the crook representing the coronation of the Virgin 
Mary, as Queen of Heaven. This is also of the fourteenth century. 
A croaier head from the Ashmoleau Museum at Oxford belongs 
to a similar period, but haa been supplemented by silver work of 
a later date. Some ivory boms, by which the owners hold 
tenare of manors and forests, are remai'kable, the most interest- 
ing being the Bruce horn, belonging to the Marquis of Ailes- 
bnry. It is a plain polygonal horn of ivory, tuounted in silver 
gilt, and enamelled; the two upper bands are decorated with 
quadran^lar panels inclosing figures of animals, with a ground 
in translucent enamel representing landscapes; round the mouth 
is an arcade with birds; the other two bands are more recent. 
The belt is studded with enamel jdates, with the arms of the Earl 
of Moray, probably those of Thomas FitzRandolf, nephew of 
Sobert Bruce, and Eegent of Scotland, who died in 1331. This 
belongs, it is supposed, to the fourteenth century. Some cheas- 
nieu of the twelfth and thirteenth centuries bear witness to the 
great antiquity of the intellectual game. The most complete 
set belonging to the former period is the property of Lord 
Londesborough, who is a large contributor to the Loan Museum. 
A statuette of Jonah, from a marble statue attributed to l^f- 
iaele, is an exquisite work of art, which will repay exami- 
nation. The Tutbury horn, or tenure horn of the honor of 
Tutburv, in StatFurdaliire, is a plain horn, with a belt of 
black silk and stiver mountings; at a junction in the belt is a 
silver shield with the arms of France and England quarterly, 
differenced by a label ermine, and impaling Ferrers Earl of Derby. 
The length of this horn is one foot, and it is ia date early in the 
fifteenth century. Both these horns have been described in the 
Archruologia. An oval dish in ivory, belonging to Mr, Beresford 
Hope, is most elaborately and minutely carved in many compart- 
ments with hunting subjects; also the ewer to stand upon it, iu 
stag's horn, mounted and inlaid with ivory, is minutely carved iu 
the same style as the dish ; being apparently the work of an emi- 
nent artist of the school of Augsburg. We may mention, jdso, 
as a curiosity in this class, a tankard in ivory, richly mouuted iu 
silver, the property of the Earl of Derby. The 'subject of the 
flarviog is a Bacchanalian procession; the silver base and cover 
ftre of old Enfjlish work of the last century, and at the top 
is the crest of Horiice W/dpole. There are in all 277 separate 
objects in carved ivory, which form this section of the exhibi- 
tion. 

Of " Art Bronzes" (as they we termed) there are no fewer than 
:M) sjwcimens, mostly of statues and busts, and of Roman work- 
nmuship. There are however, interspersed among these, some 
very elegant domestic and other articles, ^-iz., a brou?.© saltcellar, 
helouging to Mr. C. D. E. Fortuura; also a triangular sweatmcat- 
Htaud, or saltcellar, belonging to the same gentleman. It is 
in gilt bronze and silver; the lower part or stand formed by 
three sea-horses; the bowl formed by pecten shells in silver, and 
»«urmuunted by a gilt statuette of Neptune. A bronze candle- 
Ktiek, the stem of which oonsiats of a statuette of Venus, holding 
up a vase or basket which forms the nozzle, and whose wide 
base is richly ornamented in relief with amoriui, arabesques, &c., 
is an exquisite Italian work of the first half of tlie sixteenth cen- 
tury; the height is only 8i in. So also we would direct attention 
Ui a bronze knocker (4tJ0 in the catalogue), which forms a decora- 
tive composition of cornucopias and terminal figures, the latter 
jointly upholding a pedestal, on which (in the centre of the com- 
position) atauda an elegantly draped female figure; in the lower 
portion is an engle perched on a severed human head. It is of 
Florentine (?) workmanship, the period being about 1520. There 
is a historic curiosity in the life-sized bust of Henry VII., as- 
cribed to Pietro Torregiano. This bronze is apparently a contem- 
porary reproduction by Torregiano of the bust of the effigy from 
the tomb in Henry Vll.'s Cnapel at Westminster: ita height 
is 2 ft. 44 in. The Kev. Montague Taylor sends, among other 
things, a mask (403) of a marine <leity (Scylla ?), surrounded or 
t^orajwaed, in a decorative sense, with dolphins, &c. Portions 
are plated or damascened with silver, and the eye-balls are formed 
by rabies. This rare specimen of Grfeco-Roman work was found 
at Pompeii. It appears to have been originally an applique orna- 
nieut to a bronze vase. 



Furniture, considering the wide nnge it embracer, appears to 
be rather feebly represented, both as regards numbers and the 
circumscribed natnre of the designs; these being either for the 
most pai-t Beuaissancs, or depending for effect u|X)u surface and 
iolayiugs, usually of a highly florid description. Moreover, 
since no particular arrangement has been followed in their dasai- 
fioation, the diti'erent articles are deposited iu various parts of the 
rooms, whence it is not easy to obtain a just appreciatiou of their 
comparative merits; nor is the catalogue, iu this [larticular, of 
any signal service. Numerous large ebouy cabinet* will per- 
haps most attract the eye, and not undeservedly. Thus (802), 
the property of Mr. R. S. Uolford, may be taken as a fair type 
of the majority: ita dimensions are 7 ft. 3 in. in height, by ft. 
3 iu. in width, and it dates about the first half of the seventeenth 
century. The panels are elaborately car\ed with scriptural sub- 
jects in bas-relief, and, by way of contrast, other jiortions are in 
full relief, such as scroll ornaments, statuettes, &c Tliere is 
another kind of decoration observable in some of the cabinetsi, 
namely, by oil paintings in the panels. Of this kind the most 
notable specimen is (SOS), from the Peuahurst collection. The 
front is inlaid with twenty-one small paintings iu oil, by eminent 
Dutch masters (Berghem, Paul Brill, Polembcrg, and Bonaven- 
tura Peters). Two small highly-finished landscapes, with cattle 
and pastoral figures, by Berghem, are conspicuous in the lower 
part. These paintings are highly fiuishod, and as fresh as when 
firat produced. The date of this cabinet is the seventeenth cen- 
tury, and it has long been an heir-loom iu the Siilney family. 
Two kuee-})ole tables (BIl, 612) are quaintly constructed. These 
are similar in age and design (circa 170U), and are made of old 
red boule, with drawers oa the top, and mounted with ormolu 
and silver. (825 and 826) are the property of the Puke of Ha- 
milton: the former is a cabinet or secretaire in marquetery, 
mountwl in ormolu, the panel in the upper port oontaiua an ov&l 
medallion iu ormolu; subject, a trophy or group of doveis, a 
quiver of arrows, garland of flowers, &c.; the lower panels, in 
marquetery, are ornamented with elegant arabesques, wreaths 
of uatunil flowers, &c.; the signature of the artist, " Riesener (e., 
17H0," is visible in the right-hand lower corner. The latter is a 
small squai-e otagere or writing table, " en suite" with the pre- 
vious piece; the top inlaid with a trophy of books, natural 
flowers, u bow and arrows, quiver, &c., elaborately mounted iu 
ormolu, with hanging festoons of flowers, &c. These specimens, 
with a third " en suite," now at Hamilton Palace, were executeil 
for Queen Marie Antoinette; the marquetery, as indicated by 
the signature ou the cabinet, is the work of the celebrated 
" ebeuiste" Riesener; whilst the ormolu mounts ore believed to 
be by the equally famous " ciseleur" Goutiere. 

Her Majesty the Queen exhibits (^27) a circular-fronted secre- 
taire in marquetery, richly mounted in ormolu; at f.ich end is a 
beautiful branched caitdelabrum in gilt metal, and at the summit 
a pierced gallery. The maitiuetery decoration consists of elabo- 
rate trophies of natural flowery books, and various emblems; 
both marc)uetery and chasing are of the utmod<t possible excel- 
lence. This chef-d'oeuvre of French cabinet work is doubtless 
the work of Riesener, but of an earlier date than the preewliug 
specimens. Its height is 3 ft. 10 in., and its width 4 ft. 3 iu. 
Her Majesty also sends a pair of encoignures in maniuetery and 
ormolu, surmounted by Griotte marble sl.abs, very beautiful 
specimens of the work of Riesener (1), executed probably towards 
the end of I^ouis XV. or beginning of Louis XVI.'s reign. A 
third ooutribution, from the same source, is one of the well known 
attractions at Windsor Castle. This, too, is a cabinet, iu ma- 
hogany, richly mounted iu ormolu, supported on eight legg 
formed as quivers of arrows; at the summit an elaborate compo- 
sition iu ormolu, of scroll work, amoriui, &.c., flanking a shield of 
arms. This magnificent cabinet, a masterpiece of the celebrated 
French " ebeniste" and " ciaileur" Goutiere, was executed either 
for the Comle de Provence — afterwards Louis XVIIL, or the 
Comte d'Artois — Chai-les X, — circa 1770-80. Probably one of 
the most perfect and brilliant specimens of old Sevinsa inlaid 
furniture ever executed La the cabinet belonging to Mr. Mills, 
(835). It is mouuted in ormolu, and inlaid with four large oval 
plaques of Sevres porcelain, which have green margins. Its di- 
menaiouB are, height 3 ft, 11 in., width 2 ft 6 in. The two Urge 
panels in front are exquisitely painted with " corbeilles." of 
flowers. We must not omit reference however to the nuptial casket 
of old Japan hic, inlaid with mother-ofpeai-I, circular topped, 
which belonged to Margaret, Duchess of Norfolk, daughter and 
heir of Thomas, Lord Audley of Waldew, and who was the 



i>«c.i,iNa] 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



.171 



seoond wif« of Thoroaa ZIoward, 4th Duke of Norfolk, beheaded 
bj order of Uenry VIII., 1572. The date of ]icr marriage has 
oot been ascertained. Thia beautiful cotfer doubtless contained 
soDie of the most precious portions of her trou<«eau. The present 
fortunate possessor is Mr. FhUip H. Howard, of Corby. 

The " objects of ancient Iriah and Anglo-Saxon art," which 
eompoae Section 5, are very numerous; articles of dress, such as 
brooches, fibul», and aruileta, beiug especially frequent. Thus, 
iu Irish work (B55) a circular torque, or breast ornament of gold, 
is the largest known. It is formed of four flanges of metal 
united along their inner edges and then twisted; the ends solid, 
recurved so as to form hooks; one of these prolonged for 10^ 
inches in length iut.> a projecting bar. It w&s found (1810) at 
Tara, co. Westmeath, aud now belongs to the Koyal Irish 
Academy, (860) is a very curious relic, in the possession of the 
Collage of Columba; a portion of a bronze oruament, heart- 
shaped, and formed of a double volute, enamelled, aud iulaid 
witn vitreous mosaics; with three sockets for bosses, one 
retaining a portion of blue glass. The back is rudely lined 
with interlaced omamcni, in which cccut-s the emblem of the 
fish. It is of ancient C-eltic work, tenth or eleventh century 
Jo date, perhaps a portion of oriinmeiit from a shrine, and 
is fig;ured in the article on " Vitreous Art," by A. W. Franks, 
M.A., in the " Art Treasures of the United Kingdom." The 
" Tara" brooch (874) will also be csamined with interest. It is 
of white bronze, annular, the expanded portion occupying nearly 
half the diameter; the depressed parts overlaid with plaques of 
gold, to which is soldered gold interlaced filigree of great delicacy 
and elegance. Bosties and lines of brown amber and small poi^ 
tioDs of glass and lapis lazuli (?) are set in the projecting parts. 
To one side is attached a piece of silver chain similar in design to 
that made at Triuhinopoli; the wedge-shaped head of the pin is 
similarly ornamented with tiligree, &c. It is Irish work of the 
twelfth century; its diameter, 4 in., aud the length of pin, 9 in. 
(892) is a bronze fibula, formed of a central arched baud of metal, 
with expanded ends, overlaid with thin bronze of a somewhat 
different alloy ; the plaques covering the expanded ends are 
riretted on aud hammered up into a very peculiar scroll orna- 
ment; the covuring metal of the central arch is soldered tm and 
repousse in au inl-erUced bi-aide<l pattern. The back is minutely 
punctured i-ound the edges, and shows traces of silvering. The 
pin aud its fastening loop are complete. This remarkable fibula 
may probably be of very early date; it ceilaiidy seems of Irish 
work. It belongs, as do many of the most valuable in this 
department, to the Royal Irish Academy, Three pastoral staves 
(895, b9fi, Sy7) display some peculiarities in their debign as com- 
pared with those of English or more foreign work. The former 
of these is of yew, overlaid with bronze rivetted on, and iL-wiug 
the surface covered with interlaced ornament iu repou-sse. There 
are also indications of enrichments of bauds, and rows of studs 
which appear to have been of coral and of glass respectively. In 
the next, " the Clonraacnoise crosier," the staff is also overlaid 
with bronze; the curved head iulaid with silver, aud nielloed in 
an interlaced pattern; surmounted by a row of grotesque animals, 
carved in bronze, joined together; a portion of tlvese only teniains; 
the end of the crook has the figure of a bishop treading on a 
dragon; a projecting bund of oruamont below the head is formed 
of grotesque monsters with feet and tails interlaced, as isii-equeDt 
in ancient Iriah work, and set with studs of blue glass; a pro- 
jecting band of ornament, inlaid with sdver and nielloed, sur- 
rounds the centre, and another Ijand, with inserted plaques of 
iuterhiced ornaments, and with sockets fur studs of glass (?) sur- 
rounds the staff above the spike at its base. Iu the third staff 
the head is partly gilt, and set with bosses of glass or vitreous 
mosaic, and surmounted by a lacortine openwork ornament, 
terminating in a monster's head, with blue glass eyes. A pro- 
jection of ornameut surrounds the centre; the lower portion of 
the staff nielloed and inlaid with silver, as is also the ornament 
finishing. It appears from inscriptions on it, to have been made 
for Nial Mac Mic Deducain, Bishop of Lismore, who died 1112- 
1 1 13. Besides the oruamenta iu niello, there is a lavish use of 
dauiasoeuiug and enamels. It has been supposed that these 
Utter were fabricated by putting sundry small sticks of glass 
together iu a pattern, then heating theut aud drawing them out 
until they became much more slender. In this state the roll of 
glass was cut into slices, which was afterwards fluxed into the 
ipetal settings made to receive them. 

The Shrine of St. Manchan, or St. Mouaghan, is a coffer of yew, 
the sides slopbg together from the base upwards to a ateep roof- 



like ridge; raounte^l iu gilt brass or bronze; standing on four 
legs, from three of these project strong brass rings, 3 in. diameter, 
through which staves to nirry the shrine might have beeu 
passed; the fourth ring is wauting. On each of the sloping 
wooden sides is rivetted a bronze ornament in form of a Greek 
cross, 19^ in. by l&i in., with hollow hemispherical bosses at the 
ends of the limba, Sj in. diameter, engraved with interlaced 
patterns; a similar large boss iu the centre of each cross seems 
to have been ornamented with silver-gilt repousse plaques, one 
of which, showing a leaf ornament, remains. Bencatn the limbe 
of one of the sides of the crosses are rivetted ten bronze figures of 
saints, gradually diminishing in size from Gh in. to 5 in. The 
angles are bound with brass, supported by grotesque animal 
heads, with eyes formed of djirk enamel or glass, four of which, 
and fragments of others, remain. Along the base of the shrine 
the interspaces are filled with oblong pieces of enamel, 1^ iu. 
long by § in.; deep yellow and red in angular patterns; fonr 
pieces of similar enamel ornament the limbs of each of the crosses. 
The wood of the coffer is now uncoveied over all the remaining 
surface of each side. The triangular ends ai-e filled with brass 
plaques, chiseled with interlaced lacertine patterns in relief; 
framed in an edging I in. wide of engraved brnas. This very re- 
markable monument of ancient Iriah art appears to belong to 
the aame perio<l, aud perhaps to the same workshop, as the 
" Cross of Cong," now in the Museum of the Royal Irish Aca- 
demy, aud of wliich full-sized coloured drawings are exhibited 
near the shrine; it was in all probability made iu the beginning 
of the twelith centuiy. The remaining specimens of Irish work 
consist of a reliquary, in the form of a hand and fore-arm (896); 
two "shrines," of the Gospels and Psalter respectively; "the 
Dunvegan cup," a cup or "mether" of yew, quaintly devised as 
to its pattern, and having an inscription in black letter round 
ita rim; and within, on each side, the sacred monogram I H S; 
and a "drinking; Imrn," called the horn of Hory More, which is 
apparently old Irish work of the ninth or tenth century, and is 
mounted w^ith a rim of silver 2 in. deep, engraved with inter- 
laced patterns, and with airclca filled up by grotesque monsters. 

The metal-work of the Anglo-Saxon jieriocl,as here illustrated, 
is very similar to the Irish, just described, the majority of tha 
specimens being contributed by the Ashmolean Museum. Of 
these, (!)U7) is a circular brooch of bronze, overlaid with silver at 
the back; the front has been elaborately ornamented with gold 
filigree and garnets (?); the pattern is formed by a circle of orna- 
ment round a central boss, united by the limbs of a Greek cross 
to another circle of ornament at the circumference. The inter- 
stices occupied by plates of gold enriched with entwined filigree, 
and with bosses that appear to have been set with freshwater 
]>earl» or pearl matrix, the surface of which bns decayed, tha 
body remaining, but considerably altered iu texture; the re- 
mainder of the brooch is covered with a diaper forming sockets 
for small pieces of garnet (?), the edge is grooved and gilt. It 
was found at Abingtou: the diameter is 3 in. Another brooch 
of Anglo-Saxon work, from the same collection, is of bronze 
silvered; the face nielloed and gilt, and ornamented with inter- 
laced pattcru ia repousse, set with four pieces of garnet (?) over 
foil, and with four sockets for white enamel, portions of which 
remain; the centre ornament is wauling. (916) is an extraordi- 
nary rolic, lent by the Warwick Museum, and may be described 
as a crystal of quartz, flattened, somewhat pentagonal, and per- 
forated in the centre, the girdle or circumfei-«uce shaped into tea 
triangular facets, the angles now muclt worn. This crystaJ, 
which resembles a smaller one in the Museum of the Society of 
Antiquaries, might have been conjectured to have formed a por- 
tion of the decoration of a cross, shrine, or other object of eoclesd- 
astical use; but it was found in association with an Anglo-Saxon 
fibula; it may therefore have been worn as an amulet suspendetl 
from the acus of the fibula, as a]>pears occasionally to have been 
the case with similar objects. The last in this class to be especi- 
ally noticed, is a circular bowl uf thin reddish yellow bronze, 
hammered up, with a circultu- elevatiou or boss iu tho l>ase, 
and a flat fuld of metal with a deep groove round tJie edge, 
probably to hold a metal band or other means of suspenaion; uie 
surface oveFlaid with applique ornaments made of thin plates of 
bronze, tinned or silvered, arranged in four divisions, each sepa- 
rated by a narrow band, and finished by a circular ornament, to 
which are attached on each tide an axe-shaped piece. The in- 
tervals are occupied by rude representations of deer, of cocks 
fighting, of other birds, and of fishes (?). The surfaces of all 
these applied ornaments have been grooved iu narrow liuea 
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with various p&tterns, »orae intorlaced, apparently to receive 
enamel, a few traces of which, of an orange-reil colour, seem to 
remain. The four circular plates of omatuent exhibit the triple 
character of pattern frequent on early Celtic work. Beneath the 
bowl, in a circular hollow produced by the hammering up of the 
boss before alluded to, have been pieces of similar applied 
and engraved ornament, two of which remain. It is probably 
of early Saxon work, and was found near LaUingstoue Castle, 
£ent 

(To be continued.) 



THE RECENT GUNNERY EXPERIMENTS AT 
SHOEBURYNESS. 

Wb ^ve elsewhere* a paper read by Mr. Aston at the meeting 
of the British Association, at Cambridge, on the Whitworlh guns 
and projectileo, and tiieir capabilities for attacking armour-plateii 
defences. The experiments at Shoeburyness, on the 13th and 
14th of bst month, have fully borne out Mr. Aston's statements 
regarding the powers of the penetration shells, and thus fairly 
established the superiority of attack over defence. 

The target prepared for the occasion was a box-target, the front 
of which resembled in some respects the original " Warrior" target, 
but exceeded it in strength, two out of the three iron plates which 
eoverod it V>eing ;"> inches thick, while the remaining one (one of 
the old " Warrior" plates) was 4j inches. The backing was 
18 inches of teak &s before, and the inner skin of § inch iron. 
The whole of the iron was of excellent quality. Against this 
target tlie Whitworth 120-pouDder was laid at a range of 
800 yards. Two shells, eacli weighing 150 lb. including a burst- 
ing charge of 5 lb. of powder, were fired in succession, with 25 lb. 
gnn charges. The (irst struck the centre plate of the target 
(.') inches thick), and penetrated it, i-xploding in the backing. The 
teak was torn into alireds, and the inner akin burst open. Some 
fragments of the shell went through into the box representing 
the ship's deck. Tlie second shell struck the top plate (44 inches 
thick), and fwnelrated and exploiled as ihe first, but the explosion 
occurred wlien deeper in the backing, and with more destructive 
results. Splinters from the shell and plate were scattered with 
violence inside the box, and the teak backing was ignited. The 
velocity of impact was 1 2120 feet f>er second. 

A 130 lb. sliell, with a bursting charge of 3J lb. and a gun 
charge of 27 lb., struck the target with a velocity of 1280 feet per 
lecnnd. It penetrated a 5-inch plate, and burst either deep in the 
backing, or else when right through; the hole in the inner skin 
being twice the diatiieter of the shell, of which tho b.nse as well 
as splinters, with fragments of the outer plate, the wood, and the 
inner skin, were found within the box. 

The material of the shell was in each case homogeneous iron, 
such as is employed for all the Whitworth penetration projectiles. 
To show the inferiority of cast-iron when employed against armour 
plates, a solid 130 lb. projectile of tliis material w.-is fired with a 
charge of 27 lb., striking the target witii a velocity of l2f5<J feet 
per second. Although a lower velocity had sufficed for pene- 
tration ill the previous cases, the cast-iron projectile faile<l to 
pierce the plate, and broke to pieces. 

A -solid 130 lb. projectile of homogeneous metal, fired with a 
charge of 25 lb., struck the target on one of the 6-inoh plates with 
a velocity of 1240 feet per second. The penetration through the 
plate, backing, and inner skin, was complete. The hoail and 
fore part of the shot was found inside the box, the rear part 
having been torn away in the passage through. 

The Whitwortli 70 pounder (so successful in its last practice 
Against the plated target at 200 yards) was now laid against this 
more forraiilable target, at a range of 600 yards, with a gun 
charge of 13 lb.: the 70 lb. shell struck the 4* in. plate at 1 160 fL 
per second, and penetrated, but does not appear to have reachetl 
any depth in the backing when it burst. The shells which 
struck the rj-inch plated portion of the target failed to penetrate. 
For the 70 lb. shell, a considerably higher velocity of inifiact ia 
apparently necessary to secure equal peaetratioa with the 13U lb. 
projectiles. 

Dnring the second d.ay's experiments a result was obtained 
conclusively showing that the flat-fronted projectile will not 
glatice off the aide of a plated ^vessel, even when the impact is 



very oblique. Tho Whitworth 12-pounder sent two shells of 
homogeneous metal through a target of 2^-iach iron plate, inclin- 
ing backwards at an angle of forty-five degrees. Tho range was 
one hundred yards, and the gun charge 1^ lb. 

It will be observed that the shell, being made to the full as 
heavy as the solid projectiles of tho same calibre, strike with the 
same velocity of impact, and posseai, as blind projectiles, a power 
of penetration little, if at at all, inferior. The depth of penetra- 
tion before explosion takes place depends partly on the velocity of 
impact (regulated by the gun charge) and partly by the thickness 
of the flannel case in which the bursting charge is enveloped. 
The breach seems usually to be clean cut on the outer face of the 
armour plate, torn on the inner face, shattered in the teak, and 
smashed or jagge<j in the inner skin. It may be added that tho 
flat-fronted projectile ia capable of piercing a ship's bull, o'* 
damaging the rudder or screw at some depth below the water 
line. 



ON THE VOLUNTARY ARCHITECTUBAL 

EXAMINATIONS.* 

By Arthur Ashfitkl. 

Amono those institutions which have gradually developed 
themselves during a few past years, and which seem likely to 
exercise a great and lasting effect on the future, the establish- 
ment of professional examinations is certainly not the least. In 
all countries the pursuit of the libend arts and sciences has hail 
the most beneficial influence on civilised life; and anything that 
may tend to elevate the character of professional men in the eyes 
of the world, and to give them a better status among their fellows, 
must conduce to promote a higher and more intellectual tone to 
society at large. Having taken a deep interest in the question, 
and having been one of those who were intrusted by the Institute 
to take prelimiuary steps to endeavour to insure to our own the 
beneflts which we believe other professions have teoeived, I 
venture to trouble you with a few remarks that have suggested 
themselves in the course of our inquiries; although, to treat of so 
important a subject as this in the manner it would deserve, 
would require a longer time and greater ability than I have to 
devote to it. 

" For many years, as you are all aware, an inquiry into the 
mental training and amount of information any one might 
possess, was confined to those about to enter the church or the 
medical profession. The important functions of both seem^ 
obviously to rl(?nvand that there ahould be a searching examina- 
tion as to the competency of any caodidates before undertaking 
their respoasibilttio.?; but it w.a3 not so with other professions. 
The lawyers however were the first to establish a change. For- 
merly, they who had managed to get "articled," as it was called, 
and had a hundred pounds to pay to the stamp office, were ad- 
lultteil to practice as attorneys or solicitors without inqairy. 
The coDisequeuce was, many men endued with some cunning and 
very little legal knowjetlge, crept into the profession; and, what 
was worse, the pretended practice of the law was frequently a 
mere cloak for money-lending and all sorts of disreputable em- 
ployments. Feeling tliia very strongly, the chief respectable 
solicitors united together in forming an institution to inaulrs 
into the fitne.HS, both in point of a liberal as well as of I^al 
education, of tho several candidates before they were permitted 
to enter on the practice of the law. It is scarce twenty years 
since this institution came into active use; and since that time, 
I h.ave been informed by old members of the profession, its 
character, as a body, has been raised to a degree beyond their 
most sanguine expectations. The cunning, vulgar, ignorant, 
pettifogging attorney, so frequent a chnraeter in the old novels 
and comedies, is almost extinct; and in their place we have, with 
very few exceptions, able and wel!-educated gentlemen, — men of 
whom society ia proud, instead of ashamed. 

The next movement to insure a proper education and compe- 
tent ability among their members was made by the chemists. 
Here, as in our own body, any man might assume the title, and 
enter into practice at his mere will. The lawyers bad alwavs 
the semblance of an education, though it often consisted of the 
mere farce of "giving articles," but any man might write op 
" chemist," and compound tho most complex medicines, or sell the 
strongest poisons, without question or challenge. So many evil* 

* Bead at the An^teetnnl AModBtUm. 
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aroee out of this B3rsteD», tbnt the reapecUible chemists in a body 
•pplied to the legislature tor powers aiialaffous to thoee already 
^vea to the lawyers. They however were met by a loxid oppo- 
siCioQ, and it was asked what a elinnist waa, and where hia func- 
tiona began and those of the drug-dealer cudeil; and it was said 
it would Ije sailly interfering with the liberty of the subject if a 
maa might n<»t aell au ounce of aalte, or a peony worth of rhubarb, 
without au exaTnination. It wou also 8ta.teil thit, io couutry 
places in particular, the were practice of scientific chemistry was 
but a very smuU part of a inan's business; and just aa many a 
KtJe country builder calls himself "architect and surveyor," 
they demanded the right to assume at their owu will the title of 
tihemist. The respeoUtbie men replied, this might be true, but 
they hftd no right at any rate to psum themselves off on the public 
aa tcientific chemi^ita, if they were not so; and at last the legisla- 
ture gave them powers of incorporation, and of examining candi- 
dates oa to their competency, and the sole right to use the title 
of " pharmaceutical chemist," aa a distinctive mark of a proper 
scientific education. Something of this kiud has been projh.sed 
with rvgard to the archilects, aiid, with certain moditicatious, 
might perhaps b« maile to work well; but as the general wiali 
seems at present to be to leave everything possible to voluntary 
action, and in no way to fetter thn profession, I think it well to 
pass by all each questions for srnue future time. It seems to be wise 
ito do nothing further till the resulia of our proposed experiments 
•hall have full and fair opportunities to develop themselves. 

The greateat step however to establish au eulargetl Bv.Htem of 
examination took place in consequence of the Crimean war. The 
hardships and sutieriuga arising from the blundei-a and incompe- 
tencies which were charged against the Uotremment otlicials — 
although these may have been exaggerate*!, .and althongh too 
little allowance may have been made for the change from near 
fotty years' peace to a sudden and tremendous war — still the 
attention of the public waa forcibly called to the necessity of 
some change. Unr public service was stigmatised as .1 circum- 
locution rilHce; red tape became a popular bye-word; and it was 
stat^i] ag.'iin and again that political influence, and that alone, 
Was the qiiiditiaition asked for in all our (Government odiceji. It 
la beside our purpose to inquire as to the correctness of these 
oharges; it is snlKcient to say that the comprehensive scheme of 
an exHmin.ttii>n into the qualifications of every candidate for 
Government service, whether civil or otherwise, was immediate!}- 
eslablishod. It has now exifiteij seven yeai-s; and 1 am iid'urmed, 
on the authority of the most competent judges, that the improve- 
munta iu every branch have been greater than waa ever aiitici- 
|mte<l. Since this the system has been extended in every direc- 
tion, and almost to every intellectual pnrsnit. 

Of oourxe, there has been n very great opposition to these 
changes, tlie cliief of which have been summed up in the third 
R'.'P<irt of the Commissioners of the Civil Service. One waa t!ie 
very old and liackneyed objection to all sort of advancement, that 
tlie course intended to be pursued %vould "make men above their 
business." Now, this is certuiuly an ar^Miment of some force aa 
to charitable eiliicitiuu, where the ultimate business of those 
taught will be In dig or to plough, and no more; but in Govern- 
ment employ, and especially where the men were stated to be 
much below the level of their evcry-dny business, it waa Burely a 

tioor argument to say " do not raise them at all." In our owu case 
lowever, this notion would plainly be worthless, moat of our be*t 
architects having been the best educated men of their day, and 
our profession certainly inferior to no art, as it mingles at once 
the prftclicfd, the scientific, and the beautiful. 

The arguments then took rather the form of opposition to ex- 
aminatiou of individuals as a special matter, than to that of 
e<iucation in the abstmct; and three principal objections were 
raised: — Fin<t, that examinations in general became too scho- 
lastic; that they involved, necessarily, a system of reading, a 
routine of class books, and, in common phrase, induced a system 
of " cnmnjtng." The second was, that the result of examination 
proved but little aa to the real solid knowledge a candidate 
Tuigbt possess, iurtsmuch as it might so happen the questions 
b«ore faim were such aa he might chance to have picked up, 
while very ignorant of all the other branches of the subject. 
The third, and, as regarded the civil service, perhaps really the 
most valid, was that uo examinotioa would develope or prove 
that the awudidate i>osBesse<l the best and chiefest qualificntioua 
of all, namely — integrity, industry, activity, foresight, presence 
of mind, and a number of other qualities of similar ciiaracter 
of the highest importance in confidential positions. 



The first objection had ranch weight in the case of the civil 
service, but I should hope in ours it must fall to the ground, 
I would ask any one to look at the sketch form of volnntary ex- 
amination, just circulated, and say whether it is not of such wide 
aud comprehensive character, and so thoroughly practical in its 
essential detail?, that no amount of mere book work, no amount 
of " cram," would saliafy tlie examiners that the candidate liad a 
riglit to a place in the class of proficiency aa au architect. 

To the second objection I hope there is quite as good au an- 
swer. Let enough questions be given, more in number than you 
expect or require any candidate to have time to answer, — but, of 
course, let this be well understood, else he will feel deterred 
by the length aud weight of the paper; give opportunity for 
selection, and let it be Icnowu the examiners do not wish the 
greateat possible quantity of work to be hurried through; — a few 
questions thoroughly well answered will weigh more with the judi- 
cious than five times as much of slovenly work. On this point I 
shall venture to'cularge, with your pcrmis.sion, a little further on. 

The third point urged against tlie civil service, — that exami- 
nations will prove nothing as to integrity or other moral quali- 
ties of ciodidates, — lioes nut, of course, apply iu this case; but it 
miglit very well be put in another form, and men might say no 
examination will give genius, fancy, invention, or artistic talent. 
This in the abstract is granted; the mena rfinViwris certainly 
a gift; but, constituted as we propose our examination to be, if it 
does not give men elegant faculties, it most cleiu-ly will alford 
means of developing them aud exhibiting them to the world. W| 
do not propose to teach you to draw, to carve, to design, to de 
vise, but we do propose to give you an opfwrtunity of showing 
what you have done, aud can do in all the more elegant branches 
of our art. It is hopeil the various powers of all minds may be 
developed iu all their gradations, whether purely artistic, whe- 
ther strictly utilitwan, or whether of that happy mixture of 
both that is really the tjlory of our profession; and not only so, 
but tliat it will elicit the fruits of the wise watchfulness which 
you may have exercised during your novitiate; an»l, what is 
much the same, the care you have taken to store up in your 
minds all that may be valuable in your future career. We 
hope, whatever your speciality of talent may be, to offer you a 
wide, a fair field for its exertion and display. 

Aud here it may be convenient to consider in what way our 
proposed examination may difi'er from others. In the first place, 
it is not like a collegiate examination — the great termination of 
a long series of studie*, the harvest of seed sown some time 
back, and long and carefully cultivated. It is not an honoured 
end and rest from labours; neillier is it the entrance into life, 
like that of the lawyer, or medical man, — theopeneil gate through 
which he is to pass, and then to encounter hia first struggles in 
the world. In the language of the schoolmen, it is neither a 
terminua ud qtient, nor a tervtinut a quo. It is not an individual 
struggle for \'ictory — the battle for the olive crown; nor such 
a struggle as those are for scholarships or high a}))Jointments, 
where there can be but one, or very few inctoi-s, and where the 
unsnocessful feel iu the position of the vanquished. It may 
rather be likened to those military' displays, where, after long 
training and active practice, the younger members march out 
cnubdeutly, hoping to prove they are soldiers of such proficiency 
aa to be fit to act with veterans in the field, aud trusting in timo 
of need to be equiJ to do their duty ably to their country. 

A very able writer in one of our professional journals has like 
wise shown the difference between the system of rewards noi 
generally offered to students, such aa the Soane medallion, oranr j 
other similar mark of distinction, and the present proposed j 
system. These rewards have been of three sorts — for the best 
essay, the best design, and the best measured drawing from an 
existing building. I will leave out of the question any chance of 
improper assistance when work is done at home, nor will I touch 
on the help obtained from books, or hints from friends; but it 
must be obvious to all, as the writer says, that the best drawings 
may not be the production of the best draughtsman, but of him 
who has the most leisure to bestow on theii- production; and] 
that the excellence uf measured drawings depend also, not only 1 
on leisure, but in the money there mav be to pay for assistanoe, 
scaffolding, travelling expenses, and a host of other things wliiob 
attach themselves to such undertakings. 

It has been said, the reason why the English make such excel- 
lent medical men is, they begin practically; they " walk the 
hospitals," OS it is called, on their first entrance into the profea- 
sioQ] they act as dressers, is subordinate practical capacities; aud < 
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receive the inBtructiou of tte lower, before they attend the lec- 
tnres of the higher professors. Abrond, the scholastic education 
comes firat, and many n tuau v?hr> has con9i<lerable theore- 
tical nifidicnl knowledge would be quite nt a loss by the bed- 
side ot the sick, while the man nccustrmied to practice from early 
life sees the state of things at a glaoce, and acts promptly and 
siicoeaafully. There is no doubt the active daily duties of the 
othce are indispensable to the yonng architect, and it is iu theiu, 
if he keeps his attention properly on his work, that he will find 
lie has uiiconscionsly gathered material to master the most im- 
{wrtaiit part of the examination we propose to offer. But it is 
equally true that these very circumstances operate against his 
chances of obtaining the diatincliou of medals, and other similar 
rewards, and it is very probable, as has been suggested by the 
writer above quoted, that this is the true reason why such rewards 
are so little sought, and of couise oi'len so little valued. 

We all know how often it happens that risiug men wish to 
enter the offices of their seniors, with the hope to work their way 
up to independent practice. Of hnw little use is the produc- 
tion of a medal, or a portfolio containing designs for some un- 
likely or |>erhapa impossible marine hotel, or gigantic cathedral. 
Of how little value in the eyes of the man of business is the meilal 
for the essay, which, in general, is simply a well expressed 
account of something other men have executed. It may be 
valuable in its way, as every literary tetitamen is; but it may 
have taken months to write, and of what value is it in the 
active practice of the profession I Let us however ask, which 
would be the l>etter te.stimonial — the exhibition of any such 
solitary mark of distinction, however respectable, or the ])ro- 
ductiou of a set of full, fair, and comprehensive papers on every 
branch of the art, such as it is hoped will be laid before you, 
and the simple assurance that you have been fairly tried and 
found to be proficient therein, and that wholly unassisted and 
on the spur of the instant / 

And now it may be asked, wLnt sbnald an examination he? It 
should hefiiU, that is to say, such a one as bIiuII be amply sulii- 
oient to show the proper status of the candidate. Any examina- 
lioa which may be too easy degenerates into a grave farce. No 
one would care for such a distinction as any idle or weak-minded 
creature might attain. No: the examination should be such that 
in after life the successful candidate should be able to refer bick 
to his paper of questions with pleasure, and exhibit them as such 
as ill his d."»ys it was his pride to answer. But here comes llie 
dilficQlty, the questions must not only he full, hnX, fair; they must 
be pwper and iwrlinent. Nothing is easier than to set questions 
that scarce anyoue can answer. Nothing is e.isier, with a little 
perverted ingenuity, than to set questions of no great difficulty 
perhaps in themselves, but worded so as t«) mislead or puzzle a 
caiiilidate. In competitive examinations, or those wherein a 
certain prize is to be confeiTetl on the best man, and on one alone, 
it is not unusual forex.iminers, by way of shortening their work, 
to set what are called "catch queHtions;" but nothing can be 
ninri' unfair or imjn-oper in an examination like this which is pro- 
IKiaetl. It is a ay.iieiu of finding out the weak points, inste.id of 
tleveloping the strong — of hunting nut faults instead of exhibiting 
excellencies — and, as a matter of course, depressing the general 
IxkIt of the rising men, instead of encouraging it. 

These considerations led us to atiother and very imiwrtant 
point — th.nt no examinations should be rio« voce, but every answer 
should be put on paper. It also let! to the .■\doption of what to 
some may appear a complex system of numbers and changes by 
the moderators, which is by no means so difficult as at first sight 
apiiears, but which insui-e^ the jiidgmeut of all answers by their 
uRTiti alone, as the examiners have no chance of knowing in any 
way the name of the person on whose papers they are about to 
pronounce an opinion. It is the matter alone, and not the indi- 
vidual, that is judgefl, and iu this respect at least the utmost fair- 
nrs« is in all human prohaKility insure*!. 

The syslem of r.ivu roee <;xamination is abandoned now by 
.^ihnost all lenrnc(J liodies. Many examiners, however, cling to it, 
as it shorteus their Labours so much ; they consider they see in so 
Utile A time who are the compoteni men, and who are not; but 
they do not allow for that modest timidity many men can never 
divest themselves of, and they often attribute hesiUitiou not to 
diHidence, but to ignorance; while, on tlie other hand, men who 
possess but a smattering of knowledge, and have readiness and 
ansurance, will blunder through when f;ir better men will fail. 
There is also this complaint on tlii» part of those who not able to 
satisfy the examinera, anil that is always a charge of unfair ques- 
tions, of bullying, of misleading, of bixiwbc&tiug, of wisbiug to 



reject a candidate to the advantage of some favourite; iu short, 
it is impossible to find any one who has been rejected under » 
v'wd voce examin.itiou who does not attribute his being" pi uckeil " 
to the bad feeling and unfair conduct of the exHrniuerfc, rather 
th.in to his own deticienoies ; and ihi.s not from a desire to pervert 
the truth, but simply from the pain and coufuwiou which the 
cjiudidate naturally cet^ into when on the point of what is called 
" breaking down,"' We hope we have reported such a courae to 
the Institute that there can be no question that the proposed 
examinations shall be fair, — unquestionaiily fair in all re9n«ct3. 

I would now venture to call your attention to the form of 
examination itaclf. The first remark that we have heard is, that 
it is too difficult — in University language, " too stiff a paper."* 
This h;is been intentionally done, as the object is to show the 
standard we hope the rising men of the profession may come to 
iu a few years' time, and not that at which we shidJ begin. And 
we think we have a good reason for this. Examinations are all 
contests for which the mind must be tiivined. It is much the 
same as with bodily contests. The fleetest foot that ever ran on 
the Olympic stadium, if out of practice, would! be easily l)eat«n 
by a slower runner; the strongest wrestler in the palaestra, if out 
of training, would easily be thrown by a weaker man iu full 
pmctice. Knowledge, especially such as ia of the most value to 
the architect, is of slow growth, and comes as much from obser- 
vation as from reading, Now, it is clear the study and ex|>erieuce 
of three years must be infinitfly greater than those of one year 
only. "W^e thought it w-onld be equ:d justiu-e therefore to tliose 
who come up at even less than a year's notice, to set the standard 
lower than we think ought to hie done three yeai-s' hence ; and 
we believe that those who pass now will in future be considered 
to be on an equality with those who have answered DiQch tuore 
didicult questions at that period. 

Another objection has been that the questions are too numerous 
to bo an8were<l in the time allotted. This has been purfjosely 
done for the reasons above stated, that the chance of failing on 
those points to which alone the candidate has not happened to 
have given his attention, is so les.seued that it win hardly be taken 
into account. Of course the examiners will carefully ccinsider 
how many questions ought fairly to lie answered, and if, say oue- 
half is the number, the marks should be so allotted that one-half 
should enable the candidate to get his full complement of marks. 

(.Questions have also been asked as to the class of reading to li« 
recommended. This must be left very much to the tone of each 
candidate's own mind. It has been thought better, especially in 
8c short a time, not to limit the range to certain books, a course 
which so often leads to a system of cramming. But there is one 
point 1 would venture to remark on : it is a common error for 
candidates, when the examination draws near, to confine their 
attention to the more advanced branches of the various subjects, 
!»ud thereby probably fimling themselves deficient in the ground- 
work. Now, twcry examiner njiturally looks to see whether a 
good foundation has been laid, and considers work based on sound 
i;ilementary principles of much more value than moie showy and 
attractive matter, which may be got up by cramming, and is 
easily forgotten. I would therefore reconiraend, that shortly 
before the examination every candidate should go carefully 
through the elements of any branch of science, and see thst 
they are properly ranged in his mind. This course will afford a 
coufidence and facility in examination no other method will give. 

Thf re ia no disguising one fart. The geueral tone of society has 
been much raised within less than half a century, and has become 
more refined and more iut«llectual. That which is now considered 
on all hands to be so indispensable to every gentleman, .nod 
irenerally designated " the education of a geutleniuii," would have 
been called " pedantic stuff," It w.as gentlemanly then to drink 
three bottles of strong wine after dinner, or to call out your best 
friend for a hasty word, audjshoot him dead the next morning. In 
their softer moods, the gentlemen of George the Fourth's day 
devised patterns for waistcoats, cut collars for coats, and inventeil 
marvellous curls for the hair and whiskers; while every leisure 
hour of both ladies and gentlemen was devoted to cards or wone 
forms of gambling. Things have changed very much since that 
lime; and yet gentler manners, and more intellectual pucRnitu, 
have not brought with iheni luxury or effeminacy. Although fai' 
more temperate in living, and more simple and natui'al in divis, 
nothing of true British spirit has decayed. They who rode at 
Balaclava, or who crushed out the horrible Indian mutiny, were 
as heroic men as any age could boast of: and under our own 
immediate notice is now as noble and patriotic a movement as 
ever was at Sparta or Athens. Iu a quiet and unostentatious wnv 
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men have joined together heart and liand for the defence of their 
own heitrtlia and altars, and have spontaneously taken on them- 
selves tho fatigue and toila of miliary life, in such a manner as 
to convince the world the spirit of tlte British nation ia as great 
sod as tnauly as ever. 

Bat there Is alao no disguising the fact that, ia spite of the 
exertions of the various architectural bodies, the professors of that 
acieace do not seem to be recognised in society as they ought to 
be. At any rate, the word architect is not the password here 
it is abroad. Why ihia um_\ be we will not stop to inquire; nor 
will we repine if it be so. One thing weare quite sure of, if the 
whole body assume and deserve & higher status in society, they 
certvnly will 6nii ihcm&elves in an advanced position ere long. 

This is one of the great advantages the system of exaniinatioo 
offers. It nut only must be valuable in a professional jKtint of 
view, but it niuat be of the ^eate-it use in showing to other pro- 
fesaioDs and to the world in general, tli.it the architect has 
received the education of a geullemau. Let every rising man 
then who has the love for his art, and respect for his profession, 
assist in our endeavours to elevate both in the eyes of the public, 
A standartl is offered by which you may judge your powers. 
Without some trial or some means of comparison, who is to judge 
their own stature ? If at present you fall short of such height it 
is no more blame to you than if you are >>ut five feet ten instead of 
six feet; but there is this differeuce, although after a certain time 
the bodily stature will not increase by proper cultivation, that of 
the n»ind always will do bo, and it must be very hard if he who 
falls short of the standard, afuir having had only a few month's 
Dotice, will not reach it after the expenence of another full 
twelve months has been added to it. 

And DOW we shouhl be ungrateful to the members of the 
Architectural Association if we did not acknowledge their sup- 
port in this attempt. On them will full a great share of the 
labour, — on them will devolve the task of showing, as a body, the 
rising architects are m<?n wbudo not shrink fmm that uieninl toil, 
th.tt iuttilleclual training and tuition, that all other professions 
HOdergo. They have given (it may, as it ought to, have been) a 
oautiauB support, but still it has been most genuine and unselfish. 
The fruit ^if all our labours, if fruit there be, must be expected to 
flbow itself slowly; hut it is my earnest hope that I may be spared 
to see it, and on some future occasions withiu these walla to talk 
over the old tales, to narrate our former labours, and to congra- 
tulate the members on the success of the united efforts of the 
Institute and of the Architectural Associatiou. 



INSTITUTION OF CIVIL ENGINEERS. 
Jom.' R, M'Cleas, Esy., Vice-President, in the Chair. 

November 11, 1802. — Before commencing the business of the 
evening, on this the first meeting of the Session, and in the 
absence of the President, the chairman said it was his duty to 
notice the loss the institution had sustaiued by the death, during 
the recess, of two of its most eminent members, Mr. John Kd- 
w.trd ErringtoB, Vice-President, and Mr. James Walker, Past 
President, 

For upwards of thirty years, and indeed ever since the intro- 
duction of the railway system, Mr. Errington occupied a promi- 
nent position as an engineer, and, in conjunction with Mr. Locke, 
executed some of the principal railw.iy works in Great Britain. 
He was, like his partner, Mr, Locke, a strong a<JvoKite for 
economy ia the first cost of construction. By his death the pro- 
fession had lost one of its most dtstingui.'^hed members, the In- 
atitation one of its warmest supporters, and many of us a sincere 
friend, and one ever ready to afford advice, especially to his nu- 
merous pupils and iissistantn, whose interests it was his constant 
endeavour to advance. As many of his pupils were actively 
engaged in the practice of the profession, and had, through his 
influence, been enabled already to take good positions, the 
chairman expressed the hope that they would feel it a duly, no 
less than a pleasure, incumbent upon them, to communicate plans 
and descriptions of the works of their eminent masters, and so 
keep alive the memory of " Locke and Errington " in the Institu- 
tion of Civil Engineers. Mr. Errington had proved his attaoh- 
roeut to the Institution, and his desire to see it prosper, by 
bequeathing to it the sum of ;£100U, free of legacy duty, and 
without attaching any condition whatever to the gift. 

Mr. Walker Wiis one of the oldest members of the profession, 
having been in active practice as an engineer for upw.<irds of 
sixty years. He was also one of the earliest members of the 
InBtjtutiou, having joined it in the year 1823, and, after the 



death of Mr. Telford, became its President. For a period of 
eleven years, during which he so ably conducted its pro- 
ceedings in that capsicity, he whs most devoted to its interests, 
and to his zeiU and energy must be greatly attributed the 
emiuent positiou it held on his retiring from the chair in 
1S45. Mr. Walker's name was uascciated with many of the 
grtatest hydraulic works ia England aud Scotland, including 
lighthouses, harbours, bridges, embankments, and drainage. 
His opinion was much valued by the Elder Brethren of the 
Trinity House, by the Lords of the Admiralty, and by the 
Corporation of the City of of London, and it must not be for* 
gotten, especially at the present moment, that twenty years ago 
he laid down lines for embanking each side of the river Thames, 
which have never been improved. As the chairman had had the 
privilege of being in Mr. Walker'semployment for many years prior 
to IS44, he had an opportunity of knowing his worth, and must 
express hjs gratitude for many acts ot kindneea, aud state that it 
w:i3 Mr. Walker's constant endeavour to promote the interests of 
himself and others. Many members of the profession hud also 
been trained iu the same schools, including Burge^i, Bidder, 
H.T.wkshaw, Borthwick, aud Hartley, During his long and 
useful career lie had secured the admiration and respect of 
numerous influeutiid friends, as well as the regard of his profes- 
eioival brethren. 

The chairman had much gratification in announcing that Mr. 
Walker having left at Mr. Burgcs' disposal the twenty -five 
remaining copies of Telford's 'Life and Works,' as well as tlie 
copyriglit and the copper-plates, Mr. Burges had, in the most 
handsome aud liberal manner, prusented them to the Institution. 



The Paper rend was on " The Railioay Syttem of Germany," 
by Mr. Robkrt Crawford, Assoc. Inst. C.E. 

It was stAted that in Germany, as iu England, tramways had 
formed the germ from which subsequent eu'erprise develope«l the 
vast network of milways now extending throughout the length 
and breadth of the land. The oldest of these undertakings 
originated in a fifty years' " privilege," granted by the Austrian 
Government, upon the 7th September, 1824, for the constrnctiou 
of a line from Budweiss, in Bohemia, to opposite liinz, on the 
Danube — a distance of upwards of SO English miles. Subse- 
quently, a concession was obtained for a line from Linz to 
<imfJndeu, 42j miles. The cost of the Budweiss, Linz, and 
Gmundeu line was about £4877 jjer mile. The gauge was 3 feet 
7i inches, aud it was worked by horses until 1854, when fimall 
locomotive engines were emplo)ed, first upon a portion of the 
line, and in the following year u{>on the entire length. 

A proposal to adopt steam as a motive power, instead of hoi*se- 
labour, wns carried intoefTect for the first time in Germany in the 
cise of a railway, 4 miles in length, from Nuremberg to Fiirth, 
which was opened for public tratBc on the 7th Deceml>er, lt>36. 
Thus Germany, possessing at the close of the year 1835 upwards 
of 108 miles of tramways, had up to the same time only 4 miles 
of railway properly »i called. In the five following yeara, rail- 
ways were introduced into all parts of the country, so that at the 
close of 1840 there were twelve railways, either wholly or in pjirt 
finished, with a total length o|>ened of 377 miles. In the next 
ten years this had been increased to 4467 miles; by the close of 
1800 to 8512 miles, and at the end of 1^61, a. total of 3866 miles 
had been constructed at an average cost of £16,400 per mile. 
Nearly one-fourth of the entire length was provided with double 
lines of rails. About 38 per cent, of the existing lines was Go- 
vernment property, lOj per cent, the property of companies, but 
worked by Governments, and 51j per cent, the property of, and 
worked by private or joint stoek companies. Further, it 
appeared that 39^ per cent, of the entire length was constructeil 
by the different states, 24j by companies under a guarantee of 
iiitere.st, or a Government subvention, and 3oJ per cent, bv oom- 
pauies at their own coat aud risk; so that Government aid lia<l 
been granted, directly or indirectly, to nearly two-thinls of the 
entire system. These 8866 miles of railway comprised sixty-two 
different undertakings, oa at present constituted, under as many 
different organisations, and were managed by nineteen Govern- 
ment departments, and forty-three boards of directors. 

At the close of the year 1861, Germany had, in addition to the 
railways, about 143 miles of tramways, constructed at an average 
cost of £3200 per mile. 

With a view of establishing a common j^lan of action, and of 
regulating, to a certain extent, the relations of the different rail* 
way companieB with each other, a society was formed in the year 
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\>^7 under the title of "The AsBociatiou of Government Railwar 
Directions," which now embraced the whole of the lines, with 
very uniniporUiut exceptioua. £»ch corapfiny subecribed a fixed 
sum towards the general mauogemeut fund, together with a 
▼ariable amount depending upon it« length, aii<l wan represented 
at the mettUugs of the associatiou and in the debates, in propor- 
tiun to importance. A code of Liwa had been drawn up and 
agreed to, which was revised from time U) time, the rules ejtprea* 
oing the decided opinion of the tissooiated body upon all points 
nsaally involved in the construction and working of railways. 
The gauge was now universally throughout the country 4 ft. 8^ in. 
With regard to curves and gradients, the rales laid down w^ere 
—First, the radius of curvature should, if possible, not be less 
than 3600 feet in level land, nor than 2000 feet in billy districts, 
except in particular instances, where it might be necessary to 
re<iuce it to 1200 feet, or even in very rare cattoa to &)0 feet, but 
never leas. Second, the general scale of tuaxinium gradients 
ndniisaible on railways waa 1 in ilOO in level districts, I in 100 
atiinng hills, and 1 iu 40 on mountain lines. Several examples of 
fili.'irp curves upon works already executed were then uolicfd. 
The inoreasml power of locomotive engines had led to a severer 
character of ruling gradients being introduced than was fonierly 
cnniemplated, and there were ample proofs in every part of the 
couutry that the limits reooeniaed at present as suitable for the 
working "fJcconji'tivea had been reached. Many instances were 
then given of steep gr;idieut*i and sharp curves, including a pai- 
ticular acc<^unt of the Semniering railway, and of the mode of 
workinij it As, howevui, a description of this railway had been 
brought before thx lui^titutiou bv Mr. C. R. Diy&dale, iu the year 
IH'A) (Minutes of Proceedings tn«t. C.E., vol. xv., p. .340), it 
wiiuld snIRcetosay that the experience derived from the working 
of tbo IJna went tu show, that one of the goods engines was 
capable of drawing up the incline of l in 40, at the rate of .9A 
miles per hour, a tmin whoso gross weight varied fi-om ItXI to 
IGo tons, aocoi'dtng to ihc slate of the rails and of the weacher at 
the tinie. The ordinary rate of speed waa fixed al^- 

Aacrndlog. DcnceDdlug. 

Mile* pri bonr. Mik* pvr Uovt. 

Par expresB trains 14f lii^ 

ordinary pa>weu(ft?T . 11 J H| 

jjotvlo, incluiliti^ military tninHpiirt . u\ 9^ 

The maximum number of tndns which had passed over the line 
iu one day was seventy-two, couuliug both ways, This was 
duriti;^ tlie Italian war. The ordinary number was twenty-seven, 
with from seven to ei^^ht carriages each. The line was about i^ 
miles in length, was laid with a double way throughout, and had 
cottt j£0K,270 nor mile. 

It appearea to be a general, although not a universjil plan, in 
the case of all ro.'iin lines, to jirepare the earthworks and masonry 
for a double way througliout, but not to lay the second line of 
mils until the success of the undertaking and the requirements 
of the traffic demanded it. Some of the heaviest earthworks 
executed up to tin." present day were then alluded to, including 
one on the Southern State Kail w.ay of Bavan'a, the greatest height 
of which was 172 feet, and which contained nearly 3,fH)0,0(i() 
cubic yards of material. A list of the largest tunnels on the 
principal lines was next given. 

Viaducts and bridges were treateil under two headings; — first, 
bridges composed altogether of masonry, and second, iron bridges. 
The viewB of the As.soci;ited Railway Directions on bridge 
building were, — 1st, For bridges, arches of stone or gooil bricks 
were preferable to every other description of structure, except in 
Cfises which required very oblique bridges. 2nd. Timber bridges 
were inadmissible. 3rd. When iron bridges were made use of, 
the ^wrtiou of the structure which sustained the roadway should 
consist either of wrought or rolled iron. Thus cast-iron bridges 
H8 well as timber ones were i-enioved from the field of investiga- 
tion ; the former by negai ion, and the lutter by direct condemnation. 

IiiMtniicea were then adiluced and dctnila given of several 
examples of stone viaducts and bridges of imposing dimensions 
and extent, including those over the Goeltxsch and the Elser 
Valleys, on the railway from Leipzig to Hof, — and the Neisse 
Viaduct on the railway from Kuhlrurlh, tr> Goerliiz, in Prussia. 
The reault of a series of exfjerimenls, for the purpose of ascertain- 
ing the best deHcrijition of concrete to be placed round the 
foundations of the river piers, in the latter case, gave the propor- 
tions most suitable for yielding a quick setting, hard concrete, at 
22 per cent, of cement; 22 of sand, and .'16 of small broken sUmes, 
not exceeding 2 inches diameter. In re^'nni to i!ie br dge over the 
river Neckar, on the railway from Frankfort un Maine to 
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Heidelberg, it was stated that the depth of the kejBt<aie was 
somewhat over the minimum required both by Desjurdin's for- 
mula and by that of Uauthey; but on the other hand it was so 
out of proportion with the huge thickness obtainwi from the 
method of Perronet, as to pro%'e the total unfitness of this sys- 
tem for calculating cases similar to the one in question. Thus, the 

Neckar Bridge as actually built had a depth of key of 
,, according to Gauthe]r'a formula it requixed 

,, ,, Desjardin's „ 

,, ,, Perronet ,, 

In the case of wrought-iron bridges the arrangement tno«!t 
usually adopted, when the spans were wide, was that of a lattice 
construction in some one of its various modifications.' One of the 
earliest examples, which was deecrilied in detail, was the bridge 
over the river Eiueig, at Offenburg, on the Ba<ien State railway, 
in which it was consideied that the arrangement of the material 
was not judicious, as — 1st. The dimensions of the ironwork were 
uniform throughout the length of the span. 2ud. Although a 
stronger lattice construction was adopted in the case of the 
central girder, still the top and bottom sections were of similar 
dimeuaious to the outside ones; and 3rd. The cross sectional area 
of the iron had not been properly proportioned to its different 
powers to resist compi-essiou and extension, where those forces 
acted. The bridge over the river Vistula, at Dirscham, on the 
Eastern Railway of Prussia, was next referred to. It consisted of 
six spans, each 397 ft. 6 in. in the clear, the depth of the girduts 
being 3>5 ft. 9 in., and the whole of the matenal in the super- 
structure being carefully proportionetl to the nature of the strains 
to which it would be exposed. The Marienberg bridge over the 
river Nogat, on the same railway, was likewise minutely described. 
The next examples selected were those over the Rhine, at 
Cologne, and at Kehl, close to Strasburg: in the latter case the 
method adopte<l in constructing the foundations, by means of 
compressed air, was also mentioned. It was stated that the 
ojjeration of sinking the foundations progressed at the rate of 
about 20 iucheti per day of twenty- four hours. 

In addition there w.is also another bridge over the Rhine at 
Mayence, which consisted of thirty-two openings, having together 
a clear waterway of 3134 ft 6 in., lineal measure. The iron-work 
in the superstructure was somewhat similarly arranged to that of 
the S.'dtash bridge, modified in some particiUars, as to the cross 
section and the form in which the material was afiplied, according 
to what was known in Germany as the system of Professor Pauli 
of Munich, which gave a rectangular top to the beam instead of 
an oval one. 

Attention was then directed to the Permanent Way. It 
appeared that about seven-eighths of the rails in use were of the 
brood base, or contractor's pattern; the remainining one-eighth 
being composed chiefly of chair rails, with a small proportion of 
bridge-shaped ones. As to size the rails were not less than 4^ 
inches in height by 2;^ inches width of head, and the surface waH 
curved to a radiiia of from 5 to 7 inches. They weighed gene- 
rally from 66 U> 7fi lb. per yard. Fish-plates were now almost 
uuiversnily adopted for ooiinecting the ends of the rails, and the 
juiuLs were always supported by a sleeper; a wrought-iron chair 
being ijiterpoaed between the rail and the timber. Recently, a 
trial had been made of the modern English system of leaving the 
joint free without any Blee|)er under it, and the reault had been 
so satisfactory that it was iuteutled to extend it. The almost 
universal system of supports was that of cross-sleepers. They 
were of oak, where it could be procured at a reasonable price; but 
different descriptions of larch and fir w^ere often used, after being 
prepared by some chemical process to resist the tendency to decay. 

The qaaiitily and description of rolling stock in use on difiereut 
r.'»ilw.iya in Northern and Southern Germany varietl greatly; but 
as nearly as could be estimated, at the close of 1861, there were 
I/MCoiuotive engines .... 0'41'4 per English mile. 

Patseager carriaifes, avcr»e 41-8 leati each U'807 „ 

iTOods trucks, average load 6-9 tons . 7"010 ,, 

Before any engine was permitted to be used its boiler must be 
tested with hydraulic pressure to at least one and a half times 
the maximum eteam pressure which it was intended to sustain, 
and a similar t»?rtl must he applied after the engine had run its 
first 46,109 miles, and be subsequently repeate<l every time an 
additional 36,887 miles had been made. The rate of speed was 
uBUidly, for express trains, from 27 to 35 miles an hour, for 
ordinary passenger trains from 20 to 25 miles, and goods train* 
from 10 to 15 miles per hour, in each case exclusive of stoppngei. 
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ON THE CONSTRUCTEON OF WROUGHT-IRON 
LATTICE GIRDERS. 

Br Thomas Caroill, C.K 

[Continutd fram page 305.) 
BsFORi: pnKseeding further with the practical part of the aub- 
ject, I propose to iiuJce some reiuarka on the forniultB iu general 
use, for calculating the horizontal strain in a girder; ami to 
endeavoar to investigate them iu a nianuer whiob, without de- 
parting from recogii set! principles, may render them of more 
easy application in the designing of structures aimilar to those of 
which I am treating. The first formula to which our attention 
is directed is that which gives ua the greatest harizautal atntiu 
at the center of a girder under a uuiformly distributed load, in 

which S="^^ (1) 

W being the total load uniformly distributed, L the span, 
aod D the depth betweeu the centers of gravity of the top 
and bottom bnoraB. Puttlug tc fur tlie constant loud or 
weight of girder and portion of superstructure, and er, for the 
maximum v.iriuble load, we have \V=r{«> -!-«?,). We may con- 
sider the value of w^ to be fixed, and always equal to one ton per 
lineal foot for every line of rails on the bridge; and coufiaing our 
attention to one fjirder, we h.ave n',=L. In bridgt'S of moderate 
spans, that is, within the limits of 150 feet, it has been found by 
engineers autticiently accurate and safe, in practice to take the 
constant weight of a bridge = 1 ton per foot ran, which gives 

U9, in the present instance, v)=z 



Substituting these 



(2) 



2 2 
values in equation (1), we have 

^— 8D — 16 D 
The value for w is rather in excess of the actual weight in 
girders of small spans, but on the suppositiou that the weight of 
a bridge acta in direct opposition to the momentum of a moving 
load, it will be fouod au advantage rather than otherwise. Tha^ 
tbu opinion is entertained is shown by the fact that more than 
the necessary quantity of ballast is often heaped on bridges of 
ffiuill spans, for the express purpose of making tbem heavier. 
Via. 1. 
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Taking D=one-twelTth of the span and patting this value in 
equation (2; aud reducing, we find for the simplest equation for 
the maximum horizontil strain at center 

s = sasxL (3) 

This value for D agrees with tliat for the center span of the 
Sqyne Viaduct, iu which S=264 feet and D=22'5"; the exact 
jifttio is as 1 to 1 1-7, but as 22' 6" represents the depth from out 
to oat, it would be reduced to about ti inches less, by taking it to 

the center of gravity of the booms, which would thus give D = — 

In all girders liaving discontinuous webs, the depth ia capable of 



L. 



a greater variation with a limited increase of strain, than those 
of the continuous web form; the effects of the depth will be better 
seeu when treating on the straiu.s on the web. 

Ill making calculations rea|jeeting the strength of girders, D is 
fluently taken as the total depth instead of the depth between 
the ceutei^ of gravity of the fianges; as it is necessary in some 
cases, and more correct in all, to adopt tlie latter value, we will 
proceed to determine it for a double lattice girder of a similar 
oiustructioD to that gi^eu in tlie number for October. Let 
Fig. 1 represent the b»If section of the top and bottom flanges of 
the girder, the remaining half being precisely similar, the center* 
of gravity of each tlange will be somewhere in the liue Ab. It 
may be remarked that with their horizontal position, or position 
along the bi-eadth of the flanges, we have nothing to do; it is 
their vertical position alone which affects the value of D iu oux 
equations. The simplest metho<l of proceeiling will be, to ascer- 
tain, first, the position (.<f the centers of gravity of the top and 
bottom plates, and theu that of tlie angle-irons, and to consider 
their weights as couceutKitod iu those points, from which the 
position of the centers of gmvity of the whole top and bottom 
flanges may be determined. In Fig. 1, let CC\ be the vertical 
position of the centers of gravity of the top and bottom plale« 
respectively, CjC, those of the angle-irons; the distauee which 
is required to l>e found is G<^J„ the available depth for calculation, 
answering to the value of D in the preceding equations. Make 
Dj the total depth of the girder, aa showu in the figure, and T,T, 
the sum of the thicknesaea of the top and bottom plates, then oa 
the plates are supposetl to be perfectly homogeneous, 

co.=D.-(T.±I-') 

In order to obtain the centera of gravity of the angle-irons, it 
will he only necessar}' to find that of one of them for each flange. 
Let the angle-iron be imagined to be unrolled, or one of its flongea 
to be beut back into the position showu by the dotted lines in 
Big. la, ao that it shall assume the appeaniuce of a straight piece 
of oar iron; if/, be the length of one of its flanges, / the length 
of the other, and / its thickness, its total length in the position 
ahowu will be=(^, -(-/—<), and the position of its center of gravity 

from either end will be= -*— ; now supposing ^ to be the 

vertical flange of the angle, and / the horizontal in Fig. 1, the 
di.stauce of its center of gravity or of the point Cj,from the under 
surtace of the top platca will be 

-fi-(^— 2— J-— 2-, 

similarly for the distance of Cj from the interior anrfece of the 
bottom plates, for although the sum of the thicknesses of the top 
and bottom plates may vary, yet the angle-irons both at top and 
bottom ought to be of the same scantiliug: we thus have the 
distance 

C,C3=D,-[(T,-fT,)-h(/,-f-|-<)] 
Theaccuratepositionof all thepoiuta C, C„Cg,&c., will be in the 
line AB which divides the section into two similar halves, bat 
for convenience sitke I have place^l them as shown in the figure. 
We may consider the force of gravity to act in vertical panJlel 
lines, the resultant of which for the top plates passes through the 
point C, and for the angle-irons through Cj, and for the bottom 
flaugca through C, and 0,, the dbtance 00,= 

Oar required disUnce GOi=CCi— (CG-f CiGi). 

Put A, for the area of the top plates, A.j for that of the bottom 
ones, and <t, for the area of the top or bottom angle-irons, then 
as the weight per unit of both plates and angle-irons is equal, in 
order to find CG we have the following proportion: — 

CG : (CCx— 03) :: a, : A, 
andCG=??^ 

also for the bottom flange, C,0,= ' ^^"^ 

If both the flanges be equal to one another, then CX3=C,0t, 
and GG,=CC,— 2CG; in this case CC,— C.C,, and finally, as 
T,=Tj, wo obtain for GG, by substitution iu the above equations 
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GO,=Dj-T,-(t,+(/,-/+0x j^) 

If 6 be the breadth of the plates Ai=ftT, and Oj=4(/,4-/-<)/; 
and Applying the forinuln to an example, let D,=60", Ti^l", 
6=24", and angle-iron8=4"x3"xV'; then A, = 24 square inches, 
and aj=13 square inches; and the available depth for calca- 

lation will be equal to GG,= D=fi9"- (25OX - )=5812''. 

» Ail 

lu girders of a less span than 40 feet it would not be necessary to 
make this allowance, but it would be quite sufficiently acaurate 
to take the total ilepth and calculate from it. 

In treating of the duty of the angle-irons in the number for Octo- 
ber, it waa remarked that there was no advantage io be gained by 
employing angle-irons with their vertical flanges of a length very 
much exceetling the horizontal ones. Afmrt from the conaide- 
rations there mentioned, it will be now evident that the resnit 
of the vertical portion of the boom is to lower the center of gravity 
of the whole boom, and so reduce the depth required for calcula- 
tion. In tbe above investigation I have taken no notice of the rivet 
holes; o, and A, are the gross areas, because, except where tbe 
slrenglh is concerned, the holes may be considered to be com- 
pletely filled by the insertion of the rivets. 

That the consideration of the correct value for D materially 
affects the shape which should bo given to the booms of girders 

■ will be seen from the inspection of an oi^Iiuary form shown in 
Fig. 2, in which the web, instead of being rivetted directly to the 
nugle-irons, is attached to vertical plates which are rivetted in 
between the angle-irons; these vertical plates must at least be 
half an inch thicK, iu order to effectually Uike the strains nf the 
struts and ties which are brought upon them, uot continuously, but 
f«r taitum, as is the case iu every lattice ginJer; consequently 
their area will bear a very large proportion to, and very probably 
exceed that of, the horizontal plates, and thus produce an injuri- 
ona eflFect by considerably diminishing the value of D which, as 
■hown by the above investigation, ia, caterU paribus, inversely 
proportional to the area of the 
vertical portion of the flanges, 
It will be seen on examining 
the section in Fig. 2, that the 
area of the vertioil plates 
cannot be included in the 
calcuLition of the area of the 
ftanges, insomuch .is they form 
no actual portion of them, but 
are merely a prolongation of 
the web. Their seciioual areas 
being useless, they can only 
be reganled in the light of 
stitfening pieces to the booms; 
as they are four iu number 
(two only are shown in the 
half section iu Fig. 2), and 
an they are continued through- 
out the whole length of the 

^girder, an estimate of their 
Weight would show that this 
advantage is obtained at too 
great a sacrifice of material, 
and addition to tbe dead 
weight of the girtler; their 

own wei;»ht also acts iu a most diBadvantageoua manner, and 
adds to the side strain on the horizontal plates, and although 
they may tend to somewhat stii^tiu the entire booms, they have 
a contrary effect on the plates considered Independently, for 
they increa.se their liability to buckling. 

It would be well here to draw a distinction between the mean- 
ing of the terms "booms" and "flanges;" the booms always 

►Include the llanges, but the flanges may or may not include the 
tiwms; the flau^s, together with any stiffening or packing pieces 
applied to them, constitute the booms, but it must be borne in 
mind that it is the area of the former alone which can be included 
iu computing ihe strength of the girder. Fig. 1 is an example of 
the simj)le9t form of flange for n double lattice girder, the whole 
of the area uf which might be used as the gross area for determi- 
ning its strength. 

Where this hkkIo nf imparting stiffness to the boom in adopted 
(we Fig. -) it would be prefci-ablo to increasa the length of the 
vertical flanges of the angle irons; this method is open to the 
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objections already urged against it, but we should on the other 
hand obtain the value of the sectional area of the stiffening pieces, 
which we do not where the vertical plates are employeil. Tbe 
use of the vertical plates causes twice as much rivetting in thi 
webs than what is required in the other arrangement, where 
web is attache<l directly to the angle irons. 

To return to the horizontal strains. The case of the 
resulting from the eflect of a weight at the center otfers but 
interest, except in the deflecting and testing of ginlers, so we 
pass on to a consideration of the general formula for the hori- 
zontal strain on any part of the boom of a girder, produced by 
a uniformly distributed load. 

In Fig. 3, let AB represent one of the booms of a girder, it is 
required to find the sti-ain at a point P, which divides AB into 
segments a and b. The uniform load in tbe present iostaoos 

Fio. 3. 
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will consist of two portions — the constant, and the variable load, 
which equal respectively tt> and «0j. The total load w+w, pro- 

daces an upward reaction at A = — ^— , and the moment of 

this force to cause fracture at p = — — — 'xa. Let S=horizontiil 

strain, D=depth of girder, and let m=weight of segment a; then 

a 



the forces acting in opposition = SxD-fmX — , from which 

But m— - *"' Xa, and putting this value in our equation 
o-|-p 



'^=|H-.'-'^'") 



Making ic+ir.rrW, we have 



a / W(a4ft)-Wa v^ 
2D\ a-h6 / 



Wxn6 

2D (0+6) 




(5) 



The limits for the value of a and b are a=o, 6=L, and a—h— - 

_ WL ,,. 

in the former case S=o, and in the latter S^ -„jj ... (l) 

If in equation (4) we substitute the value before given for 

„ 3L . ^ 3a6x(«-f6) Soft j u- t\ "+* 

W= - . we have S= -^^j^ = ^ . and making D= -^ 

we have for girders of this particular class 

^- L 

The two equations (1) .ind (4) supply sufficient data to calculate 
with ease and accuracy the strains on any part of the boom of 

a girder. In adopting D = -- , I have been guided by the best 

examples existing of lattice girders — which are unfortunately but 
too few— and also, that in a large number which have come under 
my personal observation and direction, I have found this ratio is 
either actually obtained or very closely approximated to. Tbe 
fiicilities it otfers for calculation have been already shown. 

The next | oint to be considered is tbe quantity of material 
required, or what the sectional area of the flanges should be in 
order to resist a strain acting at any point p. This depends 
altogether upon the amount of strain we wish to impose upon 
any square inch of irou. Widely different opinions have been, 
and are still, entertained upon this point, bat without wasting 
time, and encumbering valuable space with attempts to jaJg* 
between their relative merits, I shall assume that tbe safe work- 
ing strain ia equal to one-tifth of the ultimate tensile strain of 
the material. The tensile strength of plates may be taken at 
:J-2 tons per square inch; this is about two tons higher than it is 



ij 
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^^HMnudly oonaidered at, but the lieniatul for iron of a b«tter quality 
^^^an what was foruunly omployevl iu bridges has led to the 
manufacture of iron of a superior description. Anyone may be 
oonvina?d of this fact by perusing the specificatioaa reapecling 
the quality and teats of the iron to be used iu our large railway 
bridges for India;* the bar iron is apecifiod to be able to resist a 
tensue strain of 24 and even 26 tona, and it is evident that such 
a requisition could only be founded on the fact that a much 
better class of iron is now turned out of the workshops than 
when 20 tona per square inch wna the highest standard of effici- 
ency. We shall thus have V=4'l, or 4^ tons for our working 
strain on iron in a state of tension. In apportioning the 
atreugth of the flanges it must be kept in mind that the top 
flange is in compression and the bottom in tension, and that 
ixoa la weaker in comjiression with respect to tension as 11 : 12; 
and consequeutly, makiug A = the section required for the 

12 A 
bottom boom, and A, for the top, A, = -— - . The effect of the 

rivet holes in the top and bottom flanges must be also taken into 
account. If in the top flange, which in tinder compression, the 
rivet holes were complelely tilled up by the inserted rivets, their 
elfect might be disregarded; that thiH is the case where steam 
rivetting is employed will be shown hertiifler; tiierefore, redu- 
oing in the above proportion, we shall have the safe strain for 
iron in compression =^ 4 tons per square inch. 

In order to avoid confusion by having two constants for the 
booms, and also to provide fur the tontingencies of hand rivetting, 
in which the holes are never filled entirely by the rivets, it will 
be more advantageous and safer to take the net area of the top 
boom at 4*6 tons, instead of the gross area at 4 tons, and thus 
make the calculations similar. If A =r net area require<l in the 
bottom boom at any point, 7»=:tbe number of rivets in the cross 
section of the flange at that point (taking care not to make the 
section across a wrapper or covering pl.ite placed over a joint), 
<f ^diameter of rivets, and /^=:thicknes* of plates ; then the gross 
area a= A4~n(/f and if a,— gross area of top boom. 
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rLet A == area required at center of boom, then A = — ^ ^ - 
p tiDxp 
making p=4H tons, aud substituting the values assumed above, 
we have for the area at the center A = — (6) 



2 



and for the area at any other point where a . b are the segments 

2ab 



into which the span is divided, A= 



(7) 



In small bridges the top and bottom flanges may be made 
equal to uue another in area, but where the proper proportion is 
observe<i A must be reduced or increatsed accordingly. 

Before passing on to the strains on the web, which constitutes 
the essential difference between this aud other tonus of girders, it 
may not be out of place lo make a few remarks respecting steam 
ana hand rivetting. If the heads of rivets which nave been in- 
serted in a plate by h.-^nd rivetting be cutoff, the rivets themselves 
may l>« knocked out of the plate by a hammer; but the nvets 
which have been pat in by the machiue cannot be so displaced, 
the only means of i-emoviug them is by eithsr punchiug or dril- 
ling them out, which is equivalent to reboring the solid plate; if 
a piece of plate bo examined which has been sheared across the 
rivets, it will be observed that, if the rivets were put in by the 
machine, they appear to have become completely incorpomtetl 
with the pinto it.felf, aud to form a part of it. The flanges are 
the only portions of a double lattice girder to which steam 
rivetting can be applied. This will l>e mauifest from an iuspection 
of Fig. 4, which is a diagnim represenliug the main features of 
a steam rivetting machine: it consists of two principal piarts, A 
and B; A is the portion which forms the resistance, and the 
projection on its surface takes the place of the sledge which is 
iiold by one man in hand rivetting against the head of the rivet, 
while P is the hamnjor, worked by a small cylinder and piston- 
rod, which gives the blow, and in so doing is brought into the 
liosition shown by the dotted lines. It is clear that any portions 
of aginler which are required to be united by rivetting must be 

* Bm SCr. Hsmtwi'i lofl nork. ' A Conpkto TrakliM on Cttt and Wruugbt-Inn 
Brtdf* CtoaitrMUeo.' 



able to be brought into the apace shown by .r in the figure, and 
which does not admit of any very great variation, although 
cajMible of adjustment within certain limits. In conwlrooting tne 
girder in the workshop, the angle-irons and plates are put toge- 
ther by temporary bolts and a few rivets driven by band, and 
then the whole b«x)m is slung up on a cross beam trnversiug the 
length of the workshop, and passed in anecession backwards and 
forwards through the space x of the machine, until ih<i whole of 
the riveta are inserted. A single lattice or pbite girder may be 
rivetted together completely by the machine. Oue of the great 
difficultieato be overcome in hnnd rivetting cannot possibly occur 
where the machine is employal — viz., the diflScnlty of bringing the 
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two heads of the rivet exactly opposite; in hand rivetting they are 
fre<|uentiy not so, that is, the longitudinal axis of the rivet does not 
pass throu($h the center of both heads, and the consequence is 
that the head is not concentric ix}uud the rivet hole and the 
bearing surface, or the force which draws the plates together is 
not equal on both sides of the plates. If the bearing surface 
were very uuequnUy distributed around the rivet hole, it ia evi- 
dent that if a sudden shock came upon the rivet it would start, 
ai,»d be drawn through the hole. Another advantage of the 
machine is that it altogether dispenses with the preliminary 
hammering of the plates in the vicinity of the rivet hole, and 
which has often in thin plates injuriously affected their strength 
bv producing a distortion or wind in them. 

We shall next consider the strains on the compression and 
tension bars composing the web: and also notice the forms beit 
suited to tlie different strains brought upon them. 
(Tq b( CQntinufd.) 



INTERNATIONAL EXHrBITION, 1862.- JURY REPORT, 
CLASS.VIIL— MACHINERY IN GENERAL.* 

Subdivition III. — Pneumatic Machina. 
SEcrioN 1. — AiR-ruMrs- 

I^KSE pumps are principally represented by exhausting ma- 
chines for creating a vacuum for the evaporation of tyrup* 
in the manufacture of sugar. They are constructed on a 
nearly uniform model. Each has a vertical steam cylinder with 
beam, connecting-rod, and fly-wheel; the pumps, two or four in 
number, and made of gun-metal, are placed ou either side of the 
beam. The construction of this kind of machine has been 
scarcely modified for many years. 

We place in this class the exhausters constructed by Messrs. 
Gai^an and Co. (France, 1031), for the drawing of coal gas from 
retorts. These machines are represented by excellent drawings 
by M. Fouche. It is known that in large gas-works it is usual 
for the prevention of waste, to pump the gas from the retorts, in 
order that the pressure therein may not be raised above that of 
the atmosphere; whilst it is delivered into the gasomeler with 
the necessary pressure. Blowing fans have also been employed 
with the same object Messrs. Gargon have constructed exhaus- 
ting machines with three parallel double-action cylinders, driven 
by a steam-«ngine. Thcemployment of these three pumps, which 
draw from a small regulutiug pisometer, is sufficient to maiutaiu 
a very regular current ofgas. These machines, which otTur a great, 
economy of motive power over blowing fans, have been adopted 
by the Gas Company of Paris. 

An ingenious iustruinent of Mr. J. J. Silliermuun (France, 1162 

* Uc4iclQd*4 tran pose M4. 
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W.1S retnnrked. It is aa air pump for physical and cheinical 
researches. It is furnished with a stop-cock, pierced with several 
openiaga arranged iu such a tuaoDcr that the pump, wliich is in 
couimunicatiou with three receivei-s, can pump the gas either ia 
or out of each of the three receivers and into the other two at the 
will of the operator, bj simply taming a stop-cock. 

Sbction II. — Blowiso-fass, 

Among the blowiug-fans exhibiteil may be remarked those of 
Mr. O. Lloyd (United Kingdom, 1913), and Mr. T. Lemielle 
(France, 113o). The former waa iu the Exhibition of 1861; both 
ib Paris in Ifoft. The first is composed of blades, the width of 
■which decreases fmni the centre to the circumference, The.se 
blades are contained within two cheeks, forming one body with 
them, and assuring the complete carrying away of the inclcsed 
air. The absence of lateral leakase accounts no doubt for the 
comparative Doiselessneas of the action of the maeliine. 

The blowing-fan of Lemeille, the aclion of which produces 
air-chambers of various capacity, acta rather like a piston ma- 
chine: it conlinuen to fnrnisn excellent results in the veutilatiou 
of mines, and ii is employed aa an air-bhist in many large 
works. 

The North Moor Foundry Company (United Kingdom, 1948) 
has exhibited a blowing-fan patented by Me-ssra. Schiele and 
William, consisting of a fan having its wings curved and of 
diminishing width, mounted on the same shaft with a steam tur- 
bine, which drives it. This fan is particularly applicable to the 
ventilation of steam and sailing vessels. 

The Vienna Imj)erial and Royal Commission for the Ventila- 
tion of Military Hosjiitals (Austria, 630) cxhibita a ventilating 
fan of Dr. Heger, This instrument consists of a wheel, having 
the same axis as the tube which incloses it, and having blades 
inclined to this axis, it will be evident that the rotatory move- 
ment of the blades sets iu motion the air within the tube. The 
variable sections of the tube and of the openings for the passage 
of the air are aminged in a manner to diminish as much aa 
possible the loss of motive power. 

From the reporta furnished, this machine appears to have 
attained a useful eS'ect of 25 per cent, of the power employed, 
which is considerable for a ventilator. 

Section III. — Blast Engines for Furmachs, &c. 
The blast engines exhibited are very few. The vertical beam 
engine continue<i to be preferred in England. A blast engine of 
very fine workmanship is exliibited by the Lilleahall Company 
(United Kingdom, 1910). 

A double norizontal engine on the system of W. Foasey, is 
exhibited by M. L. Perard (Beljfium, 273). The admission and 
expulsion of the air take place through circular sides placed at 
the bottom of the blowing cylinderu, which are pierced with six- 
teen opouiogs radiating from the centre; the slides have similar 
Openings. In turning i-ound their centre the slides open and 
cloM simultaneously all the openings in the bottom ui the 
cylinders; thus is obtained a large area for the admission of air 
with a slow movement of the valve, which only makes t>ne turn 
for sixteen made by the machine. During the period of the 
delivery of air the pressure on the slides is in a great measure 
compensated by the pressure of the air circulating in a false 
bottom, which [ireventa the separation which would be produced 
in apite of the guides between the slides and the bottom of the 
cyliudcni. At a speed of seventy turns per minute this machine 
can deliver 150 cubic metres of air, at a pressure of eight or ten 
inches of mei-cury. Like the blast engine of Messrs. Laurens and 
Thoma^ this machine is free from the sliocks of the valves, 
notwithstanding the great speed of the pistons, but it presents 
over its pre^lecessor these advantages — viz., that the spoetl of the 
slides is low, and that the pressure on the difftreut parts is 
balanced, and from this reason they are not so likely to get out 
of order, 

Mr, Holmgren (Sweden, 2C9) has exhibited a model of a blow- 
ing machine of tltrce single-actmg vertical blowing cylinders, the 
driving shaft is placed below, and the connecting rod is composed 
iif four diverging pieces of wood directly attached to the piston. 
The diffeient ponitions of the j)iaU)n are not parallel with each 
other; if it were i-eplnoed by a sphere of the same diameter as the 
cylinder it wouhl have nn action Iheoivtically as perfect as that 
of a cylindrical piston. To nroht by this property there has been 
piovided for the piston a spherical "titling, and the connecting rod 
leu^rtbened aa much aa possible to diminiah the extent of the 
ovo/J/atioas of the />;9toi). 



Mods. J. Schaller (Austria, 561) exhibits forge bellows, aud a 
porUble forge with double-acting bellows of a cylindrical form, 
and inclosed in a square case of sheet iron, having on the upper 
part the fireplace and a small hood. 

SbOTIOM IV. — MlSC'ELLAKBOna. 

LTndcr this head are arranged a certain number of machines 
belonging to the Class VIIL, but which it ia ' difficult to 
distribute iu the ditforeut sections of the class aa defined by 
the Jury Directory. In the first place is the apparatus of 
Dr. Normauily (Unital Kingdom, 1946) for the production of 
fresh water from sea water. The water is distilled )>y the steam 
from the boilers of the steam ship, or from a 8i»ecial boiler io 
sailing shipa 

The apparatus is disposed in such a way as to retain along 
with the sieam from the evaponited water all the air previoualy 
dissolved in this water and in that which is employed in oonden- 
satiou, which in the u[>poi part of the condenser nearly retMihet 
the Veiling point. This total quantity of air exceeds that 
which fresh water can hold in solution, so that the condenaation 
produces water perfectly aerated. The empyreumatic tAst« ooca- 
uioned by the distill.ition has still to be got rid of, and this it 
ap{)eara is successfully accomplished by filtration through wood 
charcoal. Tlie whole apparatus is simply and practically disposed: 
the evaponition is entirely self-acting, requiiing only the regula- 
ting of some stop-cocks. 

The machines fur the manufiicture of adrated waters are very 
numerous, and are generally well constructed. It could hardly 
be otherwise with the manufacturing machinery required by an 
industry which becomes daily more extended. 

M. Heckraann (Prussui, 1303) baa exhibited an evaj«)niting 
pan of large dimensions, for the boiling of sugar in vacno, 
3 metres diameter, and 3'60 metres high, and of very good 
workmanship. 

M. F. Legal (France, 1157) haa sent the model of a aimilar 
sugar vacuum pan, with some peculiar modifications to avoid the 
carrying over of sugar with the steam. 

Subdivision IF.— Hydraulic Machine; Cranei, S^c. 
Section I, — HroRAULic M.\ciiines, Pdmfs and Fire-enoineb.* 

The ditferent systems of pumps are represented in great num- 
ber. Among the chain-pumps maybe remarked that of Mr. J. 
U. Bastier (United Kingdom, 1792), formed by a series of 
circular pistons iu caoutchouc, moving in a tube of iron enamelled 
on the inside. To avoid friction the pistons have a diameter 
somewhat smaller than that of the lube, which itself is slightly 
narrowed at the lower part, sufficient to allow the pistons to pan 
with slight friction, thus preventing all loss of wat«r. Thia 
apparatus is easily fixed ; but we think nevertheless, that the 
other pumps would be prefeired for gi-eat quautitiee of water, or 
for great depths. 

Murray's chain-pump, exhibited by Mr. Middleton (United 
Kingdom, 1930), formed of plates of wood firady connected 
together with iron chains, and moving in a rectangular case or 
trunk, is easily set up for temporary drainage purposes. 

The force and lift pumps are in great variety: a large number 
of constructors have sought to give to the waterways and valves 
dimensions which render as small as possible the loss of power by 
friction. They have also sought to give a continuous movement to 
the ascending column of water, independently of the action of the 
reservoir of :iir. This result is obt^uDed in the pump of Messra 
C.-irrett, Slarahall, and Co. (United Kingdom, 1S13). The solid 
piston is worked bv a rod of half the section of the piston itaelf: 
during the up-stroke the upper surface forces a volume of water 
into the ascending column, and the lower surface draw.s in twice 
that volume, in the down-stroke these two volumes are sent into 
the reoeptiicle communicating with the upper face of the piston. 
One of the volumes here fills the space which would otherwiae be 
left empty; by the descent, of the piston the other volume is tent 
into the rising tube. These pumps, which are of small aixe, are 
only exhibited as donkey pumps, for the continuous feeding of 
steam boilere with water. 

The uniform movement of the water ia obtained in a atill more 
simple manner iu the pump of Messrs. Farcot and Sons (France, 
1152), in which two equal pistons with valves aflbrding very large 
waterways, work parallel to each other iu two pump cylinders. 
During the successive strokes the first piston draws in w.-itcr liy 
its upper surface, and delivers it to the ascending - ^ 

* Tbe report go the fire-engioM is dnwD up \ij thm Specird Jury oi 
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aeiog it to traverse the second piston. la its oscendiDg course, 
the secoud piston raises iu its tura the column of water by its 
apper face, wliilst the lower face sucks the wi{t«r, caiiaiug it to 
traverse the first yiiston. This pnmp has yielde<l all the good 
results promised by ils ingeuioiia coustruction, aud it 19 adopted 
m the ■water supply of Paris. 

M. Leteatu (Fiauce, 1167) exhibits pumps which are already 
very well known, as well as a double pump of large dimeuaious fur 
draiuage purposes. It is chiefly iu operalious where the waters 
are ohurgod with mud or gravel that the punips of M. Leteslu 
have been found most useful. 

The [)iiiup of Messi-s. Knowelden and Co. (Uaited Kingdom, 
1901) has the general disposition of a fine eugiue pump, but 
between the extremity of the piston aud the valves isrkdiaphriigui: 
the free space between the piston nud this luetubraue is filled 
with water covered with a layer of oil, so that the greasing of the 
piston is always perfect, and no sort of liquid nor foreign body can 
interrupt the action of the pisttm. The four valves, irdet aud 
outlet, are arranged on the same betl plate, and can be easily 
vi^ilod and repaired. Their groupitip presents this udvautnge, 
ih;it liy turning the bed plnte lliis puuiyiacLs iu the opposite sense, 
jiiid can thus easily cleanse the asoendiug lube from auy foreign 
bodied which have happened to get in, a.*; they are very apt to do. 

M. Perreaux (France, 1142) exhibits valvular pistons in caout- 
chouc. The piston is in one piece, aud hollow Iwlow. and termi- 
uated iu the upper part by two thiu lips, geuerally closed, aud so 
much the more etl'ectuatly as the pressure above is gi-eater, but 
, which open to leave a passage for the water from below as bood 

the pressure on this side predominates. With this piston, «ud 

similar piece forming a bottom valve, a pump is obtiiined of a 

iry simple construction. It is necessary to remark, however, 
i the repairs of the pistons in the generality of case.s cannot 
be easy, and that the resistance of the material at the opening, 
and the small dimensions of the orifices, require an excess of 
nioUve power vvEiich would become of importance in pumps of any 
but of small diiiieuiiious. 

The centrifug:d puiups are chieHy represented by the systems 
of Ap iold and tiwynne. The first, constructed by Messrs. Easton, 
Amos, and Souk, obkiined a very remarkable success in the first 
universal Exhibition of 1851. The second, very inferior at that 
time as regards the successful employment of motive power, has 
been so well nioilified, tliat iu the abseuse of comparative trials it 
would be dilhcult to decide to which of these two machines the 
preference should be given, for they offer no essential ilifference 
except in the position of the axis of the wheel, which is vertical 
in the first and horizontal in the second. We believe that this 
system of pumps will receive numerous applications by the ease 
with which it ran be set up, and its working without shock; bv 
the employment of a steam-engine at a high rate of speed, which 
would be easy of transpoi-t and readily fixed. It is well fitted for 
employment in large temporary drainnge works. 

We would mention also, for simplicity of nrrangemeiit of the 
different parts, the dnunage pump of Mi. tiodwiu (United Kiiig- 
doro, 1862), and the double-acting pump of Mr. llansbrow (United 
StAtea, 40), and the double-acting jjumps of M. Hubert (France, 
1200), which fuiTJish the French fountains iu the grounds of the 
Horticultural Society. 

Sfmm Pumps. 

Messrs. Harvey and Co. (United Kingdom, 1880), employed in 
more than the half of the water-works of London, have exhibited 
a model of one of their large single-acting steam pumps, imitated 
from the drainage pumps of the Cornish mines. They are now 
adopted ia nearly all large towns. The comparative experiment 
which will shiirtly be made at Paris between this system anil that 
of Messrs Farcot and Sou (France, 1152), wUl therefore be highly 
interesting. Jt is useful to remember that in the Cornish engines, 
even in those used for the drainage of mines, where the muss in 
movement is more considemlde, the action of the steam valve has 
never been so perfect as desirable. Tlie diameter of the piston 
has alwiivs been too large to allow of the admission of steam at 
the pressure iu the boiler (30 to 4j lbs.) without causing a detri- 
mentjd velocity: there arises a throttling elfect which absorl)a a 
great part of the available work. 

A great number of steam feed pumps are to be found at the 
Exhibition, ail wiih steam and water pistons on the same piston 
rod, sometimes vertical but more often horizontal. 

Two pumps may be seen from the United States: Mr. H. Steel 
(39), and Mr. Worthington (2t»). They are without fly-wheels; 
en« of tbem has only one steam cylinder aud one pump; the slide 



valve is brought into action instantaneously at each stroke of the 
piston by means of a small supplementai-y steam piston very 
ingeniou ly dis|>osed. The other pump is composed of two cylin- 
ders of each kind: the steam slide valve ia guided in each machine 
by the piston rod of the other; by this means the movements are 
slumltaneous in opposite directions with perfect regularity. 

To mention Giffard's injectors, exhibited by Messrs. Sharp, 
Stewart, and Co. (United Kingdom. \-2m\ Flaud (Franqe, 1164), 
is to I'econl their success. They are found at the Exiiihilion uni- 
versally amongst the priucipal industrial nations, thus showing 
how this inveniion li.-is beL<n ii))pruciated. 

Professor Colladou (Switzerland, 106) is tiie inventor of a water- 
wheel to be set in motion by large streams of water, and con- 
structed on the most acientinc principles. It is at present used 
for the raising of water; between two exterior cylindrical surfaoM 
exists a spiral |>artition iu which the water stands at the level of 
the axis, and am be raised to a height comukensurate with the 
number of the spirals. 

Messrs. Weulworth and Jarvis (United States, TA) exhibit a 
windmill for the raising uf water; aelf-regiilating when the force 
of the wind increases; the guide sails close iu, and increase the 
obliquity of the angle formed by the motor-sails, with the direc- 
tion of the wind. 

There h.*»s also been placed in Class VIII. a well-arranged 
macbiue for washing nud bleaching of tissues, exhibited by 
Messrs. Sulzer Brotliers (Switzerland, 112), and a machine for 
washing linen by Mr, Parker (United States, 81)). 

Water Ram«, 

The different hydraulic ratna exhibit no new arrangement, with 
the exception ofthat of Messrs. Bollee and Son (France, 1163). By 
the adoption of a clack valve analogous to double-seated valves, 
he diminishes considerably the intensity of the shock; the pump 
feeding the air reservoir set iu movement by the play of the ram, 
but always situated above the level of the highest waters, works 
even whilst the ram is under water, which allows it to be placed 
in such a manner as to profit by nil the height of the fall. 
Finally, tha valve is counterpoised at will by a regulator, by 
means of which the velocity of the machine is governed. There 
is liero a manifest progress which should render the aae of thia 
machine more frequent. 

HifdrauUc Prettaea. 

Among the hydraulic presses exhibited, there are some in 
which it has been sought to perfect the movement of the pumpe: 
we may mention that of Messrs. Feel, Williams, and Peel (United 
Kingdom, lftu4), in which the two pumps of different diameters 
work together. Both work in the usual way up to a pressure 
determin'd beforehand: when tlie effect of the large [Mimp ceases 
the small piimp works alone to the point fixed for the maximum 
pressure to be obtained, and when its play ceases to have any 
effect. This modification of the working of pumps is obtained by 
the very ingenious arr.ingement of two sfilety valves acting on tlte 
same lever; so that whcu the pressure roaches the first fixed limit, 
a valve ia raised and gives to the lever a slight movement which 
causes the water to be driven into the cistern instead of the pi-ess: 
at the second limit another supply valve, raising the former ful- 
crum of the lever, annihilates iu its turn in the same way the 
action of the small pump. Aa soon as the ]>ressure descends 
l)clow the second or the first limit, (he smnll pump, and then Uie 
large one, recommence their effective work. 

Mr. F. O. Ward (United Kingdom, i015) has sought simpli6ca- 
tion of auothet kind. On a hollow bed, serving also as a cistern, 
he groups a horizontal steam-engine and pumps, thus compress- 
ing two machines into the space of one. The pumps are pecu- 
liarly constructed to avoid accumulation of air. They are also of 
thrice the usual length, and coupled in pairs by a novel arrange- 
ment, allowing all four to be driven by two connecting rods — a 
considerable ecfjnomy. That their threefold length may not in- 
volve diminished directness of thrust, the connecting rods are 
proportionately lengthened. Thus twelve pomps with their 
twelve sets of valves are replaced by four, and twelve connecting 
rods, with their costly fittings, by two. Thia cheapened construc- 
tion implies less cost of maintenance, few^er working parts and 
ret'i[>roc4»tiug motions, fewer valve beats, and less "back slip." 
The power is transmitted by pinion and spur wheel, geared to 
affonrsuit;ible leverage and suitable relative velocity uf the steam 
and w.iter in motion. These are all points of advantage, but it 
would seem desirable to is<i|)ite the steam cylinder from the cis- 
tern, iu order to avoid refrigeration. 
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M. Lecointe (Fmnco, 1166) has obtAined a sitnpliBcation still 
greater: his apparatus of pumps an J cisterns cau supply twelve 
pressc^a. It coaaists of two force pumps, the contents of wl)ich 
are Ud iuto a reservoir of variable capacity by the play of a 
plunger moving vortieally, weighted to 12(X> or 14C)0 lbs, to the 
aquare inch. It is this reservoir which distributes the water to 
the presses at this constant pressure. If the punij» furnish more 
water tlian is usetl, the regulating piston, arriving near the ex- 
tremity of the stroke, raises a balance weight, the action of which 
immediately cuts off the action of the pumps Tiie power returns 
as soon as the piston of the reservoir is lowered; but this return 
of power is coiubiuwl iu such a way that it takes place only at the 
commencement of the stroke of the piston, so as to drive tho 
water with slow velocity at first, e.48ential to the preservation of 
the macliiue. The mechanic;il regulator is ingenious; but it is 
advisable to avoid the noisy shock of the connecting rod against 
the clutching lever, which continues ,18 long as only one of tho 
pumps is in action. With the exo'ption of this objection to a 
matter of detail, the machine of M. Lecointo presents a very im- 
portant progreaa in the production of hydniulic presses, and the 
success which this machine lias obUiined in a great number of 
works is perfectly well deservetl. 

Water Meters, <^-c 

Water-meters are of many diffcreut constructions. That of 
Mr. Siemens (LTnited kingdom, 11)87;, which wiis to be seen iu the 
Exhibition of 1851, cousists of a small turbine traversed by tho 
water to lie mejwurod. It remain;) to bo decided by well autheu- 
ticate<I trials whether this instrument registers accurately under 
the dillereut pressures with which water may have to ti-averse it. 

The other systems of meters consist of filling with water a 
constant «ii>acity, and registering the number of the operations. 
That of Mr. Jopling, exhibited by Messrs. T. Lambert and Sons 
(United Kingdom, 1D03), is of very simple oonstruction. It is 
composed of two equal parallel cylinders, of which the pistons 
wort toi;etlier io the same direction, the pijiton rod of each piston 
regulating at the extremity of the stroke the admission of the 
water into the neighbouring cistern. All the water must ])a83 
through one or tho other of these two cylindei's; and the numb r 
of oscillations registered measures the quantity of water which 
has parsed. Tho cylimlers are inclosed in a case of cast-iron, so 
that the pressure is the same at the exterior jis tho interior of the 
cylinder.s, and its influence on the play of the machine is nearly 
annihilated. 

The Manchester Wateivmeter Company (United Kingdom, 
1923) exhibit several water-meters. One of them is provided with 
only one cylinder, in which the introduction of the water in regu- 
lated by a system of two pistons, which are alternately driven iu 
different dii-ections by a slide, the position of which is changed by 
the piston rod of the large piston at each end of its stroke. 
Among the other water-meters of the Company may be seen one 
(Frtvst's patent) without packing, which will work with warm 
water, for the filling of steam boilers. It is composed of two 
pum|>-i, t, .1111, ,1 each of a rectangular box, moving horizoutidly in 
the I fornieil by two fixed planes. A partition, tixed 

iwrj' :y in the intersection of tho two planes, and filling 

tlie sticiion of the box, performs the oifice of a fixed piston, ami 
separates the two cavities of tho box, which fill alternalely, a."* 
they are extended. The box slides in grooves adjusted oii the 
tixed ]>lanea, eacli governing the slide valvo of the other. It 
would be very desirable th.it regular experiments should be made 
with these instruments, which would be very rapidly adopted by 
the public, could they confide in the register of the machines. 

M. .SiiCH? (lieigiura, 277) has exhibited an hydrometer for dis- 
tilleries. The liquid is measured as it leaves the still, at the same 
time that a small quantity of liquid, variable at pleasure, is pre- 
served at each measuring, and conducted into a special receptiicle, 
which allows of recording readily the mean density of the liquid 
distilled. 

SbCTIOS n. — CllAITES. 

The principal kinds of machines for lifting axhibite^J, are either 
cranes or jacks. 

With the cranes are raugwl those called Den'ick crauea, pre- 
senting generally .an extended ba.'^is, and consefjuently gre;tt 
8t»ibility, Cranes properly so called are either fixed or movable, 
worked by hand, steam, or w.ater. We remark in tlie two first 
classes the system of M. Neustadt, exhibited by J. F. Cail and Co. 
(Franco, 1144), and C. Fauconnier (Fmnce, 1161), which consists 
/a apply'iDg to citujes the Galle chain. This chain, formed of 



plates of wrought-iron unitel by pins, has no forged joints, and 
presents a very great solidity. It adapts itself to the teeth of a 
pinion, and the free extremity of the chain is received into a box 
or directed iuto a sheath. This system presents over the others 
the ailvantage of doing away with the urutn and one of the oog 
wheeLi, seeing that tho diameter of the pinion is about one-third 
of that of the drum; of avoiding the oblique winding of the chain, 
and consequently of notably simplifying the construction of cranes. 
An experience of seven years hiis eonfirmed the use of craues with 
the Galle chain. Nearly .!>(X> of them have been constructed, and 
are used iu large establi!ihmeut.s. Amongst the moat important 
are those of the Imi>erial Marine of France. 

A crane moved by hydraulic ])fes9ure forms part of the exhi- 
bition of Sir William Armstrong and Co. (United Kingdom, 
17Ho), and which also appeared in the Exhibition of 1851. The 
drum is totally suppressed: the chain of the crane when it reaches 
the head of the vertical standard is passed over pulleys; one of 
the pulleys is fixed, and the other \a .set in raovexneut by a piston 
of an hydraulic press. The rotation of the crane is also effected 
by the pressure of water. This crant* is suitable for a locality 
where water is distributed at a high pressure. It can be fed from 
.1 high-pressure hydraulic reservoir, the reservoir iUelf, fed by 
force pumps driven by steam, furuishing an advanUkge\.ius means 
of replacing Ihe continuous work of the machine by the inter- 
mittent work of the crane. The Armnitrong system comprehends 
also a aipstan moved by water under high -pressure. Three 
pumps are thus put iu motion, and work together on a horizontal 
shaft carrying a conical pinion which works against a wheel fixed 
at tho base of the ciipstan. 

Messrs. Ransomes and Sims (United Kingtiom, 101(51) have 
exhibited a portable steam-engine which can act as a steam cap- 
stan. A winding drum is placed beneath the boiler; it is dri^'eo 
by a conical-toothed wheel, put in motion by the steam-engine 
situated over tho boiler. Tho whole of this arningeineot is 
ingenious; but it may readily bo understood ihfit this machine 
cannot exercise very great power. The machine exhibited could 
only raise 25 cwt. The most useful application of it would be in 
the raising of building materials. 

The hydraulic lifting jacks already seen at the Exhibition of 
1861 have become more numen^us. In those of Messrs, Adamson 
and Co. (United Kingdom, 1780), the oscilhitious of the lever in 
raising are iesaene<i by an angle block which butts ugaiust the 
head of the j.ack. It is only by moving the lever latenilly f'M it« 
axia that the stopping of the operation is prevented, and that the 
water from the bottom of the ])re»s is allowed to pass int^i the 
head of the jack, causing at the same time the lowering of the 
object lifted. With the machine of Messrs. Tangye, Brothers, 
and Price (Unitetl Kingdom, 20()2), tho lowering is obtained by 
a special screw. These instruments are simple, and offer great 
advantages over those with rack wheels. 

We must also draw attention to the crab of Mr. Winand 
(Belgium, 28), set in motion by an endless screw which can '• " 
the gearing but cannot be moved by iL The lowering >\: 
weights can only be obtained by turning a handle in theopp«>siii^ 
direction, or by unwinding the screw when a rapid movement if 
desire^]. 

Section IIL— Piuno E>aiNB8. 

The Jury have granted no awards in this section. 

P. LruYT, Reporter. 



Subdivmon V, — Weighing, Measuring, and Regutcring Machinist 

for Commercial Purpoaet. 

Section I. — Cojimercial WKiourNO iNsrauMEXTa. 

In these some very excellent instruments are exhibited of 
simple construction, beauty of design, and of very superior work- 
manship. Seven-d cranes have weighing apparjitus attached to 
them, so that the weight raised may be weighed at the same 
lift — a vi'ry evident advantage. 

C. Schember, Vienna (Austria, 5h1). — Ceutiraal and decimal 
weightc Medal awarded. Gootl workmanship, practical utility 

Z. Deschoraps, CJeneva (Switzerland, 107). — Aas-aying bahiU":*, 
good design, good workmanship, accuitiry, and sensibility. Medal 
awanled. 

B. (irabborn, Geneva (Switzerland, 108)^— Assaying balanoft, 
good design, good workmanship, accuracy, and seosibillly. Me<lal 
awarded. 

M. A. Hasemann, (Prussia, 2041). — Scales with column. Ho* 
Qoorftble mention. 
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E. Pfitzer, (Saxony, 2326) — Decimal weighing machioea, 
bslaoces, &c. Honoumiile mention. 

Prof. C. A. Klingeufeld, (Bavaria, 176) — Scalea invented by Lini. 
, Honourable meuiiou. 

N. Obacii (Belgium, 272) — Weighing machine. Honourable 
leution. 

TOMS n. & ni. — BKOisTsaiSQ Instruuents, ab Gaoosb, 

ISDICATORS, AND TeU/-TALE8. 

Great improvemeats have taken place of late years in articles 
Jn<ler tbe«e heads, and have thereby contributed greatly to 
luce accidents in steam-boilera, by accurate notation of pressure, 
lieight of water, &c. The steam gaugea exhibited are in most 
constructed with discs of thin metal, corrugated and plain, 
•eeured and made steam-tight at the outer edge, the pressure 
acting upou the surface, and the amount of deflectiuu is 
oommuuicated to a movable pointer, which indicates upon 
a dial the exHct amount of pressure. Others are constructed 
with displinigms of india-rubber, ibe pressure being met 
with spiral or volute springs, and the motion communicated 
as above. The bent tube m.anoraeter of Mr. 6oLir<ion is a 
most ingenious and correct indicator ofpresi^ure, and under all 
circumstances the beat in the exhibition. Indicators and tell-tales 
Tftimple cfjnstructioti and practical utility are well-represented. 
for the most y)art these are automatic, >>t^iug self-acting for the 
rulation of feed-water, and giving notice by whistle of condi- 
kioiLs where jt is necessary to call attention. 

Allen, Ilarrison, an<l Co., Manchester (United Kingdom 1782) — 

run-metal fittings for ste.am-euiriues. Medil awarded for good 

ri/rkmanship and general excellence. This firm exhibit a very 

[•xoellent safety plug fur steam-boilers; a v^ve seat is placed or 

fitted into the boUer due over the fire-place, having a lid or valve 

with perforations filleil with metal fusible when not covered with 

water. 

Frieake and Gathercole, Mark L;ine (United Kingdom, 1857) 
iinometei's, telegraphs, indicators. Medal awarded fur good 

lanship, &c. 
>atledge and Ommauey, Salfbrd (United Kingdom, 1972) — 
Engine-pumps, boiler-feeders, magnetic machines for separatiug 
iron anil brass. ISIe^lal awarded. Practiad utility. A very use- 
^>1 und efficient boiler-feeder is exhibited by this firm, which may 
'iUH be briefly described. A small close cistern, through which 
]ie feed-water passes, is placed in connection with the boiler; 
pam is first admitted into the cistern and afterwards condensed 
ft'ith a small quantity' of cold wuter, thus forming a vacuum, 
'lich by a self-acting arrangement causes the cistern to fill with 
Iter from the hot-wi-ll of the engine or any convenient source, 
iteam is then admitted so tin to act with equal pressure to that 
the boiler, and the water enters the boiler by its own gravity: 
lis apparatus is very perfect iu its action, and will {^d with 
Iter at any temperature bolow ^W degrees. 
G. Sailer and Co., West Bromwich (United Kingdom, lfJ7t>) — 
Ipriug baliUiL'es, dynaiiometers, pressure gauijea, &c. Medal 
twarded. E.\l:^ellent workuumship, practical success. These owe 
leir efficieui-y to woll-tempered springs, and are not suqjassed. 
le pressure gimgcs .act by means of the steam or the waier pass- 
ing ngniust an india-rubber plate, on which lies a metallic plate 
'with rod in onneutiou with the mechanism, and which is kept 
down by one of Salter's spriuijs. 

J. Cllamller, Mark Fjiuje (United Kingdom, 1817) — Flat glass 
water-gauge for boilers. Honourable mention. 

Smith Brotlifrs, and Co., Nottingham (United Kingdom, 1991) 
— Pressure and vacuum j^iu'^es. llououmble mention. These 
gauges are on the principle of Salter's, excepting that a volute 
spring, instead of a spiral is used, a diaphragm of india-rubber 
preventing the passage of steam. 

F. Wise, A<lelphi, ^United Kingdom, 2028). — Feed water regu- 
lator, indiealuiH, al.irm for steam boilers. Honourable mention. 

Che regulator for steam boilers consists of a copper float attached 

a lever within the boiler: to this lever is donnected a small gun 
letal slide, which ri.ses and &Jls with the float, and when the 

iter level is .^lightly in excess of the proper height, opens a port 

Thereby air or steam is admitted to the suction pipe or worliing 

b\ of feed pump, thereby suspending it« action until the 

iter is below or at its proper level. 

J. White, Borough (United Kingdom, 2021). — Engine oil 
feeiJers, &c. Honourable mention. 

E. Bourdon. Paris (France 11.5(5).- — Manometers, barometers, 
ijaotors, centrifugal pumps, «S:c. Medal awarded. Originality 



of design; good workmanship of the several articles; practical 
success of manometers and barometers. Mr. Bourdon has a very 
interesting exhibition of pres^nre gauges, vacuum gauges, baxu- 
metera, &c. These are baaed ou the principle of the distortion of 
tubes having elliptical sections by an internal pressure, and 
torsion or twisting by external pressure. In these pressure 
gauges a curves! tube of elliptical section is fixed at one end, both 
■nds being hermetically sealed. Steam is admitted, which has a 
tendency to straighten or uncoil the tube; the other end is 
attached by a small link and lever to an indicating finger. Mr. 
Bourdon also uses a twisted tube, in the form of a quick-threaded 
screw : steam being admitte*! has a tendency to untwist the 
tube, and the motion is communicated to the indicating finger as 
before. 

A gauge for very high pressures is made by having two cnrved 
tubes, filled with water, in connection, one being secured in a 
vessel so as to be acted upon externally. This causes a pressure 
to act upon the exftosed tube internally, and the movement is 
communicated to dial as before. 

Mr. Bounlon al.so exhibits several modifications of a mode of 
raising water by jets of steam, which are in all respects on the 
principle of Giffard's injector fur feeding Ixiilers. 

L. J. F. Deabordes, Lyons — France, 1 1 fiO. — Manometers, pyro- 
meters, barometers, &c. Medal awarded. Good workmanship; 
practical success. 

De.«*l>ordc3 and Rodault, Paris — France, 1 139.~Manometeri* &c 
Honourable mention. These manometers act by pressure upi>n a 
flexible disc, which gives its indication upon a dial by means of a 
lever and toothed quadrant working into a small pinion on 
the point of the indicating needle. 

A. Achard, Paris — France, 1023 — Electro-magnetic salVty 
apparatus. Medal awarded. Ingenious and original design. 
This machine is very perfect in its action; and in addition to its 
being a self acting regulator of the supply of fee<l-water to the 
boiler, gives notice by ringing a bell of any derangement under 
the following circumstances: — 

When the water is too low or too high; when the steam is too 
high; when the feed-pump is out of order ; and, when the 
apparatus itself ceases to act. 

F. T. Moiaou, Mouy — Fmnce, 1171. — Dynanometei's. Medal 
awarded. Original design; pmctical utility. The dynanometei-s 
of Monsieur Moisou are very ingeuiousand practical; the driving 
pulley gives motion to the machine to be tested through three 
bevel wheels iu the usual manner, one being placed upon an axis 
at right angles with the other, its fulcrum being the shaft upon 
which the other two wheels revolve. The power is registered l:iy 
<liii)s acted upon by the spindle upon which the intermediate 
bevel-wheel is placed. Monsieur Moisou also exhibits a steam-J 
engine audwater wheel governor: theformeracts much in the sam*] 
manner as the dynamometer, a fly-wheel being driven by whuelal 
upon a balance lever, upon one end of which is a weight tending' 
to depress it. When the speed of the engine is such as to overrou 
tlte fiy-wfaeel, the weight is raise^l and the throttle valve closed; 
the latter is a pendulum or ball governor, running horizontally, 
having a spring to counteract the tendency of the balls to 
expand. On one end of the governor spindle is fixed a spnr- 
wbeel, which gears into another running loose upon a shaft, 
panUlel with governor spindle: on the opposite end is a conical 
j)Hlley, giving motion by means of a strap to another pulley 
which runs loose on the same spindle as that on which the spur- 
wheel is placed. The stntp is moved by means of thu ball 
governor; giving a varying speed to the driven cone pulley. The 
driven spur-wheel and driven pulley are connected by means of 
an intermediate bevel-wheel, and when the speed of one exceeds 
that of the other, a motion is communicated so as to open or close 
the water sluice. 

David Brothers, and Co., Port Quentin — France, 11015. — 
Instrument tr> test the strength of thretui. Honourable mention. 

Dedieu and Co., Lyon — France, 1169. — Manometers. Honour- 
able mention. In this the steam acts upon a disc of metal, motion 
being communicated to the indicating needle by an eccentric aud 
levers, a coiled spring preventing any play. 

P. lionaud, Nantes — France, 1141. — Float for steam boiler, and 
idarm. Honourable mention. 

Lethuillier-Pinel, Rouen — France, 1140. — Magnetic indicators 
of water level. Honourable mention. In this a uiagxiet, moved 
by a float inside the boiler, oiuses a small light steel roller to rise 
and fall outside a face plate on top of boiler, aud indicates cor- 
rectly every change of level of water. 
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J. C. Oore and Co., Jjunaica Planes— United States, 36.— Belt 
ahiiWr. Medal awarded. Originality of design; probable utilitj'. 
A T^ry simple and etfective iuveulion. The belt ahifter is nnoved 
and locked by one motion, thereby prevenliuy the yMjssibility of 
accidental movement ao as to prevent the slArting of any macniue 
at an improper time. 

S. E later, Berlin — Pniaaia, ISO."}. — Oaa-testing apparatus. Me- 
dal aw.in^e<l. Originality of design, good arrangemeut, aad good 
workiii:iiiship. 

A. J^ficrt' — Belgium, 277, hydrometer. Honourable mention. 

Near find Co., New York City — United Statea, '27. — Dyuamo- 
raeter, pood arrRngemeut, practical utility. M'Mlal awwrded. 
This is a very ingenious machine, bnt difticalt to describe without 
a drawing: two pulleys are monn(e<l upon a spindle, one being 
connected with the motive power, the other with the machine to 
be set in motion, one being loose, the other fast; the former exerts 
its power upon an inclined plane which acts lougitadiually upon 
two spiral springa, .'ind these indicate their pressure on a scale or 
counter ti.xed to the framework of the niachiue. This counter, 
besides being actuated by the force and motion of the driving 
palley in an uniform manner, is caused to revolve in an increasing 
ratio as the j)i-es8ure or force increases, by means of n cone which 
ailvanees or recedes with the spiral springs, and which gives its 
motion to the counter by a friction roller. 

Boi'keidia^'en — .Meckleuburg-Schwerin, 37. — Spirit gange. Ho- 
nourable mention. 

E. Drewitz — Prussia, 129.'). — Alcoholometer for quantity and 
strength. Honnnnible mention. 

iSchatfer and Bndenbur;; — Prussia, 1316. — Manometei-s; steam- 
engine fittings. Honourable mention. These manometers act by 
pressure upon a corrngHted plate of metal, a.id give motion to the 
needle by a lever and toothed quadrant and j»inion:they have 
proved very effective in practice, and can be ridied on for their 
accuracy. 

O. M. Hemjjel — I*niaaia, 1404. — Steam-pressure gauge. Hon- 
ourable mention. 

Watiemez and Kloth — Prussia, 1325. — Black's safety appara- 
tus til prevent tin* bursting of boilers. Honourable mention. 

D. A. Lohdefiuk — Hanover, .179. — Manometers. Honourable 
mention. 

J. .T. Gutknecht — Switzerland, 154. — Apparatus to measure 
spirits and water: dry g.ia meter. Honourable nieulion, 

Waltjen and Co. — Bremen, 6. — Friction hiiauce and oil trst 
Medal awarded. Good design, practical utility of oil test. This 
apparatus is intended to determine the description of oil best 
suited for Inbricaticin of shafts at certain given velocities, 

A shfift supported on two bearings is fitted with a sliding fric- 
tion pulley, driven from a friction disc, placed at right angles to 
the shaft. The sliding friction pulley is movable from the centre 
of the disc to its circnniference, so as to allow of increasing or di- 
minishing the speed. One end of the shaft is fitted with a worm 
gearing into a worm wheel, which registers the number of its 
rerolutions. The other extremity of this shaft is 6tted with a 
collar, and apon this collar tin.' tmlance disc is supporter! by a 
»egnient of a step. The balance is weighted by two pieces of 
metal of equal weight, suspended from the two ends of a strap 
which prisaes over it. On each side of the balance a knob is cast 
to the circumference, one of which knobs is bored out to receive 
a cylindrical weighty which screws in and out. The various puna 
of the b.'dance are ao arljnsted th.atite point of gravity falls a little 
below its centre, and a hand fixed at the lower extremity of the 
balance shows when it is in a verticnl position and accurately 
\>aianced. The oil-cup passes throngh the centre of the step seg- 
meut to the jK>int of contact with the coUiir. The apparatus 
Iwsing put in motion, the smallest amount of friction will tend to 
raise that side of the balance which is fitted with a sliding weight, 
which ia thereupon screwed out so as to increase the weight ou 
that side until the friction is counterlialanced, when the scale 
marked on the sliding weight will indicate in pounds and onncea 
the amount uf friction on the cullai's at the given speed with the 
oil used. On testing variotis kinds of oil at the same speed, it 
will be easy tu ascertain whii-li quality produces the leaatanonat 
of friction. 

J. Adoock, r)alstou — United Kingdom, 1781. — Distance indica- 
tor for wheel-carriages. Honourable mention. A small air 
cylinder is fixed veriicully to the axle of the carriage near the 
wheel, and communicates by means of a non-flexible india-rubber 
tube, with a second air-chamber; being ^uirt of a clockwork which 
jvad^ra the number of revolutions of the wheel. The boss or 



nave of the wheel is fitted with a curved arm or rod, which after 
each revolution of the wheel depreuses one arm of a bell crank 
lever, the other arm of the same acting upon and depressing th« 
piston rod, which is attached to the centre of an iudia-rubb(.'r dia 
with which the cylinder is fitted: ou the disc being thus depre.ssed^ 
a (wrtiou of the air in the cylinder will be forced through th«j 
tube to the air-chamber of the clock-work, and inflate the India 
rubber disc or bag of the same. The centre of the disc is c«>ti-^ 
nected with a pall of a ratchet-wheel, and each time the air ti 
forced into the air-chamber, the pall will rest u (ion the ratchet 
wheel and cause it to move forward one tooth, and thus regisl 
by means of the clock-work the distance passed over by a reTolc 
tion of the wheel. The arm of the nave having passed the i 
of the bell-crank lever, the disc in the cylinder will, by its ov 
elasticity, or by means of a spring, rise and again admit the i 
into the cylinder. The saine body of air being passed to and 
between the cylinder and the air-chiimber, and no valves belt 
required. The apparatus is at once simple and effective, and 0( 
liable to get out of repair. 

Rand L.B. Bodmer — United Kingdom, ISOl. — Safety-valve.—" 
This being exhibited by a Juror could not be made the subject of 
an award, but the Jurors wish to record their appreciation of it 
The peculiarity of this valve consists in the valve edpe bcLoj^ 
raised by a column of steam or water, entirely independent of Um 
escapiug steam; a tube formed in the ceutre of tiie valve is cuui 
nected by means of a pipe with the steam apace or water of th« 
bniler; at its upper end this tube is enlarged, and forms a pint 
of the diameter of the valve; and the valve cap, made in the for 
of an inverted cylinder open ai the lx>ttom, fits on the fiiston, and 
rests on the valve seating in the usual manner. When the steooij 
pressure exceeds that to which the cap is weighted, tlie steam 
water, acting upon the end of the inverted cylinder valve cnf 
will lift the same in proportinn to that pressure; but on skafi 
sodden accumulation of steam takiuji place, the valve will at onuS^ 
of)eu to its full extent, and immediately relieve the boiler of its 
Burplos pressure. 

With a slight modification, valves on this principle can be cua>J 
struoted with a lifting area of exactly one square inch, les* oi 
more, whilst the diameter of the valve may be three, fonr, six, i 
more inches. 

'i heae valves are {)artieularly adapted for being weighted dire 
by means of weights or springs. 

F. Normaud, Paris — France, 1179.— Improved method of vjiA 
rectiug the error of the universal joint in transmitting motiuUii 
Medal awarded. — Originality of design, practical success. 

J. N. NL^uzaize, Sen., Cfaartres — France, 11B7. — Engaging and 
diseng-aging gear. 

The Reporter of the foregoing articles under Subdivisions II. 
and V. has preferred giving a short general report, and has adiied 
a more deLailed description under tlie head of each, where heoott-J 
sidered the articles deiseive special notice. 

J. Hick, Repartvr. 



PAPEBS ON HYDRAULIC ENGINEERING.* 

By Sajiuel McElrot, C.E. 

No. 2. — Dintribution — (continued). 

Tuberailadon, — In addition to the ordinary process of oxidatioit^ 
to which iron is subject, cast-iron water pipes are peculiai'lr 
liable to the production of tutcmal accretions or tubercules, which 
restrict thetr calibre and discbarge, and involve a chemical action 
destructive to the metid. 

Of these erjla, the former is the most important, ainoe the, 
gradual or partial loss of section, by irregnlar accrelioDB, e) 
flQ iuQuence ou the immediate usefulness of the pistes, which 
exceeds any question of cost in evcutual replacement. 

"We have h.^d frequent occasion to notice the rapid deatmctioa , 
of wrought-irou produced by .sea vvaU^r, in which jiarticular veil 
and portions of the iron are the most rapidly injured, showiugl 
that the relative constituents of the special ftirging ex(>osea , 
determine the rapidity of this action; and from frequent observ*- ' 
tion of lika actinn on cast-iron water pi|>e8 by fresh water, it^ia 
plain that thiit chemical process, though less formidable indegres 
in this case, is attributable to the same laws. 

We are informed that in the mining pumps ofthePeonsyl _ 

vania cojJ region, it is not uDcumuiou to have the lower pipes' 

* OaaUoued from f^ge 9M. 
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entirely destroyed iu process of time by a cbnnge iuto plumbaeo, 
from water aclion; and iustaDces ure on reoorci in water woncs 
experience, where the entire ca!»tingB of the niaius have been 
gnwiually transformed, retaining the fomi, but completely alter- 
ing the snbstance, ia certain local cases. 

OljservalioDa were recorded in the ' Edinborgh Philosophical 

'ournal,' iu 1^£2, by Dr. J. MaccuUoch, on the production of 

k-lead from cast-iron, under experiraenta with sea-water, 

, acids, &c.; which have been recently extended by Dr. 

Calvert, a3 noticed iu iho 'Loudon Engineer,' of January 

demonstrating the formation of plumbago from cubes of 

t-iron. 

From 1S3S to lb43, in England, Mr. Robert Mallett made 
investigations of tho o|>' rations nf water on iron, in reference to 
water-pipes, of which tiie results are thus stated to the British 
Association for the Advancement of science: — 

" He found that any sort of iron cart or wrought corrodes when 
erposed to the action of tvater hnldin^ air in combiuation. in one or other 
or dome eornbinatioD of the following forms, — viz. 1. Uniformly, or 
when the whole surface of the iron ia oovereil uniformly with a coat of 
ni«t, requiring' to be ocrapttHl off, and leaving a smooth, red nurfaoa after 
it. 2. Uuifonnly ^ith plumbago, where the siutace as being uniformly 
earroded is found in some plaoea covered with plumbagenous matter, 
leaving a piebald fiurfacv nf red and black upon it. 3. Locally »r only 
rusted in some placid, and free from rust in others. 4. Locally pittwl, 
where the Hiirfiioe io left as in the last case, but the metal is found unuqually 
removed to a gT«'at»;r ">r less depth. 5. Tubercul.ir, where the wholt of 
the rust which biw taken pliicc at every point of the specimen, has been 
transferred to one or more particular p>lnu« of its surface, and has there 
farmed laige projecting tuhercnles, leaving the rent l>aro. 

The great elements of differeooe nf corrosion as tvspecta the iron itself 
appear to be: — 

1. The degree of homogeneity of substance of the metal, and especially 

its siufiict) 

*2. The degree of density of the metal, and state of its crystalline 
arranceijient. 

3. Tlie lUiKituit of uncombised carlKin or suspended graphite contained 
in the iron. 

And therefore that the more homogene<itM— the denser, harder, anil 
closer gnviui^ and the It^ss graphitic— the smaller is the index of 
corrosion." 

From examinations of the Cocbituate mains, made by Prof. 

[orsford in 18.53, he expressed the opinion that — 

"There iuiD Ix-cn galvanic action arising in one class of cases from the 
raintact of metala of unlike atlltiity for oxygen, and generally from a want 
of homogeneity of the iron, mid to this more than any other agency is to 
be wcrilwd the rapid formation of accretions." — Cochituatt Water Report, 
Jaiiimry 1853. 

While the law of this action is universal, and its effects are 
always to be anticipated, the degree of action is modified by the 
special conditions of any particular system of mains. (Quality of 
water, rapidity of flow, temperature, and other circumstances, in 
connexion with the special qanlity of the castings exposed, may 
accelerate ur retard these f^irniatinns: and our information as to 
thoir existence and effects, however well established as to the law, 
is somewhat defective in special records, partly becinse the action 
is hidden from sights ami partly Ix^'cause, when exposed, it is 
customary with water works administiTilious to conceal or deny 
the existence of defects. 

Some of these elfecls may be thus briefly noticed: — 

It was observed at ( Jrenoble, in France, that the east-iron feed 
main had reduced its flow on this account, between 182fi and 1833, 
from 370 to 100 wine gidlona per minute. 

It WAS noticeil at C-herboni-g, that from 18-36 and 1838 to 1850, 
the effective section of the supply main had been reduced to less 
than one third its original calibre, the accretions being 1'676 to 
1*968 inches in height. 

In the reports of the water works in England, numerous 
instances are recorded of the effects of tiibercnlntinn, which are 
also prominently noticed iu locomotive boilers, and other kinds of 
exposed iron work. 

In 1852, Mr. E. S. ChesbrDUgh, Engineer of the Cochituate 
Board, Boston, reports ttmt — 

"The rapidity with which the interior surfaces of some of the pipes 
have been covered with tuU-rciiles or rust, has excited a great deal of 
interest. . . . All the large pipes that have been opened have Iteen 
partially or entirely covered on their inner siirfaoes, some with detached 
ide^ varying from a half to two and a half inches base, with a 
or thickness in the middle of from one-quarter to three-quarters of 
inch; and some entirely to an average depth of half an inch, with a 




rongh coating, as if the baaes of the tutjercules ha<l crowded tooether. 
The smaller pipes all exhibit some action of this kind, Init geiieraUy to a 
leas extent as regards thickness than the larger ouei). In un« case, 
however, a four-inch pipe was found covered to a thickness of about one 
inch." 

In 1863, the Cochituate Board remarks — 

"The extent to which these aocretionB have affected the diadhMgD of 
water from the pipes, by diminithing their area and increasing the frifition, 
has been sati^fscturily ascertained by t)li«tc!rvation.t mod u by the City 
En^neer, with grt-at care, on one of the 30-ineh mains across Charleg 
hirer, and is found to be much greater than was anticipated. The loss 
of discharge under the common head of aix inches was fonnd to be 
upwanls of twcntv per cent, of the known <li><chargo of a new main nf 
like diameter. Similar observations on the 30-inch main from the Brook- 
lyn Reservoir, imder the ordinary head of 8 feet, gave the same retolt.'' 

This action at Boston was very carefully recorded for a time, 
demoQatratiug a very serious injury to the whole distribution 
system. The board, however, seems to have consoled itself at 
laat with the theory that the action exhausted itself at a certain 
stage, and continues to extend the service with <-iujt-irrin pipes. 

The eflcctive diameter of the 20-inch n)ain of the .Jersey City 
Water Works, recently examined, was found to be leas than 
18 inches. 

Considerable reduction from tubercules Ls recorde<l on the 
Croton mains and smaller pipes. 

From the action of the water on the pump valves and other 
engine castings of the Brooklyn pumping engines, the discoloura- 
tion of the water at fires, and other evidences, this action is 
serious on the unprotected Brooklyn distvibulion. 

Similar effects are recorded in various other water works of the 
United States in conflrmaliou of what may be properly assumed 
as a law of chemiciil action, more or leas powertul In special 
localities. 

Preventives. — Various efforts have been made to apply washes, 
paints, and varnishes, by different processes, so as to prevent 
contact between the water and iron, iu castings as well as 
wrough t-iron work. A galvanic action has also been provided 
by coatings of zinc and other metals, and various enamelling 
processes have been invented. Among these may be mentionea 
white-wash of pure lime, a wash of hydraulic cement, linseed oil 
applied under pressure, a composition of oil and wax, oopal and 
other varnishes, lead and zinc paints, and coal tar varnish or 
paint. And all of these, including galvanism and enamelling, 
exi>erience goes to show that they have various special merits as 
palliatives, but no permanent power as preventives. Paints of 
all classes need periodical renewal; varnisnes and enamels sooner 
or later peel off or wear oil' ; and galvanism simply delays by 
destruction in one direction the eventual process of destrnction in 
another. To make either palliative effectual, even for a time, 
requires careful an<l expensive workmanship, and the point of 
final failure is merely a question of lime, whicli question should 
properly determine the propriety of its use, in connexion with the 
relative cost of use, in those cases where want of access prevents 
renewals. 

On large dry-dock gates and caissons of wrought-iront exposed 
to sea water, without excessive motion, we have found a body- 
ooat of re<l lead, with super-coals of zinc paint, the most durable 
and satisfactory; while for the iron work of steamer water-wheels 
and other parts much exposed, coal Utr paint, though requiring 
frequent renewals, is mrire easily applied, and probably more 
effectual. Variou.s experiments whicli have been made with 
coal tar varnish in c^tntrast with other coatings, seent to favour it 
strongly when applied to a hot and clean surface, although its 
advocates admit its defects when not thus applied. Hence this 
process has been adopted in several water-supplies in England, 
and is being introduced into this country to a considerable 
extent. The large mains at Brooklyn, with those now used for 
extensions, and the ti-feet mains nf the Croton extension, are 
thus Coated. Other water works are following this example, all 
the pipes i-equired for the (.Iliarlestown Water Works, now going 
under contract, being speciliod with this proteotive, in case cast- 
iron pipes are used at all. 

As now applies] in this process, the pipes are dippetl in a 
varnish-batli maiiitaiued at a temperature of 300"' when tirat 
cast, or are oiled to prevent rust until they can be coated. The 
additional coat is about 11*25 to $r&0 per ton. The pip>es being 
laid, renewals in coating are prevented, and its duration will 
vary with circumstances, being in some cases a matter of years, 
in others, of months and weeks. Of the mains coated by Dr. 
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Smith's prooesa &t Glasgow, for the Brooklyn •works, mnnj of 
those exposed in the pi|)e-yard for a few months lost their varnish 
from the efieota of the weather, while others i-emained iu good 
cooditioa, and all the coatings hitherto applied can only be 
regarded as palliatives. 

While it is 6xe<i and certain, that no engineer is jastified in 
laving unprotected eaat-iron pipe, the protections themselves 
raqoire careful atndj, and the most faithfiu application. 

Wrought-lron Cement Pipe. — Among other subetitutes which 
have been adopted for water pipes, those of wrought-iron riveted 
iu proper lengths, and lined and coated with a thick body of 
hydraulic cement mortar, have been very extensively used 
in this country within the past fifteen years. The several 
lengths are put together by butt joints secured by sleeves, filled 
in with cement to prevent leakage, or by cast-iron hubs protected 
by mortar from contact with the water. The pipes, by one 
prooeas in use, are lined with mortar applied under strong pree- 
■an. Mid coated when laid in the trench ; and by another prooeas 
they are both lined and coated under preasure at one operation. 
In one case the taps are iuaerted by brazing a tap plate and tap 
to the outer iron shell before the drill is ua^ ; and in another, by 
the use uf cast-iron rings tapped as in ordinary cast pipe. 

Without discuBsiog the merits of the several patents which 
apply to details of manufacture, it is manifest that the pipes 
theaaselvea embody an important principle of durability by the 
preservative effect of cement on iron, which excludes air and 
prevents oxidation and tuberculation, and which oontiuucs to 
increase in solidity and strength witli increased age. It is also 
manifect that any desirable measure of strength may be attained 
by regulating the quality and thickness of the iron body. The 
eemeut lining is not less than one half-inch thick for the smaller 
diAmetera of three and four inches, and by pressure is very firmly 
set to the iron plate. Pipes of this kind can be manufactured 
and laid with less cost than those of cast-iron, and have several 
valnable qualifications when properly put down. 

Lead Service Pipe. — ^The use of lead for house service from the 
street mains, althougli a matter of common practice, has given 
rise to elabonile investigations and diacuaeions in Europe and in 
this ODuntry. This use has obtained against the serious objec- 
tions urged against the material, on account of its ductility, its 
atrengtb, and its sources of profit to plumbers, and some disad- 
vantages in mana£»cture or use of its occasional substitutes. In 
some cities however, as at Hartford, it is du-ectly prohibited. 

From the investi^tions on this subject at Boston in 164d, 
about the time of mtroducing the Cochituate anpply, it was 
determined to admit its use. While all the experiments showed 
that lead is dissolved by water, it was argued that the Cochituate 
ma not more dangerous in this action than the Croton, and that 
"a coat forms on the lead, which for all practioil purposes 
becomes in process of time impermeable to and insoluble in the 
water in which it occurs." And this sums up all the chemical 
diacnaaion in its favour, — viz. that the quantity dissolved is 
inaignificant, aud'^hat the process is self- protective in lime. 

It is plain however, from an examination of the varied analyses 
and disooasious of this matter, that the defence is apologetic at 
the beet; while, on the other hand, the doctrine of cumulative 
eSiactB, the voluminous testimony as to lead diseases, the exteu- 
tive prevalence of those which may be directly or indirectly 
attributed to the effects of lend, as colics, paralysis, neuralgia, rheu- 
matism, &a, and the proof that at B<:)8ton and in other localities 
the coating is not a prcitective, certainly justify a distrust of this 
claim of immunity, and h general rejection of 'the material. To 
famiah an ade({uate and sate substitute certainly need not over- 
tax engineering skill. 

Appurtenancet. — Of these atop-cocks and hydrants are the 
moat important: the former being used to ilistrict the supply, 
for convenience of i-epaira and aooeas, aoJ the latter for fire pur- 
poses, street washing, and other public uses. 

Among the various forma of stopcocks in use, probably the 
boat are those which are built with a globuUr head acting in part 
ai an air chamber, and with a flaring groove for the gate. In the 
fint oaae, greater strength is secured in u limited space; and in 
the aeoond, the gates are prevented from jamming, aa the larger 
ooflB are npt to do with too narrrow a groove, in working one 
brass face astiiosb another. Face joints are also preferable to 
lead joints, iu obviating the necessity of caulking. Much incon- 
venjence is often caused by improper arrangement of the stop-cock 
districts, whan long distances are attempted to be controlled to 



save oxpenae in original conatruction, and it iis desirable to oon* 
dense theae districta of control as much as possible. 

The ordinal^ form of fire hydrant in use, m to the tube itaelf 
and not as to ita case, seems to have been adopted from one city 
to another, with very little regard to its purpose of operatioiu 
The range of ingenuity seems to have rested content with 
the automatic vent, which drains the tube above the valve 
when not in use, to prevent frost. In the ordinary tube the 
valve is operated within, by a rod passing through a stuffing- 
box in the tube-h«ad, which raises and lowers it, to cloee or op«B 
the hydrant. Generally, a 4-inch hydrant main is attached to » 
three-inch vertical tube, with a two-and-a-hiilf-inch nozzle, and the 
effective section of the hydrant is leas than one-half the section of 
the branch main. Hence it follows that in consequence of ex- 
cessive hydrant friction, the supply of a street main, six-incbea in 
diameter, cannot feed more than two fire engines on the same 
block, through two hydrants, and our Bt<.'am fire-engines are 
obliged to put a suction on the hydrant nozzle to get their aapplj 
at afi. 

Now it ia evident, that if there is any propriety in using fottr" 
inch branches, there ia none in using hydrants throttled down by 
rude, internal working parts to effective sections of less than one- 
h.iJfthe branch calibre; and with the uni^'eraal introduction of 
steam fire engines, all the present system of branches and 
hydrants must be improved. There is no mechanical difficulty 
whatever in making hydrant tuljes with a free delivery equal to 
that of the branch, and this should always be done. 

In all cases where ateam fire engines are provided for, the 
hydrant nozzles may be adapted by the ose of a double nozzle, 
either to the ordinary hose connexion, or a steamer connexion of 
the full hydrant size; but the be.'^t way to arrange them ia to 
make a full-size hydrant nozzle, using a set of redocets for 
ordinary fire hose. Instances abound in the experience of firemen 
where most valuable property has been lost, solely on account of 
excessive friction of hydrants, where time prevented the inter* 
vention of engines. 

The use of Lrou coses, both for hydrants and stop-cocks, ia an 
improvement ou tlie oi-diuaiy wooden boxes, which should be 
mode universal, as a matter of economy, science, and omameoU 

The following table will illustrate the relatiou of appurtenances 
to mains adopted in the case of a single protuiuent supply: — 
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On this work all the woo<len boxes which are replaced are 

Buiuetized to prevent decay. 

In this nipiil sketch, in which the discussion of details is u>it 
odmLssible, we present as to distribution, sutue of those promi- 
nent features which directly ad'ect its cost, durability and uaefal- 
nesa, and which involve systems of practice moi-e or less oomiuou 
and in some cases objectionable, with the hope that inventive 
geniuM, prompltf<l by general assent, may mark out the most 
fiaaaible and satisfactory correctives for our adoption. 
{ Ta be eoHtinued.) 



WARMING AND VENTILATION AS ILLUSTRATED AT 
THE INTERNATIONAL EXHIBITION, lbe-2. 

Perhaps from the absence of any mention iu the Official pro- 
gramme of the objects comprised under the above head, and the 
attendant uncertainty as to the cbiss in which a]»plications for 
apace should be made, the number of contributions connected with 
systematic wanning and ventilation was proved to be very limited. 
Among the British exhibitors were only to be found the names 
of Perkins and Rosser (Sylvester) ; nor were there any illnstra- 
tions of the practice of Eeid, Gurney, Amot, Hoden, Price, and 
others whose work* are numerous throughout the couutrj'. 

It is p.<irtiouhirly to be regretted that foreign engineers and 
manufacturers should not have been indui:5ed to send some speci- 
mens of the works in which the Paris Exhibition of IWM «ru 
rich, and which might have been studied with great advantage 
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by their othiaborateura in this country. The ingeDuity and science 
diarplayed in some of their caloriferes would have been an example 
to British manufacturers; while the art of sanitary improTement 
systematic trentilation would have been much elucidated if 
Thomas and Laurens, Davoir Leblanc, Grouvelle, and 
_.jer8 had exhibited apparatus, models, or plans. It is to be 
hoped that any future luternivtional Exhibition may comprise a 
distinct subdivision for the objects assigneil to this class. 

The whole Exhibition presented only three or four illastratious 
of the application of systematic veutiJatiou and heating to large 
jctures. These were the Imperial and Koyal Military Hospital 

; Vienna, the designs for a Theatre in Paris, the new buildings of 
lay's Hospital in Loudon, and a County Prison at Canterbury. 

The system adopted in the Vienna Hospital was illustrated by 
drawings exhibited in the western annex, Austrian department, 
Class X., and by a small bio wing-machine of the kind employed 
(No. 63(1). 

The portion of this building shown on the drawings consisted 
of two stories, each lloor comprising two vrards of thirty-two and 
sixteen beds each respectively, ptaml end to end, with windows 
on both sides; those on uue sidu looking out over the exterior 
•pace; and those on the other into a close corridor running 
parallel with the length of the wards. This plan will probably 
fee consideretl as rendering the building greatly dependant for the 
sanitation of its atmosphere upon artificial or systematic ventila- 
tion. 

The permanent ventilation of the hospital is effected, by iruuf- 
flatian, the apparatus employed for forciug in the nir being the 
newly-inventeil blowing-machine of Dr. Heger. 

The fresh air is taken irom the exterior at the back of the 
building, by a small fresh-air shaft of low altitude, provided at 
the top with .n coiitrivauce for directing the deacending current, 
which passes into a subterranean channel in which the blowing- 
machine is fixed. The machine is worked by a small steam- 
engine, and is stated to be capable of supplying 7000 cubic metres 
of air per hour, equivalent to aboat 40 cubic feet per patient per 
minute. 

In cold weather the air of ventilation is warmed in its 
passage by clusters of small steam-pipes placed in a cham- 
ber in the basement under the centre of each ward; the 
delivery into tlio wards being by an open-work ped«stal 
placed in the centre of the ward. Tubes inserted into the 
pedestals of the ground-door wards take up to the pedestals on 
the first floor their due proportion of air. The vitiated air ia 
evolved from the wards through ventiducts contrived in the ex- 
tem.ll walls, having their exterior outlets in the vertical face of 
the wall at about the level of the ceilings; and openings into them 
from the wards, both at the floor and near the ceiling. Both the 
internal and external apertures have regulating valves. The 
ventilation is independent of the warming, the latter being par- 
tially effected by coils of steam-pipes placed in pedestals along 
the centre of each ward. The plan adopted is reported as being 
satisfactory to the military authorities. The machine is stated to 
require only ^ of a horse-power to work it, and to utilise 55 per 
cent, of the piower emjiiojed. • 

Tho designs for a Lyric and Dramatic Theatre, exhibited by 
M. Barthelmy (France, Class X., No. 1292), have received 
honourable mention from the Jurors for the arrangements for 
warming and ventilating. The plans, which were very compre- 
hensive and elaborate, were however SDspended at such a height, 
and had the specialities of the system of warming and ventilation 
so slightly indicated, as to leave the impression that the Jurors 
must have had a much better insight into the ideas of the exhi- 
bitor than fell to the lot of any ordinary observer. 

Some drawings were exhibited by Mr. 8. Egan Rosser — 
Class X, No. 2399 — to illustrate the application of Sylvester's 

Sitem of warming and ventilation to the new buildings of Guy's 
ospital. In this building the winter warming is effected by the 
."iir supplied for ventilation. The wards are in pairs, placed aide 
by siile, witii occasional o|)enings in the division wall for facility 
of communication. The fresh nir is titken from above the level 
of the highest roofs by a fresh-air tower, which has at its summit 
au octagonal lantern, within which a cowl, or shield, revolves 
according to the direction of the wind, to which its open side is 
Iways presented. Descending to the basement, the fresh air ia 
trried in capacious chounels to the extremities of the building; 
the several wards on each storv receiving an independent supply 
by caliducta which ore carried up in the division-wall between 
toe words. In the basement, and ranged against the inlets of 



the vertical caliducta, are tiers of iron pipes, heated in winter by 
the circulation of hot water, which warm the air in its ascent. 
Tho warmed air entera the wanls through numerous apertum 
near the ceiling, and the vitiated air is withdrawn at openings 
near the floor. All the vitiated air-ducts are collected into a 
horizontal channel in the roof, which runs the whole length of 
the building, and discharges into a lofty ventilating shaft about 
160 feet in height. The ventilating shaft is wurme<l oy the smoke 
of the furnaces of the hut-water boilers and those of the warming 
apparatus, and by tiers of hot-water pipes in the horizontal 
vitiated air channel The ventilation is mainly effected by extrac- 
tion, assisted by the [>lenum influence of the wind; and has been 
found to range from 30 cubic feet per patient per minute for the 
night ventilation in the coldest weather, to 7S leet per minute for 
day and summer ventilation. There is no restriction upon the 
opening of the windows, which are freely used in mild weather; 
and the comfort of open fire-phices is also provided in the wards, 
the smuke-flnes from which are also conducted into the main 
ventilating shaft. 

The Kent County Prison at Canterbury, drawings of which 
wei-e also exhibited by Mr. Kosser, is wai'raed and ventilated 
upon the system intrwiuced by the lato Mr. Sylvester at the 
Model Prison, Pentonville, and generally adopteil in this coun- 
try. There are however certain specialities of arrangement 
wliich the exhibitor considers improvements. These are — Ist, 
The repartition of the fresh air into district sectional cliannels 
for the service of each floor, in which it is warmed by its own 
series of hot-water pipes, the circulation of wliich may be regu- 
lated or intercepted at pleasure; and 2nd, The increased power 
of extraction which is gained by bringing the vitiated air down 
to the basement of the building, and there drannug it into the 
ventilating shaft, wliich may thus havo a greater working height 
than when it starts from the roof of the building. The poaition 
of the ventilating tire at the bottom is also more convenient and 
accessible than when it is (as is ustml in prisons) placed in the 
roof. 

Of the various kinds of apparatus for heating buildings on a 
large scale, the only complete full-sized specimens were those 
shown by Kosser, Staib, and Gervaia. 

The " Low Temperature Air Warmer," shown by the first of 
tliese exhibitors, is calculated to raise the temperature of 2250 
cubic feet of air 64° in a minute, with an average consumption 
of 14 lb. of coal per hour, and is stated to be adequate to the 
warming of a church or other building containing 160,000 cubic 
feet of space. The apparatus is of the hot-air class, and is con- 
structed of cast-iron, but the inventor states that by the large 
development given to the surfaces exposed to the air, as com- 
paretl with th« internal surfaces which receive heat from the fire, 
the overheating of the air usually incidental to hot air atovec is 
entirely obviated, while, also, no part of the metal to which the 
fresh air has access is in contact with the fire. The extension of 
the exterior surfiice ia accomplished within a very limited space 
by casting deep parallel laminated ribs or blades upon the exte- 
rior of the apparatus — the inner edges only of the blades being 
exposed to the heat, and their flat sides to the air. 

The Cast-Irou Calorifere exhibited by L. F, Staib and Co., of 
Geneva — Switzerland, (.'lass X., No. 130 — shows a remarkable 
similarity to the foregoing in the principle of its construction; 
the extension of the exterior sur&ce being however effected by a 
combination of ribs and angular corrugations. This calorifere 
has a further resemblance to Rosser's, in the mode in which the 
smoke is made to descend around the interior fire-box, and in the 
out-take below the ash-pit. The power of the apparatus is not 
stated, but it exposes, within a space about 2 ft. 8 in. S(iuare and 
5 ft. high, a heating surface of about 140 ft. for a fire grate of 
one foot area, and would, probably, prove in practice a moat elE- 
cieut and economical warming apparatus. 

Another calorifere, by the same exhibitor, although intended 
OS a pedestal stove, to be fixed in the apartment to be warmed, 
may be referred to an combining in an ingenious manner the 
former principle of construction with the use of amoke tubes. 
Tho fire-place is a close cockle or " cloche," pentagonal on plan, 
with projecting flanges and studs to increase the surface and 
throw off the beat. This is surmounted with an upper receptacle 
having recesses on each side, in which sheet iron smoke tubes, 
that start from its hvoer rim, are partly engaged. The smoke 
tubes re-unite over the apex of the upper chamber, and the whole 
is surrounded by a cylindrical case, in which ample provision is 
made for the ingress and egress of the air. The stove exhibited 
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%•!■ apdbie of maiDtaioing the temperatare of an 
" '"" 14,000 cubic feet at 59°; to which it ia no 
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the Pnetimatic Heating Stove, shown by E. 
> af 8l Prtcfsbarg, in the Russian depnrtraent — Class X, 
i— kas attamcted some attention from it« beiug an attempt 
IB the Batiaiii of anbstitiiting (ire-brick and earthenware 
L ia tb* eooatroetton of krge heating apparatnit. Tiie 
Dfai an apparatus on a large scale, c-iiculnted bv the 
tn — intiin a Dnilding containing 130,(H)() cubic feet at 
le of 00' to 66^ Fahr. under -W -le^rtoa of frost, 
lair u intended to be ndmitted at a terupcrnture not 
_ lOOP Fahr^ the highest temfwruttire in the stove itself 
f ISO*, and the smoke cooled dowu before escaping to 145°. 
afftatam consista of a furnace in tire-brick, occupying a 
>af about 300 cubic feet The smoke from the furnace tra- 
■■Iteoeoasly, a horizontal bed of seven earthenware 
9 in. di.'uneter and 9 ft. in length, to a common smoke 
• at the b.'\ck, whence the smoke returns through a lower 
[ ti tbe dame number of pipes to another chamber behind the 
mof; and from thence again, still on the descent, thrcngh a 
^ aad lowest horizontal bed of pipes to the bottom smoke 
' at the back, and then into the chimney. The air to be 
■ aim e d it introduced through ducts contrived in the body of 
brickwork around the furnace, and by a number of inlets under 
Cbr lowest bed of horizoutAl smoke pipes; and the warmed air h 
taUwo off by arched outlets at the upper part of the chamber, 
CTtuned into the brick vault which covers the whole of the 
BppAratus. The ari-angcnient of the smoke pipes is good, al- 
tboagh by no means novel; and bean* a strong resemblance to 
a ajatam patented a few years back by M. de Jong, which it 
imitatw closely in its inadequate appreciation of the necessary 
r»te of ventilation re<|uired in a building of the extent to which 
such an ap[mratu8 would be adapted, and the very insufficient 
provision for effecting it by means of the ash-pit in draught. The 
prictical ditficulties which have preventetl the subslituliou of fire- 
brick or earthenware for iron in the construction of warming appa- 
ratus, are not overwjrae in M. Zemara's Pneumatic stove. The ten- 
doucy of the brickwork of the furnace to fall to pieces, of the pipes 
to craok, and their joints to open, is not countemcte<l or even 
attempted to be ^Miarded against; and the result which has hitherto 
attended all eoutrivanoes of this kind — vie, the mixing of the 
urnoko with ilie air may be regarded as inevitable. In other 
ivHpocts tlM." great bolk of the apparatus, and its cost as compared 
with lh« mnul) smiiller and more efficient iron caloriferes, would 
\h> a Hcriou't impediment to its use. 

A ('alorifer*', « cau chaude et i uir libre, was exhibited by 
A.Uorvaiji, of Paris f France, No. 1129). This is a combined 
ftiiiKiiiiluw for warming air by direct contact, and by hot water 
, I It consists of a cylindric cockle in cast-iron, sur- 

,, V ti double bell boiler in copper, with hemispherical 

„„y,.|,, ; i. I i.ite iron, confining the smoke around the boiler. 
;^i, h I , ,, i;t iron BTuoke-pirie rising from the dome makes 
rVnrioua turns at right angles in the warm air chamber. The 
rhoifl appariituK is inclosed in brickwork, the fresh air being ad- 
llttud (o the chamber at the bottom, at the back of the furnace; 
[whrrti it first comes in contact with the sides of the cockle, and 
I^KiM over the shoet iron dome and around the 
riie boiler has the onlinary tlow and return pipe, 
ng pip»< between the two bells. There ia little to 
ur iif this afiparatus. The cuat-iron cjlfnder is 
i« red hot, while the elTeut of the dome and smoke 
ing the temperature of the already highly heated 
I. The construction of the boiler itself may how- 
I with advantage. 

'<{ boating by hot- water, and of apparatus and 
,( MjifTurniHs, wore exhibited by Perkins, Rosser, Riddle, 
f»mi-*-'Ti, Oray, Meiwenger, Taylor, Gervais, and by the 
I lid Ventilating Company. 

louH high-pressure Hot-water Apparatnp, of 

^v tnr OM well understood from the small full-size 

>i hi* exhibiteil — Class X., 2330 — as it could be 

f, ijn of it in its applifjitinn to tbe most extensive 

I wviitem has been 8" long before the public, and is 

, if if T ' I'tailed der>cri(itiiiu is necessary, 

!■ lis of the low temperature Hot-water 
1 !it" Mr. .John Sylvester, in which the 

,. [ iH made use of to obUiin a conside- 

f»i/./ ,.1.^.. .uii"-*- u. UiL .wmc space than can be tlouo by the 

I 
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ordinary round pipes; as well as presenting tboae aur&oaa to tin 
air in a position more favourable for the transfer of tbetr b«a& 
A further extension of the same principle is seen in thebot-wat«r 
or steam-stove of the aime exhibitor, which is simply a verlicsd 
cylinder of cast-iron containing hot-water, or - 
exterior circumference of which a series of radir: 
ject and expose a large surface to the air. 

The Apparatus shown by the London Wanning and T« 
luting Company — Class X., 2411 — pushes the same principle 
an extreme. Tlie close series of pandlel plates which »)« cast i 
their hot- water pipes have far too large an extension 
diffusing, as compared with the recipient surfaces, to yit 
ellect proportioned to the increase in cost; as long as the i^ 
of the pipe is not above the temperature of hot water or i 
steam. For surfaces in direct contact with a close fire the 
ment would be good. 

Mr. Weeks and Mr. Ormsou both exhibited hot-water appa- 
ratus. The first-named exhibitor (Class IX., No. 22ul) shows'" 
his well-known vertical tubular boiler, in which a very 
surface is exposed to the action of the fire. One would ibii 
that the special advantage or defect of these boilers — viz., th 
of their being quickly heated and quickly cooled, woa 
be leas applicable for greenhouses, &a, where they are chi 
used, than a form of boiler which, by containing .t ' 
of water, would give greater permanency of ten 
tenacity with which the Chelsea hot-house builiiti.-' n 
form would seem however to argue that its recommendations m 
greater than would at first sight appear. 

Mr.Ormaon — Class IX., No. 21bO — also sent a Verticd TuhoUt 
boiler, which ditfei-s in no essential respect from Weokft's, 
that none of its joints are expose*! to the fire. OrmsonV 
frame is an elegant modification of a familiar arrangeme 

E resents a large heating surface in a small compass. The vmUli 
ot-water apparatus of the siame exhibitor, which waa to bfi 
in his very beautiful conservatory, erected in the court of tJiei" 
east annex, is simply a series of water-boxes placed at inl 
on a line of pipes; the cold air from the exterior being adi 
iuto the house through the boxes, which however, have nc 
iuteriur surfaces well disposed for wanuiup the air, while 
occurrence at frequent intervals must eeriou.'sly retard the cirfuli- 
tion of the water. 

Uray's Improved Oval Tubular Boiler — Class IX., No, Sllft 
is another Chelsea boiler, and we presume is made oval for 
sake of a difference. 

Taylor & Son's Double Chamber Boiler— Class IX., No. 21JH- 
ia a modification of the common Nuldle-boiler, having a retur 
tluo from back to front over the furnace, and is made wiili 
recipient surfaces either plain or corrugated. A horizontal luhu 
boiler, looking like a skeleton of the other, waspiobably inteuJ 
to have a division of fire-tile between its upper antl lower (Mirts, i 
as to assimilate the course of the draught to the action of 
former boiler. All the London hot-house builders who wei« i 
hibitora of hot-water appjinitus, seem to have taken to the asei 
the Sylvester Furnace Door, which they however manufnctar 
in a way that detractt much froniiits special recommendations. 

By far the beat of the horizontal tubular boilers was th.it $hoi 
by T, G. Messenger, of Ix)ughlKirongh — Class IX-, No. i'151- 
This boiler is composed of triangular tubes set near !■ 
horizontal beds, and so disposed that nearly ^ of the \ 
expose)! is effective as recipient surface. Tbe horli*'!" 
pij)e terminate at each end in water-spacee which > 
with another. The fumace-bars are hollow, as i 
Chelsea boilers, but triangular in section, and thereiore bet 
dispose)! fur the retention of tbe fuel, an«l for feeding it with ail 
The return-pipes are connected to the water-box at the 
end of the furnace-bars, from which he ascending current roof 
simultaneously through tiers of pipes at the sides and top* 
furnnce to the back, returning by a second bctl of pipes ov« 
the fire to the flow-pipe, which comes out in the front The' 
objection to this boiler seems to be the retardation of the drcoli 
tiim in pnssing through so many turns in the pi^^w, ajjd the i 
sequent tendency to the generation of steam — a serious iii( 
venience in hot-water boilers, 

Horton's Patent Locomotive Fire-box — Class VIII., No. 186S- 
would also be well adapted for a hot-water boiler. 

Harrison's Cast-Iron Boiler — Class VIII., No. 1S77 — altboo 
more expressly intended for use as a steam-boiler, scema a{ie&> ' 
cable to hot-water apparatus. It may be described as eonaictiOf 
of any number of hollow spheres, with slightly proJecUbg uc^ 
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inga, turned and bored to fit into one another, and hold together 
iu rows by iron bolts passing through each range. The rowa are 
■«t at micb an inclination as to allow the particles of steam or 
beated water to rise without interruption from each lower globe 
to the next upper one. 

Riddell's Slow Combustion Boiler— Claas X., No, 2397— seema 
suitable fur small apparatus. It consiBts of a doable cylinder, 

ftlaced in a vertical position upon a solid bed of fire-brick. The 
ual is snpplie<l at a door or lid on the top, the fire being fed with 
air, and the ashea removed by a small sliding door at the bottom. 
By moving the latter to the right or left, jwrfect control over the 
combustion is attainable. 

The Double Bell Boiler of M. A. Gervais has been already 
referred to. Another by the same exhibitor, styled the "Ther- 
mosyphoD Boiler," was probably the best article of the kind in 
the Exhibition. This boiler, which is made of copper, may be 
described as a saddle boiler, with reverberating chamber at the 
back, from which tha O.ime works by an internal 3.ue to the 
front, returning by an upper fluo again to the back, where it 
descends within the body of the boiler to an out-take at the 
bottom. The furnace, Sued, and chambers present an extended 
heating surface, while preserving a considerable section for the 
draught 

The Drawings of the Warming Apparatus at St. Atigustine's 
Prison, Canterbury, already referred to — Class X., No. 23!)9 — 
show boilers on a very similar principle of construction, but 
having a more fully developed reveiberating chamber, and only 
one internal £ue, the smoke completing its circnit outside the 
boiler, which is of a waggon shape. Both this and the preceding 
form possess the great advantage of utilising that part of the 
heat, which with boilers having through flues is expended against 
the brickwork at the back. For extensive apparatus they will 
be very economical, particularly where long ranges of hot-houses, 
&C., are to be heated from one boiler. 

In connection with hot-water apparatus may be mentioned the 
new method of joining water pipes, exhibited by V. Delperdange 
— Belgium, Class IX., No. 310 — The joint is formed by a band of 
vulcanised india-rubber, which is slipped over the beads of the 
butting ends of the two pipes to be connected, npon which aa 
elastic wrought-iron collar, having on its inside a groove corres- 
ponding to the width of the two beads, is tightened by a bolt and 
nut. 

For the removal of condensed water from steam heating appa- 
ratus, the Steam Traps of Schflfer and Budenhurgh — Class VIII., 
No. 1316; and of Phil) ipson— Prussia, Class VIII,, No. 1314— 
would be found useful. Thoy differ somewhat from the construc- 
tion hitherto adopted in this country, and appear likely to main- 
tain their action under steam of any pressure, fiowden's Steam 
Trap, shown Class VIII., No. 1851, was on the ordinary 
oonstrucUon. 

Among mechanical appliances for effecting forced veatilatioa, 
there were exhibited a considerable number of fans, on the cen- 
trifugal principle, by various makers, of which none appeared 
better than Lloyd's Noiseless Fan— Class VIII., No. 1913. 

Schiele Patent Ventilators, and Exhaost Fans, manufactured 
by the North Moor Foundry Company — Class VIII., Na 1948 — 
appeared to possess considerable advantages. 

Lemielle'a Blowing Machine — France, Class VIII., No. 1135 — 
differs from the ordinary centrifugal machines, in drawing in the 
air at the opposite side of its periphery to that at which it is 
I discharged. It consists of two cylinders of different diameters 
^oed eccentrically one within the other, the smaller cylinder 
turolug on a fixed axis; the space between the two cylinders 
being occupied by movable flaps which assume different degrees 
of inclination as the inner cylinder revolves, and thus acting as 
pistons or valves in forcing the air forward. 

A well constructed Fan, on the centrifugal principle, was to be 
'Men near Lemielle's machine in the western annex. A disc in 
the vertical centre of the fan separates the inhaling apertures on 
each side, while the spaces between the blades are preserved of a 
uniform section throughout, 

Dr. Heger claims for his Ventilator, already referred to in 
speaking of the heating and ventilation of the new Military 
I'flospital at Vienna, that its principle is new. The small ma- 
chine of this kind, exhibited in the western annex, may be 
['described as a pipe within which a set of files like those of a 
•moke-jack are made to revolve transversely to the direction of 
'the pipe, by a strap passing over a pulley on their axis. A act of 
fizea vanes oorrespoading to the movable flies is placed on tlie 



inhaling side of the machine; the central portion of the tube 
from the axis to the inner circle of the vanes being occupied hy 
a sort of conical boss, which fills up the dead space apd prevenus 
the formation of eddies iu the air current. 

Howorth's Self-acting Archimedean Screw Ventilators, (Class 
VIII., No. 1889; are intended to be put in motion by the foi-ce of 
the wind acting upon a turncap, in the neck of which the 
Archimedean screw is fixed. Itisdifiicult to see what advan- 
tage this contrivance possesses over a common cowl, in discharg- 
ing the air, while like the common cowl its etiicacy diminishes 
as the velocity of the wind decrea.se& When the screw is turuetl 
by machinery, the discharge of air would be more free by the 
opening in a common conl than it would generally be through 
the slits in the revolving lantern. 

Of coutrivances for facilitating natural ventilation, few pos- 
sessed any novelty. The glas.4 louvred Window Ventilators of 
Mr. Ramage — Class X., No. 2333— are in very general use. Mr. 
McKiuuell — C-lassX., No, 21393 — showed several modes of applying 
his Concentric Ventilators. Mr. W, Cooke — Class X., No. 2379 
— had a wire eauze folding blind for fixing between the anah of a 
window and the frame, which, being attached to the upf)er rail, 
is drawn down with the sash, and interposes a wire gauze screen 
excluding dust and deflecting the current of entering air. Also a 
box for fitting in openings in the wall, ooutaiaing perforated zinc 
screens, inclined at various angles. 

In coucIu.sion we would recommend, to all concerned in the 
practice of ventilation, the excellent instrument for determining 
the velocities of air currents, manufactured by Mr. J. Daviaof 
Derby, and shown iu Class XIII., No. 2ti91. 
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On the Importance of Econommng Fuel in Inn-Plated Ship* 
of War. By Edward Ellis Allen. 

The object of this paper is to point out the very great im])or- 
tanoe of economising the consumption of fuel in iron-plated ships 
of war, and to show how this may best be done. It is a subject 
which has been sadly neglected, notwithstanding these vessels 
have to be constructed to carry several hundred tons additional 
weight, even when only partially protected. 

Tlii.'? increase of weight has been met to some extent by reduc- 
ing the number of days' fuel carried; so that instead of these 
vessels coaling for fourteen days, which, in the opinion of most 
persons, is the least they should do, the quantity has been reijuced 
to considerably less than one-half. With bad or indifferent coal this 
time would be reduced to perhaps four days' consumption when full 
steaming, i.e., when the engines are working up to, say four times 
their nominal power. Moreover, the high rate of speed considered 
desirable for these vessels necessitates a corresponding increase iu 
the power of the machinery, which of course, under any circum-j 
stances, involves an increase in the fuel consumed, or, in other 
words, reduces the time during which a given quantity of fuel 
will last. 

Further, it is highly probable in future wars ^reat despatch 
will be necessary in moving vessels from one station to another, 
not only from the fact that for many years to come there will be 
comparatively few iron-cased vessels in the navy, but also from 
the increased rapidity with wliich warlike pieparations must be 
made. This also will tend to increase tne quantity of fuel 
consumed. 

Even in time of peace it will be difficult to reconcile ourselves 
to war steamers going far under sail alone; and when the whole 
of the workiug expenses of a large ship of war are taken into 
account, it may be the more economical course to put her in com- 
mission 80 many weeks later, and Uieu let her steam to her 
destination. Indeed, it cannot ba doubted, that the same causw 
which have operated in supplanting sailing vessels by steaotors 
will also induce the use of the steam power more aud more as 
time advances. 

There are thus several important reasons why every effort 
should be made to economise the consumption of fuel iu the ships 
of our new iron-plated fleet — viz.. Additional weights, increase of 
speed and distance to be steamed, increased despatch in moving 
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from stAtion to station and of time during which steam power 
will probably be used even under oi-din«ry circutDStances, and 
increase in the cost of coals owing to the ooniinually increasing 
size, power, and naniber of Bteaiu ships ia the Koval Navy. 

To theac reaaoos for ecouotuiaing fuel we mny add: the univer- 
!*.! deficiency of boiler power iu shipa of the Royal Navy, 
uecesaitating a relative increase of apnce being allowed for thia 
portion of the ninchinery; aa also the iact now generally admilled 
that much smaller vesiiela than those firdt constructed will l>e 
necessary iu order to constitute an efficient fleet; these amall 
ve^geln being of course as thickly plated as the very largest, if not 
ntoi-e.«o, on account of their speed being considerably less. From 
the particulars given iu the accompanying table (page 392) it may 
be stated with autiicient accuracy that iu most of onr iroa-pluted 



We are nevertheless totJ, tliat in all, or nearly all OMes, sevett 
daya' supply is provided, but thia can only be on the suppoaition 
that the engines are not intemled to work full power the whole of 
tiie tiiue; indeed, with the ordinary boilers used on board war 
steaiucra, this is not possible, for it is well known that full steam 
cannot be kept for more than twenty-four hours together. 

The verj' great increase of power neceaaary to propel any given 
vessel At an increased speed renders it a matter of some difficulty 
to obtain a rate of speed in the iron-cased ships such aa that 
lielieved to bo desirable, or rather necessary, by those competent 
U) jiKlge. If a certain power be necessary to drive any given 
veiwel of good form at 10 knots per hour, then to increase the 
.Hpeeil of the same vessel to 1:2 knoUs will require nearly 
double that' power; to increase it to 14 knots the power must 
l>e nearly three times as great; and to iDcrea!>e it to 16 knota 
the power will requite to be more than quadrupled. The 
estimated speeds of our new ethips of war, even in smooth water, 
are considembly less than those thought necessi^ry at j<ea by uaval 
men and many others, and the diU'ereuoe ia aa much as 1^ to 3 
knots per hour. 

Six i>f the largest vessels are estimated to attain aboot 14 
kuota per hour; live of them ab .at 12 kuoia; two of them about 
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ships the weights of the three items, viz., the armonr plating, the 
machinery, and the fuel, are very nearly equal, and that together 
ihey constitute about one-third of the total displacement, i.e., in 
vessels plated anudahips onlj*. Marine engines of good construc- 
tion, when working full power, exert a force, when measured by 
indicator, considend)ly awive their nominal power; and it ia a 
rtde with the Adniimlly that all engines supplied to them shall 
work up to at least four times thia nominal power. Now the 
averrtjje cuusumptiou of fuel iu marine engines of the ordinai-y 
but best construction being about 4^ lb. |^>er indicated borse 
power i>er hour, it follows that a nominal horse power requires 
aliout 4 cwt. of best conls in the day of twenty four houi-s, so that 
a ]iMKi hoise power engine would consume st'raething like 2tKl 



tons of coal per dj«y when working full jx>wer. Comparing thia 
quantity with that fur which stowage is given in the iron-plated 
snips of the Boyal Navy, it will l>e seen that the best of ttiem 



<s»rry no move coal than would serve them for about four days' 
full ateuming. 



11} knots per hour; four of them about 11 knots; one aboa 
lOj kntts, and one only i^^ knots; and in the vessels tried evea 
these speeds have not been attained; whereas 15 knota per boor 
has been vi^ry generally assigned as the speed below wnicb onr 
new iron-pLitea ships of war should not ne propelled when at 
sea. In favour of such a speed we have the opinions of Mr. Scott 
Russell, Mr. Samiida, Captain HalAtetl, C'ominmtder Oldtnixun, 
Adritind Moorsnm, uud many others. 

With regard to the distance which sach vessels should be able 
to go wiihr.nt recoaliug, we have the nifst distinctly expressed 
opinion of Mr. Scott Russell and Captain Ualsted, as well as tboM 
who have commented upon their views, that AOOO miles should 
be tiie miniinuni, whereas none of our ships oould, with their 
onliuary supply of coal, go one-third of that distance. 

With respect to the increased cost of coaling the ships of the 
Royal Navy, it will be found that the charge on thia head ia now 
over £;iOO,uO<.i per annum, and in war time more than double the 
ordinary amount is expended. What shall it be, even iu times of 
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owoe, when a fleet of iron-cased ships of the Wjirrior class shall 
have been formed ? We may indecii view with some alarm the 
amount of this item in the naval estimates of future years, uuless 
aometliing be done to diminish the consumption of fuel iu marine 
eugiues. 

Begarding the necessity of economising fnel in ships of war, on 
account of the insufficiency of boiler power at present allowed, it 
will l>e only necessary to quote the opinion of the present Sur- 
veyor of the Navy, expressetl by hira when in charge of the steam 
reserve at Portsmouth, in 1858. He says: — " As mr a« my expe- 
rience goes, no ship of any class or with any maker's engines has 
sufficient boiler space; there is not one of the niultitudea I have 
tried that has steam enough to keep' the throttle valve open for 
two honrs. The steam drops directly the vessel goes over 9 knots, 
and this nut in one or two, bnt in all without exception. . , . 
Nothing iaao wasteful of fuel as too Hmal! a boiler: intense firing 
and incomplete combustion of the fuel is the inevitable result of 
trying to keep np steam tn such a case. . . . Not a step is 
made in the right direction of obtaining speed and economy until 
more attention is paid to tlie proper proportion between the 
quantity of »team iised in the cyliudera at each stroke, and the 
qu.mtity remaining in the boiler." j 

He says that CiX> horse-power boilers should be used where 
4.00 horse-power boilers are now employed, and the shipa would 



steaming, but the speed with which we arc tn be satisfied is an 
' ' estimated " one of 9i knots only. What will this be as an 
average at sea 7 Possibly not over 8 knots. 

£nongh has now been said to show that economising the con- 
sumption of fuel in irou-phUed ships of war is a subject of the 
very gravest importance; and although this will be admitted gene- 
rally, and, perhaps, by none more readily than by the authorities 
of the Adtuiralty, it appears practically to have received far less 
attention than it deserves. It is hardly saying too much when 
we state that conl is the only item in which weight can be saved. 

It hfls been long known that many vessela in the merchant ser- 
vice h.nve beeu working now for some yeai-s upon jyst one-half of 
the fuel consumed in ships of the Royal Navy. La proof of thia, 
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go faster, not perhaps rash past the meaaored mile quicker, but 
in a chase of four or five hours. 

Tlie t'oromittee on Marine Engines, reportirg upon this and 
other evidence, observe: — "From the evidence taken by the com- 
mittee it appears that in generrd the boilers supplied to our men- 
of-war are deficient in genemting steam, and that full sjieed in 
oopsequcnce can only be maintained for a short time. Now the 
remedy of that defect must necessarily involve the whole question 
of the arnoinit of space that can be allotted to the boilers; the 
committee, therefnrp, consider that they need not enter into 
ftirther detnilR, and that they do their duty by simply, and with- 
oat comment, bringing the questimi before their lordships." 

Of the last rensou named for encouraging economy of fuel, no 
better illustration can be given than that of the Enterprise, the 
first small ship in course of cnnstniction by the Admiralty, plated 
with armour. In this case the employment of onlinaiy machi- 
Dery (excepting having surface conilensprs) not only necessitates 
the quantity uf fuel taken being reduced lo a very few duytt' 



although evidence is abimdaut, it will sufifiee to give simply the 
opinion of Mr. Charles Atherton, lateChief Engineer of Woolwich 
Dockyard, and that of Mr. Andrew Murray, Surveyor to the Board 
of Trade. Mr. Atherton, in a paper read before the British Associa- 
tion, three years ago, says, "I believe the orflinary consumption of 
fuel iu ateam ships of the lioyal Navy is fully 5<i per cent, in excess 
of the amount of 2j lb. which has been practically realised on con- 
tinuous sea service." 

Mr. Miirnv^, in his paper on " Means and .\ppliance8 for Econ<v 
mising Fuel m Steam Ships" (read in March, 1860), says: — "It h 
hoped and believed that the day is iiot far distant when the avei*- 
age consumption of marine engines will he reduced to nearly one- 
half of what it uow is. In Cornwall, ninety millions of ptmnds 
raisetl one foot hi.srh iu nn hour by a bushel (or 94 Ib.^ of coal is 
considered fair work for a good steam engine, which corresponds 
to nearly -2^ lb. of coal burnt per indic-ated horse power per hour. 
It is not likely that this degree of economy can ever be pcrira- 
neutly main rained at sea; but if our mainne engines ono be 
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indaced to content themeelres with 3 lb. or even 3| lb., tius will 
Rtill be » vast improvement on their present arera^ cooaump- 
tion. ' What this ia be states in his work on Steam Ships, in 
these woida: — "The more usual consumption of modem marine 
engines varies from 4 ib. to 5 lb. per iudicateil horse power per 
hour, and the average consnmption of all classes cannot be less 
than 6 lb," 

It may be here observed that the Admiralty returns contain no 
statement of the conaumption of fuel of ships of the Royal Navy; 
but this omissioQ having been complained of for many years past, 
the Committee on Marine Engines recommended that the con- 
sumption of coal per indicated horse power, as well as the quality 
of coal and evaporation of water, should be given in future. 

The fact of vessels running continuously on h.ilf the fuel con- 
sumed in Government vessels ia now well known, as are alao the 
principles of conduction on which this important saving is made. 
They may shortly be stated as follows: — 

1. Proportionate increase of boiler power. 

2. £xpan8ion of the steam to, say 5 lb. pressure. 

3. Jacketing the cylinders. 
4 Superheating the steam. 

5. Condensing oy surface instead of by jet; and, 

6. Heating the feed water. 

And all this may be done without increasing the pressure of 
steam above 20 lb. or 25 lb., although the higher the pressure of 
steam, the greater the economy of fuel. 

It is difficult to assign the exact proportionate value of each of 
these six modes of economising fuel, as they have seldom, if ever, 
been so far separated as to admit of correct deductions; but, taken 
altogether, thore ia now no doubt that tjO per cent may be saved 
in the ordinary consumption of fuel. This saving has been prac- 
tically effected in several vessels where tlie principles above stated 
have been carried out. . 

Id the early part of 1855 the author read two papers at Bir- 
mingham ou "The Commercial Economy of Expanding Steam in 
Marine Engines," and described several new forma of engines 
salted to this purpose, and ever since that time has endeavoured 
to direct the attention of steam-ship companies and owners, as 
well as that of the Admiralty, to the subject. 

In 1858, he forwarded detailed drawmgs of engines to the 
Admiralty, the designs being made with a view to effect a very 
large aavLng in fuel One of these was that of oonoentric cylin- 
ders, with three piston rods and cross head, the two outer rods 
being carried to a guide block from which the connecting rod 
wna returned to the crank; this arrangement being precisely that 



adopted in the Swedish gunboats, and fiDr which a medal has been 
awarded to the maker in the E.xhibition. 

In the early part of the preeent year he again adddresaed the 
Admiralty, calling their attention to this subject, and requesting 
the favour of an examination of the engines constructed on his 
patent of 1855, by Messrs. J. and G, Rennie, and which may be 
dencribed as double expansive edd-to-end cylinders, the small 
cylinder beiue placed at the back of the large one, motion being 
communicated to the crank by means of double piston rods (Figs. 
1, 2, and 3). Even this arrangement has it appears been recently 
tried on one of the Swedish vessels of war, the reaulta of working 
being, it is said, very satisfactory. If therefore, the Swedish 
engineers have not the faculty for designing economical Barine 
engines, they may at least take credit for duly appreciating what 
others do, and in this rrapect are considerably in advance of 
some of the engineers of our own country, 

In these several applications to the Oovernmeut, the object was 
to show how the expansive principle could, in the author's opinion, 
be best carried out in ships of war, fuldUing the necessary condi- 
tions of such veaaeU, i^., of keeping the weights down as much as 
possible, and the machinery below the water level. 

He showed in his papei-s, that the suggested alterations in 
marine engines could be made without either adding to the gross 
weights carried, or to the spac*? occupied iu the ships, and that a 
very considerable saving of coal would be the result; increased 
capacity of cylinder to allow of full expansion of the steam 
being, of oourae, under every possible amngement absolutely 
neceaaary. 

One of the forms of marine engines suggested by him in 1 855 
has lately been adopted iu the case of the Poonah'a engines, now 
building by Me^Hrs. Ilnmphrys and Tennant, the small and 
large cylinders being placed end to end, aa above described with 
reference to the engines made by Messrs. Bennie, but motioa 
being given to the crank shaft by means of a trunk working 
iu the large cylinder (Fig. 4). 

For these several forms of double expansive engines may be 
cbimed mauy advjujtages, which are shortly these: — 

1. Ca[^>ability of fully expanding the steam witliout the use of 
expansion gear. 

2. Great uniformity of motion, by reason of the steam from 
the boiler acting upon a comparaUvely small area, not preanng 
upon the large pistons until partially expanded, 

3. Saving of considerable weight, on account of the strength 
of the connecting rods, piston roda, &;c. being only uecessarilv 
proportioned to the pressure of the initial steam oa the smafl 
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piston and the expanded Bteam on the large area, inBtead of the 
initial steum oa the latter; or rather, upoti a coiisidenible exteo- 
sioQ of it, as in the case of a single acting cylinder designed for 

Seat expansion, its area roust be greatlj iucreaseil, the stroke not 
ing capable of being lengthened. 

4. Considerable saving of steam, owing to the loss in the clear- 
ances in the Biiiall cylinder being much less than that in a 
very large cyliuJer, the loss in the latter case absorbing a large 
percentage of the steam, 

5. The cylinders being in line with eAch other, no increase 
in the number of piston rods, connecting rods, or guides is 
oecessary. 

6. That practically all the advantages of a long-stroked engine 
are obtained without increasing the stroke, and which cannot 
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be done, owing to the speed of revolution of m 
engines being necessarily high ; and, 

7. That by fully expanding the steam, a far less quantity 
suffices for the production of a given power, this allowing 
of the boilers being reduced a third or a fourth, still leaving a 
large proportionate increase iu boiler power compared with the 
steam rwjuired. 

It wilt be readily admitted on all hands that very considerable 
difficulties would be fouud iu making ordinary marine engines 
fully expand their steam, au increase iu the capacity of the cylin- 
der of from two to three times being essential. 

At present the shape of the cylinders of marine engines 
approaches to that of those of rivetting machines, the diameter 
being fretpiently two and a hnlf times the stroke; whereas iu 
pumping engines, in which economy is studied, the cylinders 
AMume an entirely diH'ereut form, their length being three times 
their diametex; as shown in Figs. •'} and 6. which represent cylin- 
ders of equal capacity, the former similar in shape to those of the 
1350 hoi-ste power engines constructing for the largest iron-plated 
ships, and the latter the cylinder of au ordinary pumping engine. 
Indeed all engineers adroit that, in very short cylinders, i.e., 
single acting ones, economy is out of the question. It is there- 
fore greatly to be regretted that in oar iron-plated ships, even in 
those of the largest class, the same form of engines has been 
adopted as was employed fourteen years ago, notwithstanding 
Mr. Atherton, the late engineer at Woolwich Dockyard, stated 
■oma years ago that "double expansive engines ought to 
be tried," especially as saperheating of the steam had been 
carrie<! out 

Mr. Murray has rather severely remarked upon "the plan 
adopted by the (toveranient of contracting for their al^am 
machinery with only a few favoured and old established houses;" 
and states that this, "though perhaps justifiable in other respects, 
has undoubtedly tended to promote conservatism in marine 
engines, and to repress innovations and improvements .... 
oompetitiou being scarcely roused into action. ... In the 
case of those mounracturers .... however, who are de- 
pendent upon the custom of the great steam shipping companies, 



and other private owners of steam vessels, who have a strong 
interest in this question, there exists an active competition, and, 
consequently, a powerful inducement to improve upon the 
economical performance of their machinery. We find, accord- 
ingly, that it is this class who have lakeu the lead in th« steam 
reformation which has recently set in." 

The practicability of saving sc great a percentage of fuel being 
now so well known, how is it, that the whole of our iron-cased 
fleet at present in existence or ordered, are doomed to consume 
doable the amount of fuel which is necessary? 

In the twenty-six iron-casetl ships constructed and constructing, 
a force of no less than 18,3110 nominal horse power is to be 
employetl; and when working full power every day will witness 
an unnecessary consumption of upwards of 1700 tons of coal, 
which, on foreign stations, would certainly 
amount to more than X-WOO sterling. 

This losis is, however, not what is to be 
roost i-cgrctted; but rather the fact that our 
iron-cased fleet, the largest vessels of which 
are to cost upwards of i,'3S0,00O each, and are 
provisioned for four months, should only carry 
coals enough for from four to five days' steam- 
ing. It is surely a sad pity that tlu^se vessels 
should have to creep into port every time 
after steaming say 2<t00 miles, or else waste 
days, and perhaps weeks, of valuable time on 
full commiaaion pay, in attempting to reach 
tlieir destination by the use of sails. If it be 
maintained that the quantity of coals carried 
is sutficient — which the Admiralty authorities 
would hardly acknowledge — even then, is it 
not belter to increase the armour plating, ur 
the 8pee«l of the vessels, by reducing their 
draught or increasing the power of the engines, 
rather th.-An carry an nQnecesBary quantity of 
expensive fuel ? 

It is now certain that the speeds of the 
W^arrior and Black Prince are much below 
what was autici|)ated: and even if a speed of 
14 knots were obtained, under the most fa- 
". vourable circumstances of clean bottom, 

clean tubes, and fair weather, this would be reduced to about 
twelve knots at set, running days together; and this is no less 
than three knots below the speed that has been cou.sidered neces- 
sary. Again, if the present quantity of fuel cariicd bo enough, 
the engine power could be increased some 40 per cent, without 
increasing the draught of water, and still allow of ihe same 
number of days' fuel. This increase of power would increase 
the speed about one knot and a half per hour, which cannot be 
regarded as a matter of slight importance. 

With these facts before us, the question arises, are we justified 
in continuing to employ engines of the ordinary kind iu our iron- 
plated ships of war'/ In considering this matter we must be 
careful not to confound the excellency of workmanship of govern- 
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ment engines, which is all that can be desired, with correctness 
in the principles upon which such machinery is made and 
worked. 

The wasteful expenditure of fuel in all vessels having ordinary 
but first-class machinery, arises of course from the principles 
upon which it is made and worked being faulty; such us filling 
the cylinders three-parts or seven-eighths full of'^ steam, and only 
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•xpkodiDff Id tho reouiDiDg spAce; coudansing by jet; not super- 
IwRtia^ t£e atoam or heaiiog the feed water; confining the boilor 
•pace m proportion to the steam used (although thia apace is 
muob greater than required under improved conditions); not 
JAcketing the cylinJers; and iinallr, u^ing abort-stroked single 
•exjKonsive engines. No amount q{ excellence m workmanship 
CMft ever mako up for this total disregard of every principle which 
♦raariouce has shown to be necessary to economical working. 

Our present navy consists uf vessels in which there is a nominal 
power of upwards of '142,000 horses, distributed in about the 
following proportiona: — 

Horse power, 
Slu|)a in commiasioa ... ... ... tlO,000 

Do. inordinary ... 61,CM)0 

Do. used as tranaporte, fcc. .. 13.000 

Do, (new iron -pliied) and batteries .. . . 18.U0U 

Total 142,000 

The ultimate extent of our iron-cased fleet, of course, is not as 
yet known, but taking the very moderate estimate made by 
Atr. Scott Russell, we have yet engines to provide to the extent 
of at least 60,000 horse power, making a gross power of 200,000 
horses. Asanming that one-half of these veBsels are in commis- 
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aion in time of pence, the daily consumption of coal when working 
full steam would be over 15,000 tons at the present rate per 
indicated horse power. Now ships in commission may be fairly 
as8ume<l to be one-third of their time under steam, say two days 
per week, or 100 days in the year. They will probably be half 
this time under easy steaming, and the remainder three-quarters 
and full steaming, and will consume from 2| to 3 cwt. of coal per 
tLiy, or 1 4 tons per annum per nominal horse power, or for the 
whole of the ahipe in commission about 1,400,000 tons per annum. 
Thi."? is, then, what we may look forward to in the navy returns 
in future years of peace, i. e., if the present consumption of fuel 
Ije maintained. It is just half this quantity which experience 
has now fully proved may be saved by a modification in the mode 
uf couatructiug and working marine engines, and it is to the cost 
of this quantity, which could be saved, and the advantages 
arising from its absenc« in the vesacU, that attention ia now 
invited. 

Applying the same calculations to the engines of the twenty- 
six iron-cased vessels made or oi-dered, or omitting the floating 
batteries and some of the vessels in ordinary, it appears more 
than probable that had these vesitels been fitted with improvoil 
machinery, a money yearlysnving would have been made sufficient 
to purchase at least one iron-cased vessel annually, from saving 
in the consumption of coal. This gain, it must be rememberetl, 
is quite <listinct from the other numerous advantages which have 
been ret'eired to, and of which no estimate can be made; the very 
existence of the ships being perhaps jeopardised by either want 
of coal or want of speed. 

Thia saving of fuel, whenever brought about will, without 
question, give us one or other of the following advantages, in 
addition to the money saving, viz. — 

Increase of armour plating 50 per oeut.; or, 
Increase of speed to the extent of one knot and a halfj or, 
Increase of number of days' fuel to double what it now is; or. 
Diminished draught to the extent of 8 in. to 12 in., according 
to the vessel. 
Thus enabling us to have armour-plated vessels of comparatively 
very small tonnage. To all this we must not forget to add the 
loss of time, expense, and inconvenience of frequent coaling when 
only five to six days' supply are carried; and again, the cost and 
labour of trimming the coals, and ieeding the furnaces with double 
the quantity which would be needed with good double expansive 
engines. 



It ia hoped that these considerations will induce the Lords of 
the Admiralty to turn their attention to the ad^'antages of work- 
ing steam expansively in the vessels of the Hoyal Navy, not 
ainiply as it has hitherto been done, and when the power ia pro- 
portionately diminished and no saving effected, owing to the 
machinery not being adapted for expansive working, but cod- 
atantly and regularly in ordinary working and under proper 
conditions, when ita advantages would be at once experi- 
enced. 

In conclusion, it ia only fair to mention that soon after the 
appearance of the report of the Committee on Marine EninnrF. 
recommending that the number of contractors for Govern u^ ! '. 
engines should be increased, and that the best engines ahouitl L^ 
adopted in ships of the Koyal Navy, bv whomsoever proposed to 
be supplie<l, orders were i8sue<l for tnree pairs of engines de- 
signed to work with less fuel than usual. Messrs. John Penn 
and Sou supplied a pair of large trunk engines, with surface 
oondeusera; Mesara. IVIaudslay, a three-cylindered arrangement, 
also with suriace condensers, designed by Mr. Sells; and Meaara. 
Randolph and Elder, a six-cylindered arrangement, also with 
surface condensers. Neither of these vessels have aa jet been 
fully trie<], the results however being anxiously looked for by 
engineers. 

Considering the nature of these three plans, which, with the ex- 
ception of the trunk onjriues, involve considerable complexity, the 
trunk and three cylinder arrangements being, moreover, single 
expansive engines, it is very doubtful if the results can be alto- 
gether satisfactory; and certainly cannot be so far so as to warrant 
experiments stopping at the point at which they have now 
arrived. Trials should at least be given of such other arrange- 
iij< uts as appear likely to give favourable results. 

The double expansion end-to-end cylinder engines proposed by 
the author, in 1855, for ships of war, having now been very ably 
worked out by Messrs. J. and G. Rennie, and, it is understood, 
been favourably reported upon by the inspecting engineer of the 
Admiralty, who was instructed to examine them; it ia hoped an 
opfiortunity will shortly be afforded of testing their suitability 
for her Majesty's ships; the success of the principle of double ex- 
pansion being already fully established, and I^Iessrs. Bennie being 
prepared to guarantee to the Government that the consumption 
of fuel shall not exceed 2 to 2^ lb. per indicated horse power per 
hour, or half the ordinary ctjn.suuiptiou. To the general intro- 
duction, however, of so radical a change in the construction of 
marine engines for the ships of the Royal Navy, a thorough con- 
viction of the im])ortanoe of economising the fuel seems esventlAl, 
and it is hoped this will be found to have been somewhat pro- 
moted by the present paper. 



On Rifled Guru and Projectilea adapted for Attacking Amwir 
Plate Defences. By T. Aston, M.A. 

As it ia now an admitted fact that naval warfiu^ will be carried 
on by iron-clad navies, it haa become an imperative Decessitv 
that the Navy of England shall henceforth be armed witn 
artillery adapted for attacking the new armour-plate defence* 
which all nations are hastening to adopt. The superiority whicb 
defence so suddenly acquired over attack, by simply putting on a 
coat of armour, threateue<l to upset uot only the theoretical but 
the practical tactics of modern warfare. The necessity of improv- 
ing the means of attack, so aa to restore as far aa possible the 
disturbed equilibrium, was obvioua to every one; and the contest 
which has been carried on in tbia country for the last two or 
three years between the attack of improved artillery and the 
defence of improved armour-plates, has been watched by all of n^ 
with the greatest interest. From a scientific point of view, with 
which we arc on this occasion more imme<liately concerned, th<e 
subject was one which engaged the attention of e^ome of the 
keenest and moat experienced intellects of the country; these ou 
tho one hand giving practical aid ou the side of defence, those on 
the other devoting their best energies to restore attack to what 
must be considered ita normal ]K>sition of superiority. For n 
long time, for too long a time, the defence jKopIe had much tf ' 
best of it. Under the energetic superinteudence of the 1:.' 
Committee (who in this matter de republicd bene mtriti > 
armour-plate targets were erected by our able engineers, wl, 
at lighting ranges laughed to scorn the utmost etforta of the ai i.l 
lery attack hroutrht against them. Some of the tai-gets combioed 
the resistance of iron with wood, others, constructed with tike- 
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seeing ingenuity, depended qpon iron alone. The Ordnance 
Select Comoiitlee were challepged to bring forwanl the be«t guu 
their artillery science, aided by all the resourcea of the royal 
anen&la and the public parse, w&a able to provide. The science 
brought to bear by the Ordnauce Select Committee, after esJiftust- 
ing itself in repeated efforts to cover its repented defeats— efforta 
that were fruitleBs for reasons that will be cxplaiue<l — wiua at 
length compelled to confess itself yanqnished by the armour- 
plates. But ordnance had other resources which it hoped to have 
dispensed with, and upon which, in its disappointment, it was 
glad to fall back. It said to the Committee of Defence, "If you 
will obligingly set up your armour tiu-geta within a shortened 
range, say, for instance, a liobin Ilood bowshot of 200 yards, you 
■haU see what the brute force of the old smooth-bore will do. 
True it ia, that cast-iron will be brought to attack wrought-iron, 
that a rounded missile will hare to punch its way through a flat, 
and possibly, at timea, inclined armour plate. Science, which 
proved but a broken reed in our bands, must be abandoned, but 
witli a gun big enough, a shot Iieavy enough, a charge of powder 
large enough, and a range short enough, the smooth-bore shall 
•mash your target" Of course it would, and so would a batter- 
ing-ram like those Titus uaed to smash the gates of Jerusalem. 
If, therefore, the old smooth-bore with its short range bad failed 
the Ordnance Select Committee, like the service rifled gun, they 
might have fallen back on the older battering-ram. 

Looking at it from a scientific point of view, this retrogression 
was very humiliating; and it G-iused the country serious anxiety 
to hear her Majesty's Ministers state in Parliament, as they did 
in th« last session — on the authority, of course, of their official 
scientific advisers — that the navy of England, aftor all the vast 
expenditure that had been lavished upon it, was at last obliged 
to be armed with the old smooth-bores, to meet the iron -clad 
navies of her possible enemies. It was in fact proclaiming 
England's weakness to other nationsj who wore more scientifically 
informed and better armed than she. 

In further explanation of what was the actual condition in 
which this all-important question stood no later than May last, I 
will quote the statement of an oUicial authority upon the subject, 
Sir W. Armstrong. It was made by him at a meeting of the 
Unite<l Service Institution, ILiy 20, I8ti2, in Iheae words: — 
"It certainly may be said that sheila are of no avail against iron- 
plated ships; but, on the other hand, I may s-iy that neither 
6B-ponnder nor UO-pounder guns, with solid round shot, are 
eifective against such iron vesseSs. The fact is, what we want is 
a gun in addition to our IlO-ponnder rifled gun, especially 
adapted for breaking through iron plates. That is what we are 
in want of now." This forced confession was very startling to all 
of as, who knew that, long ago, France armed her " Gloirea " and 
"Normandiea" with rifled M-ponnders, proved to be efficient 
against Iron plates. Such, however, being the state of the 
quetition a few months ago, we may proceed to consider, first, the 
reason why the ai'tillery hitherto employed in the ser\'ice, in- 
olnding rifled guns and smooth-bores, has always failed to make 
any impression on the phited defences at ordinary fighting range; 
and secondly, by what means artillery science has lately re- 
conquered its lost ground- Sir William Armstrong put the case 
very plainly when be said that shells were of no avail at all 
against plated ships, and that the solid shot of the 110-pounder 
nfled guu is not efliective against such iron vessels. Bat late 
experiments at Shoeburyncss, in which the "Warrior'' target was 
pierced and shattered by aheU at 600 yards, have proved that the 
case as put by Sir William Armstrong must have been based on 
his experience of shells that were not made of the proper form 
nor of the proper material, and on his experience of rifled guns 
that were unable to propel their projectiles with the requisite 
velocity. 

Three conditions may be laid down as necessary to enable 
artillery to attack successfally armour-plate defences. Ist, The 
projectile must Ije of the properform; Snd, of the proper material; 
and .3rd, be pro|jelled from a gun able to give it the necessary 
velocity. The artillery of the Ordnauce Select Committee failed 
because they utterly neglected the fii-st two conditions, and had 
recourse to the brute force of the smooth-bore for the third. 
The expression accepted aa representing the penetrating power of 
shot was "velocity squared, multiplied by weight;" but the form 
of the shot, and the material, were conditions altogether omitted 
from the expression; and the importance of the omission will be 
obvious if we take an analogous case, say that of a punching 
machine employed to perforate wrought-iron plates. What would 



be the result, if the punch itself, which is made of suitable shape 
and material, were removed, and a round-headed poker of brittle 
cast-iron or soft wrouglil-iron were substituted in its place ? The 
great importance of sufficient velocity ia conceded; it ia a tims qua 
non condition. But has there not been gi*eat misconception in 
Bupp<J3ing that the old smooth-bore gives a greater initial velocity 
than the rifled gun? The results obtained will show how this is. 
The averafco initial velocity of the 68-pounder is in round n um- 
bers I60iJ feet per second, with a charge of powder i the weight 
of the shot, the length of the shot being of course one calibre. 
Sir William Armstrong stated that, with a charge of powder 
^ the weight of the shot, he obtained with his rifled gun an 
initial velocity of 1740 feet per second; he did not state the length 
of his projectile. Mr. Whitworth, with a projectile one and a 
half calibres long, obtains an initial velocity of I9<^1 feet per 
second, and with a projectile one calibre long, like that of the 
smooth-bore, an initial velocity of 2200 feet per second, being 
greater th.in tlvat of the smooth-bore in the proportion of 22 : 16. 
The reason why under nearly similar conditions as to charge and 
length of projectile, the rifled *gan can obtain an initial velocity 
superior to that of the smooth-bore, must be ascribed to the action 
of the first condition I ventured to lay down aa necessary. The 
rifled projectile, as compared with the spherical, has a form which 
'is better adapted for flight, and fits more accurately the bore of 
the gun, so that the gases of explosion exert a greater pressure 
upon it while propelling it through the barrel. In practice, the 
initial velocity of the rifled projectile is lower than that of the 
smooth-bore, because with the rifled gun the charge of powder 
used is much less, while the projectile is much longer and heavier, 
and has a greater vu inertia to be overcome at starting than that 
of the smooth-bore. If very large charges be' used with the rifled 
guns, and long projectiles, with the view of obtaining increased 
velocity, the strain becomes too gi-eat for the g^ns to near. But 
if rifled guns are tired with charges so low that they are not made 
to perform h."Uf the work they ought to do, then, though the 
defects of weak construction may not be made patent by the guu 
being destroyed, they are very phiinly manifested by the weak 
roaults of their projectiles fired against armour plates. It is 
proved by well known results that the constructors of the 1 10- 
pounder rifled gun now adopted in the service do not dare to 
make the gun perform its full work, but, on the contrary, they 
find themselves forced gradually to reduce their charges, until 
they are beaten by the old smooth-bore they undertook to super- 
sede. The only conclusion that can be drawn from this fact is, 
that the gun is weak in construction, and the projectile used with 
it is defective in principle. 

The power of the smooth-bore, with its large windage, to fire 
large charges, and thereby obtain great initial velocities, has pro- 
cured it many ailvocates; but Mr. Whitworth 'a experiments have 
shown that, if length of projectile bo given up, which m.iy be 
looked upon as the price to be paid for increased velocity, he can 
get an initial velocity much greater than that of the smoolh-bore. 
But ia the result worth the price paid ? Not if a more efficient 
compromise can be obUined. I use the word compromise advi- 
sedly, because I think that every one who has had experience in 
artillery practice will agree with me that the best results are only 
to be obtained by means of the best conpromiae. You cannot 
have long projectiles and very high velocities without burning 
too much powder, and taking too much out of your gun, or else 
making it an unwieldy monster. 

The problem we have placed before us now is, bow can artillery 
be best adapted for attacking armour defences? The advocates of 
the smooth-bore are satisti^ with one condition — high velocity. 
Mr. Whitworth objects, and 8,-»y8: — "If velocity were all that is 
needed, I can get more than you do, in the proportion of 22 to 16; 
but to sacrifice all to velocity ia a bad compromiae to efliect a 
aolutiou of tho penetration problem. You set down velocity as 
greatest possible, form of projoctile of no account, material of no 
account, and after all, can do nothing at an ordinary fighting 
range, while yon wrongly take it as proved that 'shells are 
of no avail' against iron-plated ships. It will be a far better 
compromise to be satisfied with a lower \'ulocity, getting how- 
ever all you can at a fair cost, and combining therewith con- 
ditions (I) and (2), proper form, and proper material for the pro- 
jectile." 

Let us now compare the acttial results obtained in the way of 
penetration by the Armstrong I lO-pounder, the proposed naval 
gun, the old 68-pounder smooth-bore, and the two uaval Whit- 
worth guna lately fired at Shoeburyueas. 
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Ouna. 


Rmk. 


PrsrjectUe. 


PowdeT 


Petietntion into 
Anuoar ?lftt«. 


Aimrtrong 110-Pr. 
(7 inch bore) 


2oa 


110 lbs. 
solid 


U Ibti. 


14 to 2 iiichea. 


88-Pr. Smooth Bore 


200 


€8 IbB. solid 


16 1b8. 


2i to 3 incbee. 


Whitworth TO-Pr. 
(6^ inch bore) 


200 


70 lb. shot 
and nhell 


12 lbs. 


Through plAte and 
backing. 


WTutworth 120-Pr. 
^7 inch bore) 


aoo 


130 lb. 
idieU. 


25 Iba. 


Through plftte and 
lacking.* 



Oao. 


Charge. 


6SPr. 


.. 1(5 lbs. 


Wliitwortb 70Pr. . 


.. 12 Ibg. 


Whitworth 120-Pr. . 


.. 25 I»w.» 


Armstrong llO-Pr, . 


.. 14 Ills. 



The first two results wili lead every one to the sameconcluBion 
that it la to be presumed they led tlie'Ordnance Select Coramittw, 
wlien they so eagei ly re-adopted the smooth-bore, viz., that the 
Aniiatrong rifled gun is a worse compromise than the old gun it 
was iuteodeil to supersede. The reasoo may be inferred from the 
results to be, that besides neglecting conditions (l}and (2), form 
and material of projectile, it is very much behind in respect of 
condition (3), velocity — this is to be attributed to the defective 
construction of the gun, which cannot fire with safety efficient 
cituiyes of powder, and to the use of the lead-coated projectiles. • 
Taking all the results, they show themselves to be indisputably 
in fuvoui- of the Whitworth, the old 68-ponnder smooth-bore 
comiug second, and tlie Armstrong rifled gun last. 

Let us now examine how they stand in regard to velocity, as 
shown in the following table, which, like the one given above, is 
compiled from official sources. 

Vel««lt7. 

Initial 1600 ft. per second. 

Initial 1350 ft. per nccoud. 

Terminal al COO yde. 1260 ft. per sec. 

Initial 121ii ft. per i<eoond. 

With regard to initial velocity, therefore, the order of the guns 
may be taken, with the charges used, to be, Ist, 68-pouuder; 2nd, 
Whitworth; 3rd, Armstmng. It i.s worthy of notice, however, 
that the velocity of the Wjiitworth 120-pounder, after traversing 
liOO yards (a gooil figJitin^ range), was found actually to be 
1260 feet; whereas the initial velocitv of the Ajmstrong is only 
1210 feet. 

The total results in respect of penetration proving themselves 
to be so decidedly in favour of Whitworth, who combines with 
condition (.3) — viz., sufficient velocity — conditions (1) and (2*, 
proper form and material of projectile, it follows that his must 
be the best ainipromiae. The slight inferiority iu initinkl velocity 
uf his rifled gun, wilh its ordinary cliarges, as compared with the 
smooth-bore, is more than cimpfusated for by employing a i)ro- 
jeclile of proper form and material; this is shown by ihe pene- 
tration being through and through both plate and backing in the 
case of the Whitworth, while it is barely half tbixiuph the armour 
plate in the case of the smooth-bore, and not half through iu the 
case of the Armstrong gun. 

The form of projectde employed by Mr. Wlutworth for pene- 
trating armour-plates, is like t!ie one now before the Section. It 
has a Hat front, the centre being slightly rounded, the middle 
p<irt of the projectile is rifled hexagouolly like the bore of the gun, 
the front and rear of the projectile are made of the requisite 
tai>er to allow the air displaced m front to close in readily behind, 
a foiTU which jdves a great inciease of velocity as compared with 
the form parallel throughout, as 1 endeavoured to explain to this 
Section, in a puper I had the honour of reading at its meeting 
last year. 

The material of which the projectile is composed, is what is 
termed homogeneous iron, combining the toughness of copper 
with the hardness of steel; it is made hard enough to penetrate 
the wrought-iron plate, but not so hard aa to bo brittle and break 
up when the projectile strikes against its surface. The advantage 
of the flat front as compared with a ptiinted front is apparent, 
when it is considered! that wlicu the flat froot strikes a plate, the 
whole resistance it meets witli Is that offered by the area of the 
, plate covered by the flat front, iu a direction in line with the axis 
of the impinging projectile. It consequently punches out a clean 
hole with a sudden impact. In the case of a pointed shot, as soon 
as the point begins to penetrate, the iocliued sides begin to push 

* Tb«M rMulbi woo recently tnnuced, m dauUed ebewhric. Tin- TOpoonder 
\ M* (beD thiuufh 44-lgch ptale um bseking st 60O jvit nogv, aad the 130-pawdcT 
; IM <!aell tbrongh fr-lnch pbite md bAckiog at 800 ykrda range. 



aside the particles of the plate in a lateral direction, and an 
accumulating lateral resistance is offered by every part of the 
plate whose particles are disturbed; the passage of the sbot is 
thereby gradually retarded, if not altogether arrested. It has 
been thought that the flat-fronted projectile will glance from the 
sarface of an inclined plate like a round projectile. This is 
not found to be tlie case, as is proved by the plate now shown 
to the Section, which was completely peuetrate<i by a flat- 
fronted projectile when inclined at an aogle of 37° to the per- 
pendicular. 

The Whitworth penetration shell, whose destructive power waa 
shown by its penetrating and shattering the Warrior target at 
Shoeburyness, htis the same form outwardly, and is made of the 
same material, homogeneous iron, as the flat-fronted solid pro- 
jectile, which has already been described. A cavity of suitable 
shape is formed in the projectile, of the size required to contain 
the bursting charge of ordinary powder. The rear of the shell ia 
entirely closed by a screwed plate or cap. A suflicient thickness 
of metal, disposed in the required form, is led for the front of the 
shell. The uncertain complications of percussion fuses, and even 
the sim])ler time fuses, are wholly dispensed with. No fuse, or 
detonating substance of any kind, is used. On firing his shell 
through iron plates, Mr. Whitworth found that by the force of 
impact and friction, sufficient heat was generated to fire the 
bu i-sting charge without any fuse at all. In practice the action 
upon the powder was found to be even too rapid. To retard its 
action for the time necessary to enable the shell to effect a com- 

Elete penetration and then to burst, Mr. Whitworth interposes 
etween the metal of his shell and his bursting powder charge, 
a substance that is a non-conductor of heat; oy preference he 
incloses the powder in a flannel case, and finds that, by simply 
dimiuiahing or increasing the thickness of his flannel, he can 
burst his shell in the armour plate, or in the timber backing, or 
after it has passed through both. The fragments of the shell 
now before the Section are those of one which was fired through 
this armour plate, and which burst and shuttered this backing of 
timber, nine inches thick, placed behind the plate. There ia one 
point in connexion with the Shoeburyness trials that should be 
particularly noticed, and it is this — that all the previous experi- 
ments against iron plates liad been confined to the short ranm 
of 200 yards; at longer distances the smashing monster smooth- 
bores cannot be made to hit the mark, whereas Mr. Whitworth 
has proved that at a good fighting range of 600 yanls he can hit 
his mark to an inch, and can at that distance (and, there is good 
reason to believe, at twice that distance) send his shells through the 
"Warrior's" sides. That 600 yards may be fairly called a good 
fighting range will be admitted, when we remember that the 
brave "Agamemnon" at Sebastopol fought all the guns of fort 
( 'onslantine at a range of 600 yaras; and the "Albion" signalled, 
"Well dune, 'Agamemnon,' where you lead we will follow." 
With regard to the 12C)-pounder gun itself, it should be explained 
that it was hiadc at Woolwich, under the able superintendence of 
Mr. Anderson, at Mr. Wbitworlh's own request, and according 
to drawings supplied by him. It has the same bore {7 inches) 
as the Annstrong UOpounder, so often tried against the 
"Wan-ior" target, and found, as Sir W. Armstrong said, " not to 
be effective." It is a built-up pun, and its hoops are made of 
coiled iron welded; but that metho<l of manufacture was adopted 
by Mr. Whitworth in the first built-up gun that he made, 
and by many other makers of guns many years ago; Mr. "Whit- 
worth has since employed, by preference, the homogeneooa 
metal, which he found to answer perfectly for small arms and 
field guns, as well as for the penetration shells which have been 
described. 

Practicid improvements have been made in the process of forg- 
ing and annealing the metal, which enable it to l>e worked in 
masses of any required size, whose quality may be henceforth 
dej>ended upon wilh certainty. The Whitworth heavy guns are 
now being made with both interior tubes and outer lioops of 
honiogeiR'ons metal of the improved manufacture, so that th« 
guns wili be constructed throughout of one uniform metal, with- 
out any weldiug at all. Experience justifies the expectation that 
they will be free from the objections which it ia well known ars 
iuherent iti all welded guns, and be fully able to resist tlie severs 
and search iug strain which is 8Uix>, sooner or later, to disable a 
gun built up of forged coiled tubes, if it be oilled upon to do its 
full work by iliscbarging heavy rifled projectiles at the most 
efficient velocities. 
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The Iron Manufacture of Grmt Britain. By W. Truras, C. E. 
Second edition, revised by J. Artupr Phillips and William 
H. DoRMAN, C. E. 4to. lyondon: Spf)U, 1862. (Second Notice.) 
We now resume our notice of this valuable treatise. • The 
author, while bringing large experience and very extensive 
obe«rv!ition to the treatment of his subject, has confined himself 
throughout to a practical view of it. He does not much affect 
theory, and deals with chemistry »o far only aa is manifestly 
neceasary to a duo understanding of the various procesues de- 
scribed. We of course cannot expect in this work any account of 
the more recent productions of the steely irons; but it fnrniahea 
a very interesting and iustructive hiatury of the general and 
long established manufacture of iron in every stage. We propose 
to give an extnct or two, referring our reat^iers to the work itself 
for fiiUer iufoimation. 

Tlie influence of damp or dry weather on the produce of the 
blafct furu.oce is important: — 

"The effect* produced ou the quality of the metal by chAugw in the 
stmoBphore are l>i)th Bt-rious and cotiittiuilly recurring. It i« kanw-n that 
tb* ravtol prcHluoed in winter and Hpriiif? is, on the whole, flupcrior tii 
i produced in «umnit'r und autumn, »md that the difference i)f (luidity 
I due to the condition of the Atiu> Hyphen: in thetie neoeonti; tbe immediate 
OLVMS however i« not so weO umlerstuml. 

We h&vo already iitate<l that the ititrodiictirm of water into blast fur- 
[it attended with the iiuMt prejudicial efFuctM. At certain setuons 
,'9mr the atmosphere contains a considemble quantity of water, 
wIlMll Is forced into the furnace through the tuyeres iilon(? with the 
ahutt; at other perio<J» the mnterialR coll<;fte<l for mneltiny are naturated 
with r*in falling on them, and water is thuH aliMi (Nmveyed into the fur- 
aaee, bnt tlirough the throat, so that at certain time* water is digoharged 
into the furnace at top with the materials, and at bottom with the Ktattt. 
• •••«♦• 

The quantity of water diachaf^ged into the furnace through the 
tuyere wiU d«[Mmd on the consumption of Wast and <]uantity of moi*ture 
in the attimsphete. For dark j,Tey pig-iron the rDnsumptiou in 2'> tot» of 
air per ton of njewd mtule. Bstimattng. th«n, that the make is 120 ton* 
weekly, the consumption of blaxt will be 8000 ton*. Now, according to 
the most tHMtworthy authorities on the oompofiition of atnioi<pherio air, 
it appears that in ordinarily dry weather it contains 1-42 per cent of 
moisture. At this rate, then, the water in .3000 toni) of air will amount 
to nearly 43 tons. This, luiwever, refers to comparatively dry air. The 
jrenerally moist atmosphere of this country coiitiiins at periixji! full twice 
this pcr-ceutajife of water ; on such occasion, the volume of water 
' into the funuce along with the blast will not fall far ohort of 
weekly, or from 50 to (JO tons above the ipiantitv discliarged 
into it in favouraMe seasons. 

If to the quantity discharged into the furnace along with the blast 
there he added the quantity entering with the mnterials at top, it will be 
seen that there are periods when, from a snperabuudance of moisture in 
the atmosphere, the enormous quantity of 1(50 t<ins of water is discharged 
weekly into a blast furnace, makinif 1 20 tons of metal, anii that under 
ordinary circuni)it.-inces the qnantity enterinc; is equal in weight t<) the 
make of iron. The deteriorating effects which sncb vnlnmos of water 
produce in the quality of the metal are very apparent. With a dry 
easterly wind, tlie quality and make will Iw ^n^atly superior to that 
obtained when the wind ia from any other point of the oompssM. A 
■udaieii shift from eaat to south-west occasions a deterioration in quality 
from diirk tu bright grvy. and ii the alteration continues, from grey to 
mottletl and white. Thus the im|)ortanoe of a dry atmosphere for blast 
furnace operations can scarcely be overrated." 

In our notice of the former edition (vol. xix. p. 140) we con- 
sidered at some length Mr. Trunin's views us to the merits of 
the hot blast, and also as to tlie em.ployment of the heat carried 
off by the escaped gases, wo therefore need not fuiiher refer to 
the portions of bis work in which these subjecU are dealt with, 
liut our author's views as to the relative size of the throat of the 
blast furnace are so important as to demand out full notice: — 

" The diameter of the throat or filling place is a matter of the greatest 
importance to the working of the furnace. It influences tike make and 
yield more than any other dimuusion; and yet it receives litth attention 
in designing the furnace. Local custom is generally consi>lrrc-d tlie 
safest guide, and yet it is a matter which above all others is likely to 
lauuo Toss and create difficulty in the working of the himnoe. 

In the old blast-fiunaces the top was generally narrow, the breadth 
scarcely averaging one-foiulh uf the diarfieter of the furnace: and in 
StaffoRlshire. Derbyshire, and other dijftrictn, furnaces are still in opera- 
tion with throats bearing this proportion. In other fumaoes in these dis- 
tricts a wiiith of ooe-tlurd of the diameter at the boshes is eonsidered 
sufficient. The breadth most common in Sootch furnaces erected or 
altered within thA last twenty-five yean is one-half the diameter of the 



furaaoe — extended, however, in some instaooes to as much as two-thirds. 
In the Welsh district the breadth ranges fruui one to two tliirds of the 
diameter; but the proportion whic-ii prevail in the majority uf the Welsh 
furnaces is one-half or nearly so. 

Although it is now generally admitted by smelters that with a narrow 
throat a furnace will not carry aa much bunlen or work as well as with a 
wider one. the largest throats hitherto oonstructed have not exceeded 
10 feet. This appears to be considered as a inaximmu width. But if 
the enlargement of the throat fnim one-fourth or one-third of the dia- 
meter of furnace has been productive of advantage, what is to prevent 
further enlargement still leading to improved results. 

With the narrnw-throatod furnace formerly employed in smelting, the 
average yield of coal to nskch ton of pig-iron waH f> tons. By uicreanng 
the diameter of the throat to one-thirii of that of the fiimaoe, and using 
a more powerful blast, 4 tons were made sufhcieut; increaiung it again to' 
one-half, the yield diminished to 2| tjns. We l>elieve that ^ter making 
every allowance for the operati<^in of other causes, three-fourths of this 
saving in fud must bo attributed to the enlargement of the throat, and 
that by continuing the eidargement a furthf^r saving might be effected. 

In support of this opinion we maj- adduce the effect produced by a 
namjw throat at one ul the Dowlais fumae«.'<;. Tlie diameter of this 
furnace at the boshes was 18 feet, and it formerly worked with a throat 
» feet in diameter. Repair being necessary, the furnace was blown out, 
new hearth and t)oehe« ])ut in, and a new lining carried up beyond the 
lM>ghett, but on appn>aching the top the curve of the section of the bo<ly 
was quickened, si> that the width of the throat was re<iuced to <S feet, or 
one-j^rd of the diameter of the furnace. Prior to the alteration this 
furnace had been in blast fifteen years; the average make was 90 tons o{ 
pig-iron weekly, and consumption iH cwts. of ci>al to the t<«n. After the 
alteration the make became irregular, varying from 50 to 70 tons; the 
consumption of coal fuse to 70, 80, and even 90 cwts, per ton of pig- iron. 
The quality of the iron also was excessively bad, and the loss of metal 
in the dense black scouring cinder produced was veay great. The 
average yield of ctrnl with this luirrow thmat was near 4 tons, but if the 
ileterioration m the cpiality of the metal be also taken iaU^ account, the 
consumption may l>e fairly considered as just twice the qtuuitity which 
would have sufficed with a wider throat. Yet this proportion of throat 
is not less than may be seen in numerous furnaces in England. 

Aa mors satiafacttiry results could not be obtainc<l, the materials in 
the fnroaoe were let <lown nearly to the boehes, and the upp«r portion of 
the lining t.aken out and placed farther back, and a throat of the original 
width— feet — nbtiuned. With this eidarged throiit the make uf the 
fui-nace has several weeks oxceede<I 170 tons, and for a peritid of six 
mouths has averaged more than 1^0 tons, the yield of materials l>eiiig 
giMxI. 

There was one other circumstance couuected with the working of this 
experiment worth recorfliug. Whenever the furnace was let down and 
maintained at a depth uf ^ or H feet, so that the throat was practically 
eidarged, partaking of the diameter uf the furnace at the level of the 
materials, the yield and make greatly improved. The fonner would be 
as low as B') cwts., while the latter rose to 80 and 85 tons. Tliis cireum- 
stanoe clearly ]>oints to the confined throat as to the cauHc of unsatis- 
factory results. Other narrow-throated furnace* have yielded! similar 
results under our observation, working better when the surface of the 
materials has been kept a few feet lieluw the charging plates. 

Where narrow throats are in use we need only to refer to the velocity 
of the upward current to find a suflicieiit cause for the iliminisheil 
reducing ptiwer of the fuel in the lower regions of the furnace. TTje 
volume of gas produced there being the same, the velocity of 
through the thPMtt will Iw in an inverae ratio to its area, and may 
calculated with suGScicnt accuracy to show the beneficial effects 
must arise from larger thn>at«. • « » » • 

The consumption of fuel in the throat by the rapid draught explains 
the superior produce and yield when the materials are let down a few feet. 
The expatksion of the furnace at the lower level affords a lareer area for 
the ascending colomn of gases; they consiM]iiantly pass through the upper 
stratum of materials at a reduced velocity, and escape through the iiarmw 
throat unimfieded by the materials. 

But a reiluotion oil the velocity of the current of escaping g;asea bidow 
the minimum aiwve stated — 2830 fe«t per minute — would doabtless be 
attended with beneficial results. A p<irtion of the fuel now consumed in 
the thri»t would remain available for smelting, and the yield of carbod 
to iron might eventually he reduced oonsider^ly below 2 lb. of carbon to 
I lb. of iron. We observe, from a drawing of the Baemm charooal 
furnace m Norway, that the throat is two thirds of the largest diamettf. 
The yield of charcoal is a little more than 1 lb. i>er lb. of iron. May not 
the superior reducing power of this funiace be partly attribtitMl U> the 
huge thrx-iat ' for in many other respects the mediankaJ artaogvments are 
inferior Ui those in use in this country. •••••• 

Wo ore of opinion that the time is not (listant when the coiitnMlted 
top will l>e altogether abandonnl, and tlie interior wall of (he fumaoe be 
built vertically from the Uislies u]iwanis. By such a oonatruotioa • 
minimum temperature would lie maintuinetl at the surface and tOKNl^U 
out the upper stratum of the materials, 'Ilie velocity of the iming gases 
would he reduced to about 000 feet per nuaute— a draught too sbw for 
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the oombustioti of uky portkro of the fuel iii the upper re^oiu: oon«e- 
qnently the yield of coal would imprava. The dUmitcr n-maiului^ coo- 
■tMtt, the capacity also would be larBielT inoreiued, &nd the make, with a 
oorrMpondioK inonase of blast, would be augmented in the Mune ratio. 
F^Rsacea of 275 cnbic yarda capacity would be enlai^ped to S40, and those 
d m nnaller capacity in » ainiilar propirtion," 

In a sectiou " Oa the use of Riw Coal ia Blaat Furnaoea, " 
Mr. Tmrnn expresses the conviction that the enlargetoent of the 
throat of the furnace would enable alt the coals now employed in 
iron smelting to be used without being previously cokeil. 
Attributing to the high temperature in the throat, consequeut 
ou its generally small area, the liability of bituminous coala to 
O&ke, and of semi-anthracitea to split and crumble when first 
introtiuced into the furnace, the aathor considers that with a 
throat of equal or even larger diameter than that of the furnace 
at the boahes the kinds of coal at present generally coked might 
with advantage be used raw, and that even compressed peat 
might bo •ucoeaafully employed: — 

"If referanoe be made to the proportion which the throat bean to the 
diamrUir of the furnace, it will be seen that for every KtO feet of hori- 
noiilal lima in the furnaces in the bituminnuB district the throat has an 
aPM of 1 6 faet; in tho Romi-bituminous aiui semi-nnthnurite the propnrtinn 
is inorSMMl to 2S foet; in the anthracite to 44 ft>et. Funmces with a 
pn>portion of 2R Uift arc iinaUe to smelt advontageouely with a coal dcfi- 
olant in bitiiminoiw matter, unless previously coked; but when .the 
pm|Kirtion in inrrrnMui to 44 feet the pure anthracite it«elf is employed 
raw. Wi: have mily to go from Hirwain to the Neath Valley to gee the 
iKinulW-lal rfToctn on the ooal which would follow from an inooaBid««ble 
pnlaTKunmnt of the throat. 

Mfn liavn hitherto advocated an inarease of the^ diameter of the throat 
to (Hiiinl that of the boahes, which would make the upper portion of the 
Utrnofm ryliridric«l. but with anttnaoite we cannot proceed too cautiously 
in DoininuniRatirii; an increase of temperature. We have no question but 
that hi furoAoui for mnelting with this coal the enlargement may be bene- 
fliHally exUnirltMl utttil the thrust is one-fourth, nr one-third, greater in 
tllainntsr than the boshes. The result of this will be that the velocity of 
Iha Issuing oolnmn of gates will be reduced, and a minimum temperature 
nallltelnM. The area thea allowed for the escape will b« four times 
liMI n«w provi ^ed. 

By a la(t(« oiasa of penona engaged in the iron trade it is supposed 
Ihat aiitbraoita cannot be advaatageously used unless with a heated blast. 
"fliis ia an error, and it arose from the defective blowing-machinery 
odginaUy employed. To show how insufficient the first blasts were, we 
■Mkjr mmtiaii that there is a patent extant for UKing a cold blast of more 
than S4 lb. to the square ini»i with thi« coaL With a cold blast of this 
Mirf gruatf densities large quantities of cold-blast iron have b6«n smelted. 
Hat while fumaoes having the cootrsotioo at top arc employed for smelt- 
ing, tha hot blast will be the most economical in the yield of coal. The 
lUmlnlsliad volume of blast employed, consequent on the caloric thrown 
iMfaS ike (onaoe, causes a diminished draught, and reduced temperature 

Tha ■•vhig att en dan t upon the advantageous use of raw coal, togetiier 
vttli th* eooBMny in tlia oonniiiiipiion of the coal itself, oonaequent on the 
ftAmefioa of temperature of the furnace throat, will reduce the cost of 
aualtiu fully one- half. In the bitimiinousooal districts of Monmouthshire, 
(lis Miulaad Counties, and .Scotland, the oonvenion of the ci>al into coke 
!■ altsnded with «ucL wastt; tliat from 34 to 4 tons of coal are required 
for aaoii too of foundry imn produced. The proportion of carbon ranges 
CnMD 76 per cent, in tiie inferior bitominous varieties, to 92 }>er cent, in 
iha anthracite. The present system of coking is attendwJ with the com- 
bwllon of from 10 to 50 per cent, of this carbon. Since the proportion 
at osstirm, determines the v.ilue of the coal fur smelting purposes, the 
l w t < ali ion and combustion of the entire quantity in the furnace will be 
aW npded with a proportionate generation of heat^ 

The suggested form of fumttce will permit of raw coal being used, and, 
by ecounmising the coke and retainiog the entire quantity of carbon for 
cmnliustiun in the beartli, it will render 20 cwt. of raw Ci>al mure 
effective than 3\ tons converted into coke, and afterwanls consumed in 
Imnmaem nf tiie present form. 

"HtB widening the top of the furnace, so as to insure a reduced tern- 
perntnre, wiU be highly advantageous to smelting with compressed peat. 
Large tracts of this valuable fuel exist in the vicinity of deposits of the 
richest iron or^, but hitherto all attempts to use it in tho bhtst furnace 
have failed. The best spe<nmens contain large quantities of volatile 
matter, and, unless previously well dried, injurious quantities of water. 
The rapid evolution of these in the bUst furaacu of the present form 
causes a gfreater or less destruction of the coal, while, tram tiie high tem- 
perature maintained, a portion of the oarbon is oonsumed. In the same 
proportion as the coal is weakened and oarbon consumed are its smelting 
powers reduced, and the yielij per tun of iron augmented. And from the 
moisture and generally large per-oentage of ash, the increased consumption 
Immndm fatal to the economy of smelting with this fuel. The Urge 
■mMmv of oab rsquires for its fusion a corresponding quantity of lime- 




stone. Hence the quality of the iron is contaminated by tho i 
earthy nvitter present. 

With the improved form of fumaoo the diminished temp 
would favour the retention of carbon. The fuel also, bei^ SQii 
a great pressure long before its temperature is elevatad to a red I 
cohesion of its particles will be insured, and its abihty to stand m\ 
the requisite dennty will be little inferior to that of obaronal. 

Under favourable oircumstanoes we have no doobt but 30 owl ( 
well-dried p^at will smelt a ton of pig-iron." 

The volume conclndes vrilh & very intei-esting section, he 
"Sundry Notes ou Iron Making." Among other mnturs a 
clear and instructive account is given of the prtMiuctioii of 
fibrous or laniinated forms of mrrought-iron, and also of a thii 
form presenting a fracture neither fibrous nor laminated: — 

"Plates mado frtm [liles of No. 2 bars, laid alternately ahmg 
across, are nearly devoid of this laminated fracture. For its pnxiu 
the bloom requires to be rolled between cylindrical roUs offerio 
opposition to tlM! extension of the plato in any direction. If rolled 1 
cross- built pOes {Jates are nearly alike devoid of the fitirous and la 
structure. Thus, we are enabled tu judge from tike fracture of the i 
the manner in which a boiler plate has been manufactuml. 

Tike greater value, for numerous purposes, of iron rolled Eroni pies 
tuvinf? a jKirtion of the bars laid at a right angle to the others, is sot 
generally iinileretooil cither by the manufacturer or consumer. Socb Ira 
is hanier, denser, and possesses greater tensile niteagib. than irm otk^r 
wi«« prepared. Fibre is generslly considered an in^cation of olreogtk 
and in the ordinary way of manufacturing, the quantity of fibre (' 
does determine the value of the iron. For it can only be produo 
peated rollings and the expulsion of the extraneous matter comb 
the iron. But while the preaenoe of fibre is an indication of 
quality, we cannot accept it as a measure whereby to nstimatn tko tpd 
of bar iron gouerally. Iron may be of an exceUeot quality tii 
poasesa no fibre. If the fibrous clkaracter determined tlio strength of tkt 
uon, steel, the purest form in which iron exists in oonamasoe, inrtesd nf 
being the strongest, would rank as the weakest. Iron ntaimtmciauti 
frnm orasa-Uid pfles poosessea many of the propertiesof tteoL It is hinL 
tho structural arrangement of the iron is more dense, and the spedfie 
gravity is superior to that of iron iolle<l from piles built ia tbe oidiBSi^ 
way. The strength is increased in the same, or a greater, ratio thaa Iw 
specific gravity. Hence, for boiler plates and other purpooea, iron Bans' 
factored in this manuer, though devoid of either fibre or landnja, pcsMHOi 
a greater tensile strungth, and consequently should have the p s ufawat a. 

The superior density of the iron thus made is easily oxplainsd. la Iks 
ordinary way of rolling the extension is in one direction only; tlwiiijpHi 
fibres are lengthened at each rolling, and no resistance is offgccd kiB- 
tudinaUy to the degree of extension. In the bar maoufactuftd (rcnus 
cross pUe ttie pressure exerted by the rolls acts endwa^1i on tiw potioa 
placed across the pile, compressing the iron to one-third of its tanas 
length. Tlie density appears to be greater than is due only to the prts- 
sure on the cross- pile<l portion, and is probably the effect of the intm^ 
ing of the fibr>:8 in the bar when at the iudf-finislied stage. TVi 
difference in the iron produced from ordinary pUes and ths^ ta wtssed 
from cross pUea is very similar to the difference observed in iron dnvi 
out by a continuous hammering in one direction, and that produced b; 
alternate extension and oompreMlon by turning tiie end. To prodm • 
dense solid imn the upsetting is absolutely neoeaMuy. 

In the puddling forge the good effect of the upsetting an the blosaiit 
fully acknowledged. If the quality of the iron is thus early " 

pressure in this direction, it is very evident that a repetifeiua of I 
setting process at each subsequent rolling will result in a cor 
improvement. The upsetting in the mills, however, is beat [ 
as we have shown, by so disposing the greater portion of tlie iron 1 
may be th<w acted ou by the rolls, 

Fibre is proiluced by rolling or hammering the iron wbiea hat, 
nn other means. But tho tihmus charncter of malleable iron ii 
deHtr>yed while hot by altering the direction of elongatioii, and whU* ( 
by hammering, concussion, and vibration." 

TliQ following arc the views of oar author on the mitt 
wrought-iron scraps with cast-iron by fusion, and oo the 

repeated re-iueltiugs: — 

"The tenacity of cast-iron of alow specific gravity, and 
inferior quality, may be improved by remelting and inc 
wrought-iron scraps of a superior tenacity. But the imp 
quality by this treatment nearly disappears when the caat-iroo 
high specific gravity. And of the improvement occurring to trooxtl 
qiulity, debased by the presence of an excess of csarfoon, by tsr ^ 
largest portion is due to the increase of density and ooneequeut j 
purity which follows on the partial oxydatioa of the volum* of 
during the ofieration. 

The superior strongth of air-fumaoe oastingit is gcoerally i 
by iron founders; but the cmnmon explanation of its being doc ' 
greater homogeneity, consequent on the remelting of the erode jfoa 
consider altogether erroneous, and has arisen from a dafif i(my of i 
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meotel rmaadiet co the gubjeot^ We have fonad that ths aimple opemtion 
of remslting inTBrubly mcrcaaea the danaity amd tenacity o( crude iront of 

igjnj quality, the iiapravement being greateet with thoae oontainiag the 
tugett roliuBe ol carbon; and that a seooiid remelting reeulte in a farther 
JBoraaae at them qualities, which oontinoe to augment with suooeeaive 
TMOidtingB until the inni hae attained a high degree of refinement and 
inortaaad ita tenailti itrength by fully one-half. 'llie number of remelt- 
inga aecesusary to the developmeut of the tenaile powen ni the metal, 
Tariea with, and ia directly proportionate to the volume uf carbon to be 
^■pbecated, but may be largely reduced by prolonging the period during 
^■^rfaich the molten iron i« expoeed to the decarburiidng innueooe of the 
^Vtoverbemted gaaes. Withr white Irons from blaet furnaces cocsunun^ a 
— numnm quimtity of fuel, the tmpruvement in not bu miu-keil. Contam- 
[_a lawier Tolume nf carbou, with a greater quantity of mctallcmU more 
~ ; of oxyda^o, the aet of reroeJting is attende<l with a larger waste 
' in proportion- to the volume of impurity removtjd. Since, there- 
maximum tenacity is not attained with a single reuclting, and 
apic examination fails tu detect any irregularity in the structural 
ngem«nt of the bUsl-fumaue iron, we conclude that the superiority of 
air-furnace castings is principally due to the greater purity of the metal 
which necessarily results from remelting. 

But while maximum teuaeity is attained only by remelting and 
mechaoical subsidation, the operation results in a corresponding depri- 
■ vation of fluidity, and the inm so trealetl, after the third or fourth fusion, 
is not adapted for small castintT*, or the filling of sharp angles in larger 
ones. And with a succession of rcmelttngs, all cast-irons, especially the 
IkoC blast varieties, and such as have beeu produced from a burden cum- 
poaed wholly or partly of hematite, are subject to unequal coniractiDn in 
cooling, sinkings on the surfacu, and, where the pieces are angular and uf 
large dhnessions, they are rarely B<.ilid throughout. ** 

The original work is too well kaown for mach recommenda- 
tioa to be oecmstxj. Whatever improvementa mny be intro- 
duced from time to time, Mr. Trurau'a autbeutic record of the 
iron mnuafActure of thia country as observed by him will always 
; posaeu mnoh intereat and value. 

1 ROYAL INSTITUTE OF BRITISH ARCHITECTS. 

^B Pntidetil'* Iiiaugural Addresi. 

^B At the opening nteeting of the sea^ion of the Roy&l Institute uf 
British Architects, on Monday, the 3rd ult., 

The President, W.. Titk, E»q„ M. P., delivered the ujual intro- 
ductory address, and cougratuLted the Institute therein upon ita 
continued flourishing condition and pros[)eGts. Eleviewing the 
occarrenoes during the past aeasion, he lamented the loss of its 
patron, his late Royal Uighoeas the Prince Consort, whose 
powerful influence had ever Xeen used, to the beat of his ability, 
for the promotion of art and science. To him was owing the idea 
of the Internntional Exhibition, so recently closed. As to the 
manner in which that btiitding bad beeu carried out bj the 
engineer to whom it wna entrusted, it was deeply to Ite deplored 
that it tended little to the credit of Britiah nrchitcctute. " Aa a 
shed," "tolerably well lighUid," and "suited for the display of the 
goods in it," il hjui answered ita purpose. But the arrangements 
of the plan were far from salisfactury, and in every sense of 
aTcbitectuml or artistic trentmeiit it was seriously defective. Aa 
President, therefore, of the Institute of Briliah Architects, he dia- 
led, for the profeaaiou, that any judgtneut as to the present 
wdition of Eugliah architecture uhouLi be founded upon it. 
A very satisfactory circuuaslance during the past year was the 
ivitation, by deaire of her Majesty herself, to several of the 
ibers of their Institute to consider and report upou the pro- 
memorial to Prince Albert, by which act the profession 
eu duly i-ecoguised; and he confidently felt that those to 
the preparation of the designs had beeu entrusted would 
"ustice to the opportunity. He took occasion to warn the 
profession that in these days of progress they must not allow 
themselves to be tnimtueiled by servile adherence to precedent, 
bat that they must aeize and adapt to their own uses the advan- 
jea offered by the numerous new materials and discoveries of 
present day, since olliMrwi.se they could not hope to influence 
le public as they undoubtedly ought Upon the question, how 
lis influence was to be exercised so as to promote art education, 
)me observations were made; and the lectures by Jlr. Smirke 
id Mr. Soott, at th« Boyal Academy, and chose delivered at this 
latitute, valuable in their way, were considered neceasarily to 
kve but a limited effect; and be thought it desirable thai popu- 
rlj written courses of lectures should be given at but Hmall 
[>at, for the purpose of ditfusing tiUite, and educating the public 
the principles of art, but particularly for the sake of workmen 



and those who have to execute designs, and wboee deficiency iu 
the appreciation of their spirit, architects have so constantly to 
deplore. 

The extensive municipal alterations in foreign cities, e.g. Paris, 
Brussels, &c., were, if not pai-alleled, to a great extent proposed to 
be so in Londun at the present time. The Thames Embankment 
was one acheme of great magnitude and importance, and it was 
much to be hoped tliuL it would be carried oat in a manner that 
miglu eiubellisii the metropolis. The several new bridges were 
reviewed and conaidered to be generally, however scientific, want- 
ing in architectural truth and beauty, while several wei-s 
absolutely ugly. The numerous private buildings lately erected 
in the City were commended for their many various architectural 
merits, which far more than counterbalanced any defects of 
detail which some certainly present, and they were contrasted 
Keuerally in ^a very favourable light with moat of the public 
buildings that have been erected. 

The deaths of several members of the Institute during the 
year were announced with regret, as alao that of Mr. James 
Walker, the eminent engineer, and others of that body; and 
after some remarks upon sundry arrangements of the business of 
the Institute, concluded an address, which was listened to with 
marked attention and applause throughout. 

Mr. Digby Wyatt, Fellow, in the absence of Mr. T. L. Donald- 
son, Fellow, then read a short memoir, composed by the latter, of 
Monsieur Charles Frederic Ncpveu, architect, of Versailles, 
deceased, whose devotion to his patron, King Louis Philippe, 
after his fall, was contrasted with hia somewhat sturdy mainte- 
nance of his own views iu his previous relations with that king, 
in a manner which greatly redounded tu hia credit. 



November 17. — A paper read consisted of " Some Remarkt 
on Colour and Coloureil Decoration," by T. Hatter Lkwib, 
Fellow. 

Prefacing that theories of colour were all of moderate date, 
while practical excellence iu its treatment was almost exclusively 
to be found in the works of ancient masters, " ignorant even of 
the prism," the author reviewed the treatises of Chevreul, Field, 
Sir U. Wilkinson, Redgrave, Owen Jones, and others, and con- 
sidered that they contained much valuable information, but no 
raleii for the safe guidance of the colouriat, for such, when at- 
tempted to be ednced, were found to be constantly demolished 
by the variety in nature; neither could art be confined in such 
bondage. He bad himself given much time to the analysis of 
the facts stated bj' the above writers, and made many curious 
experiments, which were detailed. In the course of these he had 
been much struck by the strong neutrality of nature colouring, 
and ita sparing use of the positive colours. Eeferriug to the idea 
that it is necessary to maintain a rel.ationship between the colour- 
ing and the material on which it is apjdied, he hail no faith in it, 
and did not find that it had been attended tn by the old masters, 
who uijed colour Ltvishly, even covering with plaster and paint- 
ing marble, atone, and wood, e. g. Girgenti, Fountains Abbey, Ac 
The first thing in decoration is to help out the design, Dot seizing 
bare surfaces as mere grounds for colour; then to consider how 
far the actual materials cau be used to give the key-note, as they 
generally may in skilful hands; and it is the architect who alone 
can and should be entrusted to decorate hia own atructurts. To 
cover every portion with colour, as in the Sainte-Chapelle, Paris, 
is nut so satisfactory. In the cathedral of Spires the plain atone 
columus are left, with better etfect, to give repose to the rest of the 
wall-surface, which is gorgeously painted. In such composi- 
tions it is desirable that the ghias should be pamted aa well; the 
want of this is painfully felt at Monreale and in St Mark's; it is 
a mistake to think that the tight transmitted through them will 
interfere with paintings on the walls. We may look for goo<l 
precedents for our practice to Palermo, Monreale, the Baptistery 
at Florence, &c., where gold and marble mosaics, the finrat ma- 
terial for decoration, are profusely and a<lmirably employed, 
together with frescoes; and it should be noticed how the richness 
is increased from the tloor upwards, and not, aa in modern rooms, 
frtim the ceiling downwards, and how, as iu the halls at Palermo, 
Venice, and R(»me, the paintings are fitted and framed into the 
walls, instead of being hung upon them aa if for sale. The im- 
portance of painting decorations being made to suit the building, 
and, iu fact, to be designed by an architect, may be seen by the 
contrast between the old mosaics of St. Mark and those of the 
Beuaissanoe painters in the nave; but then the architect musV 
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ktudjr and become competent to undertake it as \rere the men of 
uld. 

With regard to external decoration in colour, buildings in 
towns, it wiks said, calle<i for a different treatment to those iti the 
country; and as time and climate seriously atfect applied colour, 
the natural tinL^ of materials are the safer to use; aud we have 
namerous examples of every age of their employment in this 
manner. These were briefly reviewed, and the subject com- 
mended to the careful consi<ieration of the meeting, which was 
theu adjourned to the Ist of December, when a paper will be read 
by George Edmund Street, Fellow, "On the Church of St. 
Micbmel, Penkivel, Cornwall, and its Keetoratiou." 



THE SOLID-BAR LINK-MOTION. 

TO TBS KDITOK Of TBI flTIL KKOIXKEa IKD AlrniTICT'A ;orn!llL. 

StB. — HftViDg hiwJ the pleasure of seeing this tnodificatjon of 
Liak-tuotiou applied tu marine eugiues in the Exhibitiun, I liave 
waiieil with some degree of curiosity to see who would come 
forward aud claim the inveutiou as his own. lu your Jourual of 
this month I perceive Mr. Nasroyth appropriates the invention, 
and relates the circumsUiaces of its introduction by him in 18^2. 
Perhaps others may do so also; but with all deference to Mr. 
Nasmyih, I beg to inform you (aud may I .ask a place iu the 
(X>lumiis of your Journal t«> inform its readers) that in the ait)a- 
eily of Locomotive Engineer for the Ardrossan R^ulway Co., 
I contrived, modelled,aud constructed, in 1851, a Solid-bar Link 
Motion for a locomotive (the " King Coil "), which I rebuilt on Ihe 
Cumpaiiv's premises. I had this engine running early iu I8C2. 
aud need scarcely add it gave entire satisfaction. 

I am, Sk^ 

WlLUAS BOBKRTSOV. 

»2. Mid Abbey 8trt»et, Dublin, 
November 25, I86l>. 
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1144) Johoatm, J. U.— rurifiwtton of oili lAcnin.; — May II 

t; " "' jlit a com.. — AoKiuiSr 

■J. oinpnaadfl nconi.t — July 31 

1-- .ilDiuintcof HKUaot) poUali — Jane 27 

Hv,:^ I'.siiini:,.-, L. iiv In. — irt.itiiig tatixfubstancM, xetiDi, a«.— May i 



k .— Cmuaotfu caat and wmn^t-inw to obtain caflt-«t««] — Var 10 
nnd J.-HanuliKlnn of wroogtit-lran, ctMl, ur ounDlncd 



HA4 LaiDlaMa, A 

1114 HerOitiaii. R , A. I 

wnjuglit inm »iiil >i'-rl pUtM — Hay t 
ISIS Snonnlcii, T.— uaiiuloctun! of it4iel tjroa, houpa, and qrlludan. Ice (aaon.J — 

Majr .^ 
HIM Fiinbiti, I*. M — OiilDauw- June I 

^■I•S 'H-.iihy, n, OmIu'iiii-i: Mu) 3 

•ji ■ ' uilj»r 4 

I .'3 

Mj,, , , , , - ,,- , ,,.r 11 

I'Sn Bmomao, It. A.— Appuriln* for nip^rheatiiu; steam ■» com.*- Mmy 3 

I.T.IT Hfirw J.-Lnbricjuor fi>r ^'.-■•jim d-ffin''^ — Mnr 'i 

■JH" ' T — SUi»HI <?ll;.i' ' I I— July 2! 
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1451 Kinnaii. H, 
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Stocketi, F. 
•dwck,J.- 
Mav& 
JiiIbI. H.- 
UJJe/, J.- 



i<1 u4ii«r fliitila— May IS 
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— ^tipfinktuH tor prwlociti 



Kit: 

-..i.iuuij. i.if MirHil— tfay 3 

<:tlng oil wutor, &c.— &lay 1 

' or dmciBf rtooaa May S 

< . rv.,niTiii.L ni:iiiiiiiiT,i la ooin.)— Jone fl 

v.— Miidiiiiory npplic&blB to cutting out boot aitd nhoo lolM I a com.) 

.f ■ . ,. . . ., . _ . . :i \;r ineaiu of Bt«aai hammofB — Mar 16 
-May Si 
. III! Rpiadica— May IS 

'iiun;'< -iUy 10 

ili« prewDce ofl iBlda, gaaet, &«. — lUy 10 
<>m.)— May 19 

V. - >j:i, iiiii.ry itpini'.tuli.- to tl>e ctttUuf vt leather, Ac (aoom.)— 

, W.— PulTcrUlng ore» - May 8 

-Macblaery for dkyging, excaratlne. Ice. (a coo.)— May 16 
— Waahiug and fllaaniifur textile biorici, ke. (a com.) — Hay 13 
W,— MonnlMtoriiig naua- May It 

— Carriagw-May K 

-A|>paratii* tor memtariog vlMtauoa* traralled by vlteel csxriagei— 

-Whecli (a cooi.: — May 1 
■Makitig wli«el»— May £i 
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1441 Clark, W.— Gtai«ratin{ DoUon Is flaidj^ applicable for 
May 18 

1U9 De BcrrlUe. C. T. F.-CoapUag bar— May T 

14«7 I>i(d(«r, J.— AppHtattti fbriuUvwT of liii(»frDqi imUwav train*— May U 

IMO Wbitvortli. C. F.-Appai»ta«e*nr •icnaltiDKoa railway*— May 2 

ISOS Jobiuon, J., and Chapmait, A.— Appamtoi lor prcfCJiUiiK Aillirlout «i railwayt 

—May 7 
1S*2 llarcbal, D., and Dt Wiart, A. C- Method of pmrentliij affect* of ribiaUonot 

>ar oa tlie permaaFnt way of railway*, ac. — May 7 
131 D'AQbterillti, L.— Metallic oniM tJNpon for raUwikya (• oom.)— May if 

144IC Joovin, J, P.— PrcMnriDg trob plated Ti)a*el«— May lA 

1S«0 Culomb, P. B— SiKnalliiig— May T 

12M] P»ql, M. >ViDdbMK*ai»i<-a|MtJU)»— May t 

)449 Lalliani, A. \L— SiecrluK apiMratuma com.) — tlaj IS 

1124 ('Artwri;bt. H . — PropclUug and «te«ring screw steam veanla — May li: 

1416 Hirtchin«iD, W. N.— Screw propollMl iblpt-MaT 12 

1477 Watury, A. - Coostrortiiig kni[>«, Tomela, and otber rtm e t i trw iittendod w raaiai 

xbol -.«lB} IS 

ISM Hii(i.'iri, r. U.— Defeiukive annouf— Vay 27 

t ' >, C— ApparataafbrmaiuBiinlogablpiaadreMela— Vay 8 

1 . J.— "Up pmpelUm— May SO 

I .' . — titmotttra af ahipa and other i uwula — Kay 14) 
Um:! Mi.i: t>v . B.— UoiMtnietion of <blpt and reuela, maata and «par»— ki ay Id 
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BoniArld, O. T.— Tilling by mean* of a digging locomoUrc (aetnn.; — May ' 
McOun, J.— Orving, oCKtling, and deaniuc grain — May 7 
Hantome, J. E., Copping, W., and l^uudoU, L.— Harrow*— May 4! 

Swallow. J., on I —Carpet fabric— May 1 

Clarke, J., and ' — Loom* — Hay 9 

Morel. A.— He —May* 

Moilodtw, J., Mill Mi i;>a.!w. I'.. Koasclmeyer, C, W.-Ioonui— May i 

Heyworth. J. — LcKinsi -May i 

Fnwcelt, T. - Plal!.<l r;iliiii> for »hirt frunta— May 9 



Whittak«r, E.. 
Harrison, W.. 

win.liiif, *Uui 
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—Preparing oottoo. Ike. to be ipun — Uay 14 
. -J., and Odidia, UM Parkinton, W.— Matfb)uery for 

!i>r preparing, iplnnliig, Ac- May S6 

■ ,1 < :..y 10 

■ I -1, ice— May It 

;r. I ilw<ji'liiiii 'x>iton, Ac— Uay 22 
• .1 - IxHiiu* - Jose S 

1 ., J,-U..-.iUl,< -May i; 

SS38 Callebaat, C— aewingiaachinM-Aiigiiit 30 

I.H90 Mace, T, K.— anard* or proteiton for hata — May 9 

1400 llaioier. O. C— Lurketa, and appilcatina of pnrkealae M a rabatittltc far gla» 

-Way 10 
1331 brtudley, F. B.— Tlaskf, dccantora, bottles, Ac. -May 6 
MOT JnhikKin, J 11.— Tluiiod lead pifMs (a com.) -May tS 
1S<»7 Bnioiuan, R. A. — !^wiu|{ii \i ouin.J— May 7 
1»«1 UrtiAVKa, W. -.Stirrup ban-Day 4 
1311 Herdeviu, J. M , aud JulieD, J. A. — Sloice coclcs— May 8 
II:.:; rhirk. W.— Uuoklo or (aftcnlag (a cou>,;— May 6 
I Li. C— Clttar lltht*— .^^ «y » 

I , A.— Korin or mat, capnblti of being ocMverted Into a tatile— May 4 

1 i..~Ril~< for Dnil>r«lla« and paiaiola ta com.^May 10 

^^.lnutl^lg mill j'tonw— July •! 

creAsiiiR. and raising leather (a com.) — Scptolnber IS 
,14 -May JU 
.. ij. iX.— .^pparattu tui conamning ainoke (aeotn.) — MAy IS 
I - Apparatn* fiu nerdainK tAe httBAft body— May U 
i ' — M.tJtIlic taahbarv— May Sl> 

iiifi I . ■' 'a of a vegetable fibre, in ihe manofkctnre uf felted fabrics, 

lir-.l ! nacre, T.— Cockior «alvca— May 91 

. I -May 17 

.n fnr bLiok omamenla— Septetobnr 10 

1 i-i'i,- -51i.v iT 



ISUI Ncwioii, W. K.— Klcctriwil I 
118*1 Hiwt'llon, t4.— t'hiirii" ni.i 
:4U :<lirJc«ni, J,, u . ' d 

celtio^, Ac. 

!i;m \V,.ri,i.,ll. ■ - 1 



I ncotit.l— Juuo St 
"Q »aMd«— July ^ 



' .t— Jane Ig 
1, 1. — Kooudation or ground 'Work far 

njsru'tits— Mar IS 



.ling belt formed of leather (a com.)— Jauo Zl 
K . . -uriDEBodreglatetingcors, &c. — May K 

l*2\» tiix\uul, A. ti. - Iri^atuiiDt uf bupt-kuy IS 
lOiil Bttrt, U. P. - Prot«cting wnod«B potts from dattay— May 90 
1474 TreM, C— Mauul.h lur.' (if b:ila, helnieta, bonnela, or capa— May }£ 
170 i Hjvlflctd, 0. -f c»*k» or barrela- Jodc I 

IBIO Wigaell, M,— I: r faateuings fur thipbuildiog, Ae.— Jane 19 

IMS TarnbnU, 3., an j .[irture of floor Clothi>— May Si 

141S W ilker. U,— llutnlien Un crochet D«edlM, Ac— May It 

litU!) itiwiiinord. W.,and Lamb. II - uruiog limeftooe aud generating steam Maytft 
Ifii^ Uajiiida, K. dtt La-Productiuo of deaign* in relievo, Ac. ,a cum.)— May tS 
KiV'i viartiudole, R. — Maaufaoturtsuf globei aud glasiM — May ii 
16H TBmolar, B.— Appdratua tor rqcidterlug and indicating bllliard« and othar gaan 

- Jno« i 
1764 Jitcluon, M. — Shinld fur Ute gums— Jnne IS 
Mi2* I'Ktrii', W,— VetweU fnr Imiling chcuilml prodnota, Ac— Hay tt 
ISSr Wiley, W, R— M:iiiiifnrtiir.- of penholders or pencil casea, Ac.— May St 
l,'i25 Puwtrell, (..— ' f luctal tobea— May SO 

16JS Virlny. <•. A : oarbonisiug wood, peal, and olbar fool— May St 

M-" Irvlaiid, J. - Fu.. ..:.., -. -J for can 1 (vliiiri.(« Mav 2J 
Ifitll DuITuh, J, — AtHiaiiuuii (ur m«aaarir >>« — May S7 

1 tan Tyler. C. A .— Xlolder for holding ri < ^ and dithra - Junt It 

IBST Qiibey, A -Parkiog caaes or boxt,, i .„ l^j-:..^ -May Si 

1840 Bmaliwood, W T.-Watir dowl*- "»> ill 

1600 Oohen, C —Walking, umbreUa, and other Uke Midta— May 38 
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